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Title of Proposal - Toondah Harbour Development

Section 1 - Summary of your proposed action

Provide a summary of your proposed action, including any consultations undertaken.
1.1 Project Industry Type

Tourism and Recreation

1.2 Provide a detailed description of the proposed action, including all proposed
activities.

In June 2013, the Queensland Government declared Toondah Harbour a Priority Development
Area (PDA) under the Economic Development Act 2012 (ED Act) at the request of Redland City
Council (RCC). PDAs are parcels of land within Queensland identified for specific accelerated
development, with a focus on economic growth. The Minister for Economic Development
Queensland (EDQ) manages the planning of the Toondah Harbour PDA.

The location was identified by the state and local government on the basis that the area
includes the existing marine facility that serves as the base for water taxi, passenger and
vehicular ferry services between the mainland and North Stradbroke Island, as well as a public
boat ramp for recreational vessels. More than a million passengers and 200,000 vehicles move
through the port annually.

The PDA has a total area of 67.4 hectares, encompassing 17.9 hectares of existing land and
49.5 hectares of marine and tidal environments, of which 42 ha overlaps with the Moreton Bay
Ramsar Wetland. The area is of variable ecological quality as Toondah Harbour has undergone
historical disturbance with a large portion of the PDA previously reclaimed from the 1960s
onwards. The site continues to be disturbed by intermittent maintenance dredging and vessel
traffic associated with the existing barge and ferry terminals and public boat ramp.

In May 2014, the Queensland Government approved the Toondah Harbour PDA Development
Scheme to guide future land use, planning and development decisions in the PDA. The
planning intent for the site is to reinforce Toondah Harbour PDA’s role as a community
destination and the regional gateway to Moreton Bay and North Stradbroke Island. Further, the
Queensland Government has committed to phasing out sand mining on North Stradbroke Island
by 2019 and expanding the island’s existing industries to ensure a strong, sustainable economy
for residents. The revitalisation of Toondah Harbour is important in supporting the economic
transition of North Stradbroke Island from sand mining to ecotourism.

In September 2015, Walker Group Holdings, (the Proponent) was announced as the preferred
development partner to redevelop underutilised public land in the PDA. In late 2015, the parties
entered into binding commercial agreements for the Toondah Harbour Project (the Project),
including a development agreement and an infrastructure agreement. Under the development
agreement, the Proponent is responsible for designing, financing and delivering the Project
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including obtaining environmental and development approvals.

The Project will be constructed over a period of 15 — 20 years including the development or
replacement of the existing barge and ferry terminals. The marine operations are part of the
existing character of the Moreton Bay Ramsar Wetland and support current residential and
tourism traffic to North Stradbroke Island and Moreton Bay. Tourism facilities, marina, mixed
use, commercial and residential development, car parking, and public open space will support
the new destination and the area’s function as a world-class gateway to North Stradbroke
Island and Moreton Bay. The project design will also ensure that all components are
sympathetic to and support the ecological character of the Moreton Bay Ramsar Wetland to the
greatest extent possible. For example, the Project will introduce new conservation areas and a
wetland and cultural education centre.

The Project context is provided as Figure 1 with existing approved maintenance dredge areas
shown on Figure 1a. A reference design and land use plan is also provided as Figure 2. This
forms the referral area, which covers approximately 56 ha including 17.7 ha of waterways,
sheltered coves and wetland edges that will not be reclaimed or permanently impacted by the
development. Approximately 42 ha of the referral area is located within the boundary of the
Ramsar wetland including 12.5 ha of waterways. The current masterplan includes approximately
32 ha of reclaimed land, 10 ha of which is new parklands and conservation areas. The Project
has been designed to balance cut and fill with all dredged material to be used for the
reclamation.

It is anticipated this footprint will be further refined through detailed ecological and engineering
studies as part of the EIS process.

A detailed description of the Project is provided as Attachment 1, including: background to the
PDA and Project location; how the Project will integrate with existing boat harbour and
operations; a description of the proposed Project land uses; and an outline of how the Project
integrates with the ecological character and demonstrates ‘wise use’ of this part of the Moreton
Bay Ramsar Wetland.

1.3 What is the extent and location of your proposed action? Use the polygon tool on the
map below to mark the location of your proposed action.

Area Point Latitude Longitude

Referral Area 1 -27.523969866419 153.28637227378
Referral Area 2 -27.523760546769 153.28680142722
Referral Area 3 -27.523379964568 153.28680142722
Referral Area 4 -27.5222572394 153.28965529761
Referral Area 5 -27.533198563891 153.28969821296
Referral Area 6 -27.532684821717 153.28718766532
Referral Area 7 -27.531314830845 153.28523501715
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Area Point Latitude Longitude
Referral Area 8 -27.530173158742 153.28401192984
Referral Area 9 -27.529431065517 153.28195199332
Referral Area 10 -27.527851722232 153.28268155417
Referral Area 11 -27.527661438377 153.28199490866
Referral Area 12 -27.526538756929 153.28238114676
Referral Area 13 -27.526729042727 153.28313216529
Referral Area 14 -27.526272356258 153.28332528434
Referral Area 15 -27.526024983628 153.28476294837
Referral Area 16 -27.525244804767 153.28553542456
Referral Area 17 -27.523969866419 153.28637227378

1.5 Provide a brief physical description of the property on which the proposed action will
take place and the location of the proposed action (e.g. proximity to major towns, or for
off-shore actions, shortest distance to mainland).

Toondah Harbour PDA is located in Cleveland, which is Redland City’s civic, commercial and
cultural hub and a principal regional activity centre under the South East Queensland Regional
Plan 2009-2031.

The referral area encompasses freehold land owned by Redland City Council and State land
above and below High Water Mark. Current terrestrial uses of Project land include multiple ferry
terminals and public boat ramp, extensive areas of surface car parking, an office complex, and a
disused dredged material disposal pond. The overwater areas are made up of a mix of tidal and
intertidal habitats with the majority being intertidal mudflat but also include the existing wet
berths, swing basin and public navigation channel.

The Toondah Harbour PDA also contains privately owned land that is not Project land. This
includes existing residential areas that are not part of the development proposal, and GJ Walter
Park (an existing public park with heritage cricket field and off-leash dog park), which is to be
retained.

A site and location plan for the area are provided as Figures 1 and 2.

1.6 What is the size of the proposed action area development footprint (or work area)
including disturbance footprint and avoidance footprint (if relevant)?

The PDA has a total area of 67 ha. The referral area is approximately 52 ha

1.7 Is the proposed action a street address or lot?
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1.7.2 Describe the lot number and title.L58 on SP115554, L1 on RP145396, L33-35 on C618,
L20 on SP153278, L79 on SL7088, L119 on SL9713,

1.8 Primary Jurisdiction.
Queensland

1.9 Has the person proposing to take the action received any Australian Government
grant funding to undertake this project?

No

1.10 Is the proposed action subject to local government planning approval?
Yes

1.10.1 Is there a local government area and council contact for the proposal?
Yes

1.10.1.0 Council contact officer details

1.10.1.1 Name of relevant council contact officer.

Peter Kelley, CEO Redland Investment Corp

1.10.1.2 E-mail

Peter.Kelley@redlandinvestmentcorp.com.au

1.10.1.3 Telephone Number

07 3829 8862

1.11 Provide an estimated start and estimated end date for the proposed action.
Start date 03/2020

End date 03/2040

1.12 Provide details of the context, planning framework and State and/or Local
government requirements.

Project Assessment Process
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The Department of Environment and Energy is the administrative authority in Australia that
supports the Ramsar Convention. It meets Australia’s obligations under the Ramsar
Convention by:

§ Providing national wetland policy leadership;

8 Working with state and territory governments through the Standing Council on Environment
and Water;

§ Implementing the EPBC Act; and
8 Developing programs to improve wetland management.

Australian state and territory governments, of which the Queensland Government is one, have
primary legislative and policy responsibility for the listed wetlands in their jurisdiction including:

§ Management of listed wetlands;

§ Promoting the conservation and wise use of listed wetlands;
§ Reviewing the condition of listed wetlands;

8§ Reporting on the status of listed wetlands; and

§ Leading the development of proposed Ramsar List nominations, including consultation and
liaison with the Australian Government.

The Queensland Government has primary responsibility for the Moreton Bay Ramsar Site.
The Project will require approvals under Federal and State legislation.

Federal approvals will be required under the EPBC Act and it is anticipated that assessment will
be via an EIS process.

Key State approval requirements and associated processes are outlined below.

Toondah Harbour PDA Development Scheme

On 29 May 2014, the State Government approved the Toondah Harbour PDA Development
Scheme to guide future land use, planning and development decisions in the PDA.

The Project is located within the Toondah Harbour Priority Development Area (PDA) therefore is
subject to the Toondah Harbour PDA Development Scheme which is implemented under the
Economic Development Act 2012 (ED Act) and administered by Economic Development
Queensland. The PDA Development Scheme is the regulatory document that controls land use,
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infrastructure planning and development in the PDA, rather than the local government planning
scheme. The Development Scheme overrides other local and state government planning
instruments related to the use of the land within the PDA.

The Land use plan part of the Development Scheme regulates development in the PDA and
includes a vision, Structure plan, Precinct plan and a Height plan. The Infrastructure plan details
the infrastructure necessary to support the Land use plan for the PDA and identifies applicable
infrastructure charges. The Implementation strategy describes other strategies and mechanisms
that will be used to complement the Land use plan and Infrastructure plan to achieve the
outcomes for the PDA.

Development is permissible if it complies with the relevant PDA wide criteria and precinct
provisions or does not conflict with the PDA vision and there are sufficient grounds to justify the
approval of the development (i.e. superior design outcomes or community need).

The Development Scheme requires the design, siting and layout of development has regard to
the environment and:

§ Seeks to first avoid, then minimise and mitigate impacts arising from development within the
PDA to sensitive ecological values or Matters of State Environmental Significance within and
adjoining the PDA, including koala habitat, intertidal mudflats, mangroves, seagrass beds and
fisheries;

8§ Seeks to achieve a net gain in koala and marine habitat through the use of compensatory
offsets;

§ Establishes vegetated corridors through the PDA which support wildlife habitat, safe fauna
movement and open space connections between community focal points;

§ Incorporates landscaping with endemic species, with a preference towards retaining existing
vegetation where possible;

8 Utilises planting strategies which are site responsive and reflect the subtropical nature of
South East Queensland;

§ Maintains and improves water quality and the functioning and characteristics of the existing
hydrological network (including surface and groundwater interactions) and addresses overland
flow paths; and

8§ Minimises adverse impacts on receiving waters and appropriately manages stormwater
including use of total water cycle management and water sensitive urban design principles.

Detailed assessment addressing these issues can be lodged as part of a preliminary approval
application or Material Change of Use for the development if sufficient detail is provided.

It is of note that reclamation areas within the Moreton Bay Ramsar Wetland and Marine Park
were always considered necessary for the development of Toondah Harbour and are included
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in the Development Scheme as Precinct 4 — Marina and Water Based Development. The intent
of this precinct is to “include development and works undertaken in water based areas of the
PDA. This will include the opportunity for a staged marina and land reclamation. Land
reclamation, through the ongoing settlement of dredge spoil, provides an opportunity to create
land that will be utilised for development in the future. Any areas created through land
reclamation will be integrated with the adjoining precinct”.

Following the EIS process under the EPBC Act, the Proponent will submit a development
application under the ED Act for a Material Change of Use with Plan of Development and an
Operational Works application. For the Toondah Harbour PDA, the Minister for Economic
Development Queensland has delegated development assessment powers and authority under
the ED Act to a Local Representative Committee (LRC) comprising representatives of the
Department of State Development, Manufacturing, Infrastructure and Planning and Redland
City Council.

Moreton Bay Marine Park

The PDA includes areas of water within a Habitat Protection Zone of Moreton Bay Marine Park
and therefore any development proposed within these areas will require assessment and
approval under the Marine Parks Act 2004.

As the Project incorporates major works that are likely to have a significant impact on the
marine park, such as marinas, reclamation and capital dredging it will require a legislative
amendment to declare a works area, or to revoke the area from the marine park prior to any
permit assessment.

Section 62 of the Marine Parks (Moreton Bay) Zoning Plan 2008 sets out the process for
declaring a works area. This requires satisfying the minister that:

a) there are no suitable alternatives to the proposed major works;

b) an assessment of the social, cultural, financial and environmental outcomes of the
proposed major works has been undertaken and supports the location of the proposed major
works;

c) the person proposing to carry out the major works has carried out an analysis of the
adverse impacts of the proposed major works in the marine park, and has given sufficient
details about how the adverse impacts will be addressed; and

d) sufficient public notice of the proposed major works has been given by the person
proposing to carry out the major works.

In preparing an amendment to the Marine Park plan to set aside a works area, the Minister may
also consider the nature and extent of anything else proposed to be done in addition to the
major works that may be beneficial to the natural and cultural resources of the marine park and
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whether the proposed major works will provide facilities for use by, or for the benefit of, the
public. The declaration of the works area allows revocation of that area from the Marine Park.

Under the Marine Parks Act 2004 an EIS can be required for carrying out a
reclamation/revocation in a Marine Park, and must address the following information:

8 the proposed use of the reclaimed part of the marine park;

§ the potential impacts of the proposed reclamation on the park’s environment and use and
non-use values and the environment of areas of waters or land contiguous with or adjacent to
the park; and

§ the Ramsar Wetland Information Sheet (RIS) about the proposed regulation revoking the
declaration of the reclaimed part of the park.

The EIS does not need to be made specifically under the Marine Parks Act 2004 and can be
made under another Act or a law of the Commonwealth or another State. The EPBC Act EIS will
address all environmental issues associated with reclamation within the marine park. The
Queensland Parks and Wildlife Service (QPWS) will be consulted throughout the assessment
process to ensure their concerns are addressed. It is anticipated the Works area application will
be lodged concurrently or shortly after the draft EIS is released for public consultation.

Other State and Local Approval Requirements

Certain development will also need to be assessed under new Queensland planning legislation,
the Planning Act 2016 (PA), which came into effect in July 2017. Assessable development
under the PA at Toondah Harbour will entail:

8 Material Change of Use for an Environmentally Relevant Activity (ERA 16- Extractive Industry
— Dredging a total of 1000 tonnes or more of material from the bed of naturally occurring surface
waters in a year).

Other approvals may be required under the PA if works are undertaken outside the PDA,
however this will depend on the outcomes of the EIS process and the final footprint. These may

include:

§ Operational work that is tidal works or work carried out completely or partly within a coastal
management district if outside the PDA,;

8§ Disposing of dredge spoil or other solid waste material in tidal water if outside the PDA;

8 Operational work that in the removal, destruction or damage of a marine plant if outside the
PDA;

8 Operational work that is clearing of native vegetation if outside the PDA; and



Submission #3360 - Toondah Harbour Development

8 An allocation of quarry material under the Coastal Protection and Management Act 1994 if
dredged material is placed above the high water mark.

The Chief Executive of DSDMIP is the Assessment Manager for these application types.

A flowchart conceptualising the approval process for the Project is included as Figure 4.

Other Policies and Strategies

The Project aligns with a range of government and community policies at national, state,
regional, and local levels including:

Tourism 2020;

Regional Education, Skills and Jobs Plan for Queensland — Logan and Redlands (2013);
Smart Cities Plan;

Toondah Harbour Priority Development Area Development Scheme;

North Stradbroke Island Economic Transition Strategy;

Advancing our cities and regions strategy — delivering economic and community development
outcomes;

ShapingSEQ (South East Queensland Regional Plan 2017);

State Infrastructure Plan 2017;

Queensland Charter for Local Content;

Queensland Government Building and Construction Training Policy;

Redland City Tourism Strategy and Action Plan 2015-2020;

Redland City Economic Development Framework 2014-2021; and

Redland City Corporate Plan 2015-20.

In December 2016, the Federal Minister for Trade, Tourism and Investment recognised the

Project’s national significance by granting it Tourism Major Project Facilitation (TMPF) status.

1.13 Describe any public consultation that has been, is being or will be undertaken,
including with Indigenous stakeholders.
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Prior to Walker’s selection as preferred development proponent for the Toondah Harbour PDA,
Redland City Council and Economic Development Queensland conducted comprehensive
public consultation on the Toondah Harbour PDA Development Scheme. According to the State
Government’s public submissions report, consultation was undertaken in two separate phases:

8§ The first phase of consultation occurred in August 2013. The reported purpose was to
engage with the community in advance of planning for the Toondah Harbour PDA and inform
residents of the PDA process. It is understood that engagement included targeted stakeholder
meetings, Open House community forms and online surveys. Quandamooka Yoolooburrabee
Aboriginal Corporation (QYAC) representatives were consulted by RCC at this time.

§ A statutory consultation phase then occurred between 10 January and 24 February 2014
entailing public notification of the draft development scheme for Toondah Harbour PDA. It is
understood that, in total, there were 10 community forums, an online submission process and
distribution of five community mail-outs, advertisements, and public displays. More than 3000
people participated in these engagement activities and 583 submissions were received. The
results of assessment were documented in the submissions report, which is publicly available
on EDQ’s website.

Based on feedback from the public during the consultation on the draft development scheme,
the State Government planners amended elements of the draft development scheme to:

8 reduce maximum building heights to 10 storeys;

8 ensure no net loss of public open space within the PDA;

8 provide greater protection for the recreational function of GJ Walter Park;,

8 reduce the size of the proposed marina from a maximum of 800 berths to 400 berths; and
8 establish a vegetated corridor for koalas and their safe movement.

Further consultation will be undertaken as part of future Federal and State assessment
processes. A communication and engagement plan has been prepared, which includes
establishment of a project website with Fact Sheets, Project Team contacts, a program of public
notices, formal correspondence, static information displays, newsletters, surveys, key
stakeholder meetings and briefings, staffed information sessions and events.

Alongside the commissioning of technical studies, public notification and consultation with
Indigenous stakeholders will form part of the assessment process, reflecting their important
ongoing role and knowledge as custodians of land and sea country and Aboriginal cultural
heritage.

Additionally, the State Government, as the owner of the state land, has advised that it intend to
negotiate an Indigenous Land Use Agreement (ILUA) in the form of an Area Agreement with
parties that hold native title in the area. Public notification of the proposed ILUA commenced in
early November 2015.
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On 8 March 2017, Queensland South Native Title Services submitted the Quandamooka Coast
Claim (QC2017/004) with the National Native Title Tribunal. The claim area includes the
Toondah Harbour PDA.

A cultural heritage survey and formal Cultural Heritage Management Plan process will be
undertaken as required under Part 7 of the Aboriginal Cultural Heritage Act 2003 (QId).

1.14 Describe any environmental impact assessments that have been or will be carried
out under Commonwealth, State or Territory legislation including relevant impacts of the
project.

If the Project is declared a ‘controlled action’ under the EPBC Act, the project assessment is
proposed to be via EIS.

1.15 Is this action part of a staged development (or a component of a larger project)?

No

1.16 Is the proposed action related to other actions or proposals in the region?

No
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Section 2 - Matters of National Environmental Significance

Describe the affected area and the likely impacts of the proposal, emphasising the relevant
matters protected by the EPBC Act. Refer to relevant maps as appropriate. The interactive map
tool can help determine whether matters of national environmental significance or other matters
protected by the EPBC Act are likely to occur in your area of interest. Consideration of likely
impacts should include both direct and indirect impacts.

Your assessment of likely impacts should consider whether a bioregional plan is relevant to your
proposal. The following resources can assist you in your assessment of likely impacts:

* Profiles of relevant species/communities (where available), that will assist in the identification
of whether there is likely to be a significant impact on them if the proposal proceeds;

» Significant Impact Guidelines 1.1 — Matters of National Environmental Significance;

« Significant Impact Guideline 1.2 — Actions on, or impacting upon, Commonwealth land and
Actions by Commonwealth Agencies.

2.1 Is the proposed action likely to have ANY direct or indirect impact on the values of
any World Heritage properties?

No

2.2 Is the proposed action likely to have ANY direct or indirect impact on the values of
any National Heritage places?

No

2.3 Is the proposed action likely to have ANY direct or indirect impact on the ecological
character of a Ramsar wetland?

Yes
2.3.1 Impact table

Wetlands Impact

Moreton Bay Ramsar Wetland See attached the Protected Matters Search
Tool results (Attachment 2) and technical note
(Attachment 3) addressing the Potential
Impacts on the Ecological Character of the
Moreton Bay Ramsar Wetland from the
Toondah Harbour Project. While the EPBC
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Significant Impact Guidelines provide some
guidance on how to assess impacts to a
Ramsar Wetland, the criteria are broad and
difficult to apply at a site level to large and
ecologically diverse wetlands. Moreton Bay
covers an area of approximately 113,314 ha
and contains a variety of ecosystems ranging
from perched freshwater lakes and sedge
swamps on the offshore sand islands, to
intertidal mudflats, marshes, sandflats and
mangroves next to the Bay’s islands and the
mainland. To provide an accurate assessment
of potential impacts to the Ramsar wetland at
the site level, a significant impact assessment
methodology was developed and provided with
Attachment 3. The method is adapted from a
previously accepted approach developed for
the Great Barrier Reef World Heritage Area
(Adaptive Strategies 2016), which, while
protected under a different international
convention, has many similarities in terms of
ecological process and protection. The method
comprises two components: 1. Contextual
information about ecological character to
provide a framework for the analysis; and 2. A
process to be applied at the local scale. An
ecological character description is still in
preparation for Moreton Bay Ramsar wetlands
(DoEE 2017a). In the absence of a formal
ecological character description for the site, the
ecological character of the Moreton Bay
Ramsar wetland has been defined as those key
environmental values that contribute to the
listing criteria of the site. Based on this
description a number of key attributes have
been identified for the Wetland categorised
under seven key environmental features;
estuarine/intertidal areas, coastal and sub-
coastal vegetation, migratory shorebirds,
threatened plant species, marine fauna habitat,
fish species, and lakes and enclosed water
systems. Assessment of these categories were
carried out at the site level with the result
summarised below: Estuarine/Intertidal Areas —
The PDA contains a moderate to minor
presence of estuarine and intertidal habitats
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Wetlands Impact
including sparse seagrass beds, a small area of
mangroves and mud flats providing feeding
habitat for migratory shorebirds. The PDA
contains less than 0.007% of the total area of
potential feeding habitat from migratory birds in
Moreton Bay and would be considered to
provide a minor contribution to the overall
ecological character of the wetland. Coastal
and sub-coastal vegetation - No swamps were
identified by the terrestrial or aquatic ecological
surveys as being present within or adjacent to
the PDA therefore the site does not provide a
contribution to the ecological character of the
wetland for these attributes. Migratory
shorebirds — The PDA area contains intertidal
feeding habitat for a number of migratory
shorebirds including the critically endangered
Eastern Curlew, the critically endangered Great
Knot and the vulnerable Bar-tailed Godwit
(Western Alaskan). Similar habitat is found
throughout Moreton Bay with the site providing
less than 0.001% of this habitat type. Two high
tide roost sites are located adjacent to the PDA
being the Nandeebie Claypan and Cassim
Island (refer to Plan 2). These areas are
recognised as having high importance to
shorebirds in the region and site design and
management will focus on avoiding any
permanent or long term impacts to these areas.
The site is considered to provide a moderate to
minor contribution to shorebird feeding habitat,
while adjacent areas provide a significant
contribution to shorebird roosting sites.
Threatened Plant Species - No threatened flora
species have been recorded within a 1 km
radius of the study area on the databases that
were searched, none were detected during the
field survey of the study area, and the study
area does not contain habitat suitable for any of
the threatened flora species identified as having
the potential to occur. The site does not provide
a contribution to the ecological character of the
wetland for these attributes. Marine Fauna
Habitat - Twenty-one migratory marine species
were listed as potentially occurring within 5 km
of the Project using the protected matters
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search tool. Of these listed migratory species,
12 species are also listed as threatened
species. Of the listed migratory species,
loggerhead turtles, green turtles, Indo-Pacific
humpback dolphins and dugong are highly
likely and hawksbill turtles are moderately likely
to occur in the potential area of impact. While
potential habitat for these species is located in
Toondah Harbour similar or better habitat is
present throughout Moreton Bay. The site is
considered to provide a minor contribution to
the ecological character of the wetland for its
marine fauna habitat attributes. Fish - No
protected fish habitat is located within or
adjacent to the PDA and no threatened fish
species are expected to utilise the areas
including Oxleyan pygmy perch, which are
generally regarded as restricted to streams,
swampy areas and lakes in coastal wallum. The
site does not provide a contribution to the
ecological character of the wetland for these
attributes. Lakes and Enclosed Water Bodies -
No lakes or enclosed water bodies are present
within or adjacent to the PDA. The site does not
provide a contribution to the ecological
character of the wetland for these attributes.
The Project is likely to result in permanent
impacts to a small area of shorebird feeding
habitat as a result of dredging and reclamation
works. While the impact will be small in
comparison to habitat for native species present
throughout the Moreton Bay Ramsar wetland,
as the impact will be permanent and affect an
area of minor to moderate ecological character
there is the potential for significant impacts to
occur. If detailed studies identify significant
impacts will occur, an offsets package would be
developed in consultation with the DoEE and in
accordance with the EPBC Act Environmental
Offsets Policy (refer to section 4 of the referral
for further details of proposed offsets and
benefits). The proposed total works area within
the Moreton Bay Ramsar Wetland is approx. 42
ha. This includes significant land uses that are
considered ‘wise use’ in a Ramsar wetland
setting, including marina, navigation channel,
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public open space and recreational facilities
and a wetland education and cultural centre.
The Ramsar principles of avoid, mitigate and
compensate in the masterplanning for Toondah
Harbour PDA have also been taken into
consideration. Although complete avoidance is
not possible given the PDA overlaps with the
Moreton Bay Ramsar Wetland by approximately
42ha, substantial setbacks (minimum 250m)
from Cassim Island and Nandeebie Claypan
roost sites have been provided and more
intensive land uses have been located in the
non-Ramsar component of the site. Where
there are residual post mitigation impacts, it will
be necessary to compensate or offset the
resultant negative change in ecological
character. Ramsar Convention Resolution XI.9
sets out decision criteria to be considered
during the development and implementation of
compensation measures, which will be
addressed as part of the formal EIS process. In
addition to the increased buffer zones, the
Project will be designed and managed to avoid
any permanent impact on the adjacent high tide
roost sites (Nandeebie Claypan and Cassim
Island) through measures including:
Construction of appropriate barriers, such as
fences to restrict access; ideally, there should
be limited/no public access (by humans and/or
domestic animals) to areas identified as
important to migratory shorebirds; Landscape
and urban design to include sympathetic
lighting strategies, vegetation screening and
sound attenuation; Increased community
education through mechanisms including a
wetland education and cultural centre, bird
hides, walking trails and interpretive signs; and
Creation of approximately 5.1 ha of new
intertidal conservation areas. While impacts to
the high tide roost sites that adjoin the PDA will
be mitigated, it is acknowledged these areas
provide a significant contribution to the
ecological character of the Moreton Bay
Ramsar Wetland. As such, the precautionary
principle has been applied and therefore it is
considered likely the Project will result in
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temporary impacts to the roost sites, which may
have a significant impact on migratory
shorebirds that would need to be mitigated.
Further detailed studies will be carried out as
part of future assessment processes including
development of a shorebird management plan
to ensure protection of the high tide roost sites
is considered during the planning, construction
and ongoing use phases of the development. It
is also noted that the sites are mainly utilised by
migratory shorebirds over the summer period
(approximately December — March) therefore
some mitigation measures will be designed to
target these times. While appropriate
management measures will minimise the
potential to impact on the Moreton Bay Ramsar
wetland it is acknowledged that, if a
precautionary approach is applied, the potential
for significant impacts exist. Therefore, the
Project is referred as a controlled action to
allow more detailed assessment under the
EPBC Act to be carried out. It is noted that once
projects are within a controlled action process
offsets and benefits associated the Project can
be considered. The Project will seek to provide
an overall benefit to the Moreton Bay Ramsar
Wetland through best practice design
approaches, mitigation measures and an
offsets/compensation package that will provide
direct and indirect benefits to the wetland
environment. Responses may include in situ
and ex situ measures such identifying new
areas in Moreton Bay to be designated to the
Ramsar wetland, creation of new intertidal
habitat around the reclamation area, increased
protection of existing high value shorebird
animals from disturbance by dogs and people,
rehabilitation of areas offsite to increase habitat
value, community awareness and education
initiatives including a wetland education and
cultural centre and improved management of
the area through funding for a community
ranger program. These beneficial actions will be
explored further as part of the controlled action
assessment process. There is an approximately
7ha area between the existing public navigation
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channel and the Nandeebie Claypan roost site,
adjoining the PDA that was excluded from the
Moreton Bay Ramsar Wetland at the time of
mapping in the early 1990s, which has no
purpose from a contemporary planning or
operational perspective. While this area has
high ecological value, it is unprotected and may
have value as a direct local compensatory
measure. This opportunity, along with other
sites, will be assessed as part of the EIS
process.

2.3.2 Do you consider this impact to be significant?

Yes

2.4 Is the proposed action likely to have ANY direct or indirect impact on the members of
any listed species or any threatened ecological community, or their habitat?

Yes
2.4.1 Impact table

Species

Loggerhead Turtle (Caretta caretta) Green
Turtle (Chelonia mydas) Hawksbill Turtle
(Eretmochelys imbricate) Eastern Curlew
(Numenius madagascariensis) Bar Tailed
Godwit (Limosa lapponica bauera) Great Knot
(Calidris tenuirostris) Curlew Sandpiper
(Calidris ferruginea) Koala (Phascolarctos
cinereus)

Impact

See attached technical note (Attachment 4)
addressing the Potential Impacts on
Threatened Species. Likelihood of occurrence
assessments have been carried out by FRC
environmental (marine species — refer to
Attachment 5) and BAAM (terrestrial species
including wader birds — refer to Attachment 6)
and using information from the desktop and
field surveys assessing the potential for each
threatened species and community to utilise the
site. The assessments were carried out based
on a species potential to utilise any habitats
found within the PDA. This approach is
considered conservative as the development
will not affect all areas of the PDA and the
Project will incorporate new wetland and
conservation areas that will provide additional
habitat for many of the species that may
currently utilise the site. Threatened species
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considered likely to utilise the site are
addressed below: Loggerhead Turtle - Moreton
Bay supports a significant loggerhead turtle
feeding population. Loggerhead turtles are
moderately likely to occur in marine habitats
within and adjacent to the Project, particularly in
the seagrass beds. Green Turtle - Moreton Bay
supports feeding populations of green turtles.
Green turtles often are observed in the
seagrass beds adjacent to the Project. They are
highly likely to occur in marine habitats within
and adjacent to Toondah Harbour, particularly
in the seagrass beds. Hawksbill Turtle - Despite
not providing critical habitat, there is a small
resident population of hawksbill turtles in
Moreton Bay that may feed in, or traverse, the
proposed project area. There is a moderate
likelihood that hawksbill turtles occur in marine
habitats within and adjacent to the Project.
Eastern Curlew - During the summer months
October 2014 to February 2015, an average of
4.8 and maximum of 7 Eastern Curlew were
recorded feeding on mudflats within the study
area. Eastern Curlews were also recorded
roosting at the Nandeebie Claypan roost site.
Bar-tailed Godwit (Western Alaskan) - surveys
identified an average of 24.8 and maximum of
36 Bar-tailed Godwits feeding on intertidal
mudflats within the Toondah Harbour PDA. The
feeding density recorded within the study area
(average 0.62 birds/ha, maximum 0.9 birds/ha)
is substantially less that the densities of 3 to 8
birds/ha recorded in the highest quality feeding
habitats on the eastern side of Moreton Bay.
Bar-tailed Godwits were also recorded roosting
at the Nandeebie Claypan roost site and at
Oyster Point (located 600 m from the PDA).
Great Knot — Over all survey periods, a single
Great Knot was recorded during the low tide
feeding on intertidal mudflats within the
Toondah Harbour PDA. The high tide survey
results suggest that Great Knot occasionally
roosts in relatively small numbers at the
Nandeebie Claypan roost site as well as at
Oyster Point roost site located 600 m from the
PDA. Curlew Sandpiper - During the low tide
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surveys, Curlew Sandpiper was not recorded
feeding on intertidal mudflats within the
Toondah Harbour PDA. Furthermore, very few,
if any, Curlew Sandpipers appear to use nearby
mudflats. This suggests that feeding habitat
within the PDA and nearby mudflats is of
marginal importance to Curlew Sandpiper. The
high tide survey results suggest that Curlew
Sandpiper very rarely roosts at the Nandeebie
Claypan roost site south of the PDA. Koala -
The initial field survey identified 286 koala
habitat trees scattered across the western
portion of the PDA as a component of the
existing urban environment. Koala scats were
observed under 33 of these trees, confirming
recent Koala use of trees in the PDA. Two
Koalas were also observed in habitat trees
within the PDA, and up to three Koalas were
observed in trees at Nandeebie Park
immediately south of the PDA. In late 2016,
eight koalas were fitted with tracking devices as
part of study initiated by local community
groups. Potential direct impacts relate to the
removal of habitat or vegetation for
infrastructure, dredging or reclamation. The loss
of intertidal feeding habitat for threatened
migratory shorebird species has the potential to
lead to a corresponding decrease in the number
of migratory shorebirds using the Moreton Bay
wetlands proportional to the loss of habitat IF
migratory shorebird populations in Moreton Bay
were subject to density-dependent population
regulation. However, migratory shorebirds are
not currently subject to density-dependent
population regulation in Moreton Bay due to the
substantial loss of birds from the system.
Migratory shorebird populations using Moreton
Bay have undergone substantial declines due
to outside factors. The declining numbers year
on year are mainly associated with disruption in
staging sites in other parts of the flyway such as
mudflats in the Yellow Sea (refer to Studds et
al, 2017). In this case, the loss of a relatively
small area of intertidal feeding habitat is unlikely
to lead to a corresponding reduction in the
number of migratory shorebirds using Moreton
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Bay. Therefore, the carrying capacity of the
Moreton Bay wetlands for supporting migratory
shorebirds is likely to be underutilised. The
Project will be designed and managed to avoid
any permanent impact on high tide roosting
sites through the use of buffer areas and a
number of other measures including:
construction of appropriate barriers, such as
fences to restrict access; The project will be
designed to avoid public access (by humans
and/or domestic animals) to areas identified as
important to migratory shorebirds; landscape
and urban design to include sympathetic
lighting strategies, vegetation screening and
sound attenuation; and increased community
education through mechanisms such as
interpretive signs at access points to shorebird
habitats and educational programs through a
wetland and cultural heritage centre. Potential
impacts to marine turtles include loss of habitat
(seagrass) for the green turtle, short-term
disturbance through turbidity plumes, and an
increased chance of collisions from an increase
in boat traffic during construction and ongoing
use of the marina. The masterplan has been
revised to reduce indirect impacts on marine
fauna by reducing the number of marina berths
from an allowable 400 berths under the
Development Scheme to approx. 200 berths.
Management measures will be put in place to
minimise the impacts to these species,
including: developing thresholds for turbidity
and suspended solids, and appropriate
management (e.g. triggers for ceasing works)
for seagrass and corals and monitoring water
quality during construction; monitoring changes
in seagrass and coral communities post-
construction to determine any potential impacts;
fitting the dredge draghead with turtle
deflectors; putting in place procedures for
observing and avoiding marine turtles during
construction; and placing speed limits for areas
within and around the harbour for all boat traffic
The risk of impacts to marine fauna due to
noise and boat strike will be reduced further by
preparing a Fauna Management Plan including
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procedures for observing and avoiding turtle
species during construction. Once construction
has been completed and residential and
tourism uses (including the marina) commence
there is the potential for ongoing impacts to
threatened and migratory species. The actions
with the most potential to cause ongoing
impacts include: An increase in boating traffic
and other recreational uses such as kayaking in
and around the project area; An increase in
lighting and noise associated with ongoing
uses; and Ongoing maintenance dredging of
the harbour, marina and entrance channel.
Ongoing impacts to migratory birds and marine
fauna can be managed through increased
management of the site and surrounds,
educational tools and awareness raising. A
range of measures have been identified that will
assist to minimise, mitigate and offset potential
impacts to migratory birds and marine fauna,
which will be explored in detail as part of the
EIS process. Examples include: Increased
management of the local area through a
community ranger program; Wetland education
and cultural centre; Community awareness
campaigns; and Educational signage, in
particular in areas surrounding high tide roost
sites. Toondah Harbour and the 2.55km
entrance channel is already subject to periodic
maintenance dredging by the state government
and impacts would not be expected to be
significantly different to what currently occurs. It
is of note that impacts from previous
maintenance dredging campaigns are
considered to be minor and have not previously
required referral under the EPBC Act. All
options for treatment and disposal of dredge
spoil from maintenance dredging will be
examined as part of the EIS process. Potential
impacts to the Koala, if not carefully managed,
include loss of food trees in an urban area, risk
of mortality during clearing and increased risk of
mortality due to increased vehicle traffic and
dog ownership resulting from urbanisation. It is
noted that the area is already highly urbanised
and the park area surveyed includes a dog off
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leash area therefore, these impacts are already
present In the region. The potential impacts of
the Project on Koalas will be mitigated by:
Adopting a landscape and urban design that
retains as many of the food trees as possible
and includes a linear strip of public open space
to serve as a corridor connecting retained Koala
food trees with bushland habitat in Nandeebie
Park to the south of the PDA, Planting
additional Koala food trees both within the PDA
and surrounding areas where possible, to
mitigate any loss of Koala food trees within the
PDA,; Ensuring that the clearing of any trees
during Project construction is performed under
the guidance of a licenced fauna spotter; and
Using Koala exclusion fencing to fence off
areas that may pose a risk of injury to Koala
during construction. While management
measures will be put in place to mitigate
impacts to threatened species, the removal of
an area of low tide feeding habitat has some
potential to reduce the area of occupancy for
endangered and critically endangered wader
bird species and/or disrupt the lifecycle
(breeding, feeding, migration or resting
behaviour) of an ecologically significant
proportion of the population. While Moreton
Bay’s carrying capacity of migratory shorebirds
and marine fauna species is unlikely to be
affected, the project is referred as a controlled
action to allow a more detailed assessment
under the EPBC Act to be carried out.

2.4.2 Do you consider this impact to be significant?

Yes

2.5 Is the proposed action likely to have ANY direct or indirect impact on the members of
any listed migratory species, or their habitat?

Yes

2.5.1 Impact table
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Eastern Curlew (Numenius madagascariensis)
Bar Tailed Godwit (Limosa lapponica bauera)
Great Knot (Calidris tenuirostris) Curlew
Sandpiper (Calidris ferruginea) Whimbrel
(Numenius phaeopus) Terek Sandpiper (Xenus
cinereus) Grey tailed tattler (Tringa brevipes)
Ruddy turnstone (Arenaria interpres) Red
knecked stint (Calidris ruficollis) Black tailed
godwit (Limosa limosa) Pacific golden plover
(Pluvialis fulva)

Impact

See attached technical note (Attachment 4)
addressing the Potential Impacts on Migratory
Species. Database searches identified a total of
33 terrestrial fauna species or sub-species
listed as migratory shorebird species under the
EPBC Act that may occur within the study area
or environs. Eleven of these species were
recorded within or immediately adjacent to the
study area during field surveys, and a further
eight species were identified as having the
potential to occur based on database records
for the local area and presence of suitable
habitat. The remaining 14 species or sub-
species were assessed as unlikely to occur.
Potential direct impacts relate to the removal of
habitat or vegetation for infrastructure, dredging
or reclamation. The loss of intertidal feeding
habitat for threatened migratory shorebird
species has the potential to lead to a
corresponding decrease in the number of
migratory shorebirds using the Moreton Bay
wetlands proportional to the loss of habitat IF
migratory shorebird populations in Moreton Bay
were subject to density-dependent population
regulation. However, migratory shorebird
populations using Moreton Bay have undergone
substantial declines due to factors outside of
Moreton Bay, for example reclamation of
mudflats in the Yellow Sea. Therefore, the
carrying capacity of the Moreton Bay wetlands
for supporting migratory shorebirds is likely to
be underutilised. That is, migratory shorebirds
are not currently subject to density-dependent
population regulation in Moreton Bay due to the
substantial loss of birds from the system. The
declining numbers year on year are mainly
associated with disruption in staging sites in
other parts of the flyway (refer to Studds et al,
2017). In this case, the loss of a relatively small
area of intertidal feeding habitat is unlikely to
lead to a corresponding reduction in the number
of migratory shorebirds using Moreton Bay.
Other migratory species that may utilise the site
include Dugongs and Indo-Pacific humpback
dolphins. Potential impacts to these species
include temporary disturbance in areas affected
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by turbidity plumes, boat vessel strike during
construction and ongoing use of the harbour
and loss of habitat (i.e. seagrass for dugongs).
Impacts on migratory species are not expected
to be significant and a number of management
measures will be put in place to mitigate any
indirect impacts (refer to Attachment 4). While
Moreton Bay’s carrying capacity of migratory
shorebirds and marine fauna species is unlikely
to be affected, the project is referred as a
controlled action to allow a more detailed
assessment under the EPBC Act to be carried
out.

2.5.2 Do you consider this impact to be significant?
Yes

2.6 Is the proposed action to be undertaken in a marine environment (outside
Commonwealth marine areas)?

Yes

2.6.1 Is the proposed action likely to have ANY direct or indirect impact on the
Commonwealth marine environment?

No

2.6.2 Describe the nature and extent of the likely impact on the whole of the environment.
Impacts to MNES associated with the marine environment are addressed through responses to
section 2.3, 2.4 and 2.5. General impacts to the marine environment are also addressed in
Attachment 5.

Potential direct impacts to the marine environment include the loss of habitat directly under the
footprint of the proposed project. There will also be a gain of habitat in some of these areas.
Marine fauna may also potentially be trapped or injured in wet extraction areas; however,
management measures including the use of fauna spotters would mitigate the potential for
fauna to become trapped or injured.

Indirect impacts to the marine ecosystem may include:

§ disturbance of sediments and soil (increasing turbidity, suspended solids, sedimentation,
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nutrients, contaminants and potential acid sulfate soils);
8 spills of hydrocarbons and other contaminants;

8 increased stormwater runoff (with greater non-permeable surfaces on the subject site) and
associated contaminants and foreshore erosion;

§ altered hydrodynamics;

§ increased site access and boating;

§ spread of weeds and pests; and

§ increased litter.

Following dredging of Fison Channel, water quality is likely to improve around the channel, as
deepening the channel will reduce the current disturbance of bottom sediments from boating
activities (particularly large passenger and vehicle ferries).

The conceptual masterplan has been revised to reduce indirect impacts on marine fauna by
reducing the number of marina berths from up to 400, which are permitted under the Toondah
Harbour PDA Development Scheme, to approx. 200.

Significant effort has been invested in the planning and design of the project to minimise
impacts on the marine environment and integrate the development with the aesthetic and
environmental values of the Moreton Bay Ramsar Wetland. This is achieved through the
adoption of ‘wise use’ principles and good practice achieved by successful wetland
developments globally. The Project will set out to achieve best practice wetland conservation,

education and eco-tourism.

In addition, a number of industry standard measures will be put in place to mitigate these
impacts, including:

8 Using the project footprint for any temporary construction and storage;
8 Incorporating structures that provide valuable habitat for fish in the design;
§ Identifying and managing acid sulfate soils and other contaminants;

8§ Using temporary enclosures (e.g. complete enclosures such as sheet piles) to reduce the
intensity and spatial distribution of turbid plumes during construction;

§ Installing any temporary enclosures at low tide to minimise the number of marine vertebrates
caught in the area;

§ Catching any animals that are trapped in the enclosures and releasing them in appropriate
habitat outside the area;
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8 Using trained marine mammal and turtle spotters prior to commencement of excavation and
dredging activities and appropriate management tools to avoid impacts to them (e.g. triggers for
cessation of excavation or dredging works);

8 Developing turbidity and suspended solids thresholds and appropriate management (e.g.
triggers for ceasing works) for seagrass and corals and monitoring water quality during
construction;

8 Avoiding disturbance of sediment and / or soils during important periods of reproduction for
coral and seagrass (e.g. late spring and summer);

§ Minimising litter, waste and the use of hydrocarbons and other chemicals;

8 Following national and international best practice standards, including Australian standards
relating to antifouling paints and contaminants, Nature Conservation (Wildlife Management)
Regulation 2006, vessel and vehicle management and site management strategies and fuel
storage and handling activities outlined in AS1940;

§ Implementing environmental management plans, including a Marine Fauna Management
Plan, Stormwater Management Plan, Sediment and Erosion Management Plan, Waste
Management Plan, Weed Management Plan and Spill Management Plan; and

§ Monitoring changes in seagrass and coral communities to determine any potential impacts.
With the use of appropriate mitigation measures, potential impacts to aquatic habitats and
communities are likely to be of low significance, other than the direct impacts to marine plants
and soft sediment within the footprint, and changes to water quality and soft sediment
communities within the dredging and reclamation area.

2.6.3 Do you consider this impact to be significant?

No

2.7 Is the proposed action to be taken on or near Commonwealth land?

No

2.8 Is the proposed action taking place in the Great Barrier Reef Marine Park?

No

2.9 Is the proposed action likely to have ANY direct or indirect impact on a water
resource related to coal/gas/mining?

No
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2.10 Is the proposed action a nuclear action?

No

2.11 Is the proposed action to be taken by the Commonwealth agency?
No

2.12 Is the proposed action to be undertaken in a Commonwealth Heritage Place
Overseas?

No

2.13 Is the proposed action likely to have ANY direct or indirect impact on any part of the
environment in the Commonwealth marine area?

No
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Section 3 - Description of the project area

Provide a description of the project area and the affected area, including information about the
following features (where relevant to the project area and/or affected area, and to the extent not
otherwise addressed in Section 2).

3.1 Describe the flora and fauna relevant to the project area.

All Flora and fauna relevant to the project area has been addressed through the assessment of
MNES including the Moreton Bay Ramsar Wetland and threatened and migratory species (see
Attachments 3 and 4 to this referral).

Terrestrial and marine ecology technical reports are provided as Attachments 5 and 6 to this
referral.

3.2 Describe the hydrology relevant to the project area (including water flows).

Hydrology

The site is located on the shore of Moreton Bay, away from major rivers or estuarine systems.
Consequently, the site is not affected by river flooding.

Being located on the coast, the site may be affected by storm surges. A storm tide hazard study
was commissioned by RCC in 2009 to determine storm tide risks in Moreton Bay. The study
determined that the 100-year planning level, taking into account storm surge and 0.8 metre sea
level rise, should be 3.4 m AHD. This level will be adopted for finished floor levels for the
Project.

It is possible that the proposed reclamation and channel dredging could affect coastal currents
in the area. Potential impacts will be assessed through detailed hydrological modelling the
scope of which will be discussed and agreed with DoEE prior to being carried out.

Existing Water Quality

Three turbidity loggers have been installed at and around Toondah Harbour since September
2015 to provide an indication of baseline water quality. Data collected between 9 September
2015 and 22 September 2017 was summarised and provided as Attachment 7.

The mean turbidity over the 24 months of sampling was 20.6 NTU, 30.5 NTU and 12.6 NTU at
sites 1, 2 and 3 respectively with 95th percentiles of 74.9, 100 and 40.4. Overall, turbidity was
generally highest during the wetter seasons of late spring and summer at all sites. During the
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wet season, sediment-laden runoff and resuspension of sediments by strong winds can lead to
a reduction in water clarity.

Water quality in Queensland is protected under the Environmental Protection (Water) Policy
2009 (EPP (Water)) using Water Quality Objectives (WQOs). The Moreton Bay Environmental
Values and Water Quality Objectives (June 2010) specifies a WQO for the project area for
turbidity of 5 NTU. The median turbidity at all three sites over the 24 months (7.8 NTU to 11.1
NTU) exceeded the WQO.

Stormwater Management

Most stormwater runoff from the site is currently not captured or treated and enters Moreton Bay
through overland and open channel flow, discharging either to the south into a mangrove area,
or to the east through GJ Walter Park. Stormwater within the Project area will be captured and
treated to meet best practice water quality requirements.

Within the reclamation area, stormwater would be managed through a combination of kerb and
channel, pit and pipe and open channel drainage. Stormwater runoff will be discharged into the
marina, Fison Channel, or along the new eastern shoreline. It is planned that Water Sensitive
Urban Design (WSUD) features, such as constructed wetlands vegetated swales and/or in-pipe
gross pollutant traps (GPT), will be incorporated into the stormwater management system for
the development.

A Stormwater Quality Management Plan (SQMP) will developed for the site providing a
conceptual assessment and plan of site runoff and how it will achieve stormwater quality
management objectives during the operational phase of the development. Stormwater quality
objectives for sites in Queensland are highly regulated and governed by the State Planning
Policy (DSDIP 2013). Specific performance criteria include:

8 80% reduction in total suspended solids;
8§ 60% reduction in total phosphorus;
8 45% reduction in total nitrogen; and
8 90% reduction in gross pollutants.
Load reductions will be met and exceeded using a combination of public education and Water
Sensitive Urban Design (WSUD) measures such as bioretention basins. Stormwater treatment
modelling software such as MUSIC will be used to assess the generation, transportation and
treatment of flows and pollutant loads from the site and ensure the reduction criteria will be met.
Education has significant potential to decrease pollutant loads at the source and increases

people’s understanding and acceptance of water quality issues and stormwater treatment
devices. It is proposed that signage be installed at appropriate locations (e.g. adjacent to
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proposed bioretention basins).

Such features will be developed further through the design process with the intention of
protecting the environmental characteristics of the Moreton Bay Ramsar Wetland and achieving
applicable water quality objectives consistent with the Moreton Bay environmental values and
water quality objectives (State of Queensland, 2010) pursuant to the Environmental Protection
(Water) Policy 2009.

3.3 Describe the soil and vegetation characteristics relevant to the project area.

The referral area is located in an area of known high risk of ASS presence. A significant volume
of marine sediment will likely be dredged and used as reclamation material. The dewatering
activities proposed may also generate acidic water with potential resulting risks to the adjacent
environment if not treated properly.

Prior to any works occurring, a detailed assessment of the sediments within the project footprint,
including the Fison Channel, will be undertaken for both potential contaminants and ASS in
accordance with the relevant guidelines including the National Assessment Guidelines for
Dredging 2009. Following the investigation, management plans describing the management of
potential contaminants (if identified) and ASS will be prepared prior to any construction activities
commencing.

ASS will be managed in accordance with the latest version of the Queensland Acid Sulfate Soil
Management Guidelines.

3.4 Describe any outstanding natural features and/or any other important or unique
values relevant to the project area.

All outstanding natural features present at the site are related to the Moreton Bay Ramsar
Wetland. This includes:

Marine Fauna Habitat - 21 migratory marine species were listed as potentially occurring within 5
km of the proposed project using the protected matters search tool. Twelve of these species are
also listed as threatened under the EPBC Act. Of the listed migratory species, loggerhead
turtles, green turtles, Indo-Pacific humpback dolphins and dugong are highly likely and hawksbill
turtles are moderately likely to occur in or near the PDA. While potential habitat for these
species is located at Toondah Harbour similar or better habitat is present throughout Moreton
Bay.

Estuarine/Intertidal Areas — The PDA contains moderate to minor presence of estuarine and
intertidal habitats including sparse seagrass beds, a small area of mangroves and mud flats
providing feeding habitat for migratory shorebirds. The PDA contains less than 0.001% of the
total area for these habitat types in Moreton Bay.

Migratory shorebird Habitat — The PDA area contains intertidal feeding habitat for a number of
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migratory shorebirds including the critically endangered Eastern Curlew, the critically
endangered Great Knot and the vulnerable Bar-tailed Godwit (Western Alaskan). Similar habitat
is found throughout Moreton Bay with the site providing less than 0.001% of this habitat type.
Two high tide roost sites are located adjacent to the PDA being the Nandeebie Claypan and
Cassim Island. These areas are recognised as having high importance to shorebirds in the
region and site design and management will focus on avoiding any permanent or long term
impacts to these areas.

3.5 Describe the status of native vegetation relevant to the project area.

The Toondah Harbour PDA contains patches of vegetation currently mapped by the
Queensland Government as remnant vegetation of the following two regional ecosystems
(RESs), both of which have a ‘least concern’ status under the VM Act:

8 RE 12.1.2 (Saltpan vegetation including grassland, herbland and sedgeland on marine clay
plains); and

8 RE 12.1.3 (Mangrove shrubland to low closed forest on marine clay plains and estuaries).

3.6 Describe the gradient (or depth range if action is to be taken in a marine area)
relevant to the project area.

The existing land areas have elevations up to approximately 3 m AHD, gradually grading
downwards to the eastern coastline. The tidal area of the PDA ranges in depth up to -1 m AHD
(+0.25 m LAT); much of this area is exposed at low tide.

Fison Channel is relatively shallow, with depths of approximately -1.5 m LAT. Maintenance
dredging target depths for the channel are -2.5m LAT.

3.7 Describe the current condition of the environment relevant to the project area.

At Toondah Harbour, previous land reclamation and dredging activities have altered the
topography and coastline considerably. Part of the referral area under tidal waters and a
broader area within the Bay were subject to a coral dredging lease in favour of Queensland
Cement Limited until the 1990s.

The aquatic ecological field survey found that the habitats within the Moreton Bay Ramsar
Wetland at Toondah Harbour were of varying quality and condition.

The mangrove forests along the foreshore within the referral area are highly disturbed. These
mangrove forests receive local runoff from developed areas and litter was caught in the roots
and along the shoreline. The mangroves along the shoreline and to the east of the PDA were in
fair condition with evidence of insect damage.
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The areas of intertidal and sub-tidal, unvegetated mud and sand habitat around Fison Channel
are extremely disturbed by frequent boat and ferry traffic, with wash affecting exposed areas at
low tide. The rest of the area is moderately disturbed, with runoff from developed areas and
impacts due to recreational use.

There has been some disturbance of the seagrass meadows by recreational boat traffic and
wash from ferries on the southern section adjacent to the channel. The seagrass meadows are
in good condition, although there is some epiphytic algal growth on the leaves.

The saltmarsh near (but outside of) the referral area is highly disturbed, receiving runoff from
developed areas along the foreshore. Rubbish was found throughout.

3.8 Describe any Commonwealth Heritage Places or other places recognised as having
heritage values relevant to the project area.

No Commonwealth Heritage Places are located on or adjacent to the site.

The Queensland Heritage Act 1992 (QH Act) protects historical (non-Indigenous) heritage that
is of known or potential State significance, including archaeological remains and shipwrecks,
and establishes the Queensland Heritage Register (QHR). A search of the National Shipwrecks
database indicates that there are no known shipwrecks within 1km of the PDA. A search of the
QHR indicates that there are seven State heritage sites in proximity to the Toondah Harbour
PDA.

One of these, Fernleigh (SHR# 601374), is located within the PDA. An early residence with an
external kitchen (formerly the Cleveland school) Fernleigh is situated on Shore Street, across
allotments 14/C14563, 15/C14563 and 16/C14563. The proposed development does not impact
on Fernleigh. There are a further three State listed sites adjacent to the PDA: St Pauls Anglican
Church (SHR# 600769), the Grandview Hotel (SHR# 600771), and Cleveland Hotel (former)
(SHR# 601130). Finally, there are three State heritage sites located within 500m of the PDA:
Cleveland Police Station and Court House (former) (SHR#601933), Norfolk Island Pine Trees
(SHR#602181) and Ye Olde Court House Restaurant (SHR#600770). The proposed
development does not impact on any state listed sites in the vicinity of the PDA.

In addition to these registered heritage places, there is also potential for archaeological remains
of state significance to be located in this area. Cleveland was an important wool trade port
during the first half of the 19th century, boasting its own customs house, wool stores and stone
jetty. There is the potential for remains of this early port activity, as well as of the daily lives of
Cleveland’s inhabitants, to be preserved in and around the PDA.

The QH Act also protects local heritage places in conjunction with the Planning Act 2016 and
local planning schemes, in this case the Redlands Planning Scheme. While the PDA
supersedes the local planning measures, it should be noted that the Toondah Harbour PDA
encompasses a local heritage place, GJ Walter Park, and part of the Cleveland Point Character
Precinct, which are not part of the development proposal.
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3.9 Describe any Indigenous heritage values relevant to the project area.

Toondah Harbour is located in the traditional lands of the Koobenpul peoples, a coastal tribe of
the Jagera language group who spoke Jandai and whose territory extended from the mouth of
the Brisbane River to Redland Bay. The Aboriginal Cultural Heritage Act 2003 (ACH Act),
administered by the Department of Aboriginal and Torres Strait Islander Partnerships (DATSIP),
provides for the recognition, protection and management of Aboriginal cultural heritage.

A search has been undertaken of the Cultural Heritage Register to identify any known places,
areas or objects of Indigenous or cultural heritage significance within the project area. No
registered Aboriginal Cultural Heritage places were identified in the project area or environs
through this search; however, this may be due to lack of survey information rather than the
absence of Aboriginal cultural heritage.

The general duty of care under the ACH Act applies to any activity where Aboriginal cultural
heritage is located regardless of whether or not it has been identified or recorded in a database.
Land users must take all reasonable and practicable measures to ensure their activity does not
harm Aboriginal cultural heritage. Potential remains for sub-surface Aboriginal archaeological
objects to exist along the original coastal foreshore area.

On 8 March 2017, Queensland South Native Title Services submitted the Quandamooka Coast
Claim (QC2017/004) with the National Native Title Tribunal. The claim area includes the
Toondah Harbour PDA.

The native title party has successfully registered a cultural heritage body for the area as per the
ACH Act. The Quandamooka Yoolooburrabee Aboriginal Corporation RNTBC Pty Ltd is now the
registered Cultural Heritage Body for the area, and is the first point of contact for cultural
heritage matters.

A Cultural Heritage Management Plan (CHMP) for the project will be developed under Part 7 of
the ACH Act during the EIS process.
3.10 Describe the tenure of the action area (e.g. freehold, leasehold) relevant to the

project area.

The development footprint comprises freehold land and State land including leasehold, reserve
and unallocated state lands.

It is understood that the state land is to be vested in Economic Development Queensland
(EDQ). In order for this to occur, EDQ has indicated that it intends to:

8 negotiate an ILUA with the native title party;
§ prepare interim leases/licences for current lessees (operators, RCC) during tenure

conversion and future leases/licences for new ferry terminal area as appropriate to ensure no
interruption to ferry operating services;
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§ ensure that all state land that is currently held in trust or is the subject of a lease will be
converted to appropriate tenure before it is made available to Walker for the purposes of the
Project; and

8 seek a Development Lease under the Land Act 1994 to facilitate construction of the marina
and land reclamation activities on state land below high water mark, with a view to obtaining the
freehold over reclaimed land at the completion of the works.

EDQ expects to maintain continuous ownership of the State land, including the reclamation
area, throughout the construction phase of the Project.

The developed lots that are reclaimed land will eventually be transferred to private purchasers,
with the exception of the ferry terminals and car parking which will be transferred to the
ownership of Redland City Council and the foreshore park and road reserves which will be State
reserves managed by Council.

The marina will be sold out of state ownership into private ownership either en globo or as a
strata subdivision lot by lot.

3.11 Describe any existing or any proposed uses relevant to the project area.

The existing land uses within the Toondah Harbour PDA include:

8 GJ Walter Park, which includes fields, play space and an unfenced) off leash dog park;

8 commercial passenger and vehicle ferry operations and associated car parking;

§ a disused dredge material spoil pond;

8 public boat ramp;

8 former council office facilities subject to a short term lease by a private trade college; and

§ existing privately-owned low and medium density residential development, which is not part of
the development proposal.

Large areas of surface car parking dominate the southern part of the PDA, while the green
space of GJ Walter Park dominates the northern portion.

Fison Channel provides access for ferries and water taxis which operate between the mainland
and North Stradbroke Island.

The proposed use is the Toondah Harbour Development as outlined in this referral.
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Section 4 - Measures to avoid or reduce impacts

Provide a description of measures that will be implemented to avoid, reduce, manage or offset
any relevant impacts of the action. Include, if appropriate, any relevant reports or technical
advice relating to the feasibility and effectiveness of the proposed measures.

Examples of relevant measures to avoid or reduce impacts may include the timing of works,
avoidance of important habitat, specific design measures, or adoption of specific work
practices.

4.1 Describe the measures you will undertake to avoid or reduce impact from your
proposed action.

Management measures specific to the various MNES that have the potential to be impacted by
the action are outlined throughout this referral. In addition to these measures, it is expected that
further detailed studies will be carried out as part of the controlled action assessment process.
These studies will provide a more detailed analysis of the existing environment and impacting
processes and it is expected that the design of the project site included in this referral will be
modified in response to these studies

Key studies proposed are outlined below. These studies or expected to be mandated through
tailored guidelines issued as part of the EPBC Act controlled action assessment process.

Wise Use through Design

The definition of ‘wise use’ was adopted by the Ramsar Parties in 1987 and updated in 2005 to
state, ‘wise use of wetlands is the maintenance of their ecological character, achieved through
the implementation of ecosystem approaches, within the context of sustainable development

Ramsar Handbook 1 Wise Use of Wetlands (4th edition) indicates that the phrase “within the
context of sustainable development” is “intended to recognise that whilst some wetland
development is inevitable and that many developments have important benefits to society,
developments can be facilitated in sustainable ways by approaches elaborated under the
Convention”. The concept further allows for compromises (“trade-offs”) and notes, “adequate
and sustainable financing for wetland conservation and wise use is essential and this can be
helped by the use of innovative financial instruments and partnerships between those sectors
and stakeholders outside the Ramsar Convention who might not have worked together on
wetland issues in the past”.

Ramsar Convention Guidance on marine and coastal area management (the guidelines)
acknowledges, “human use on a sustainable basis is compatible with Ramsar principles and
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wetland conservation in general”. Human integration with Ramsar wetlands has the potential for
significant benefits including education, conservation, mitigation of and adaption to climate
change, and the prevention of disease and natural disaster as long as development is
implemented utilising the ‘wise use’ concept.

The wise use concept under the Ramsar Convention sets out to maintain wetland values and
functions, while at the same time delivering services and benefits now and into the future, for
human well-being. The ‘Ramsar Convention guidance on marine and coastal area
management’ outlines a number of values, functions, goods and services generally supplied by
Ramsar and coastal wetlands. These include:

§ Maintenance of existing coastal processes including physical, biological and chemical
processes;

§ Mitigation of impacts of natural hazards, pollution, and flooding;
§ Mitigation of, and adaptation to, impacts of climate change and sea-level rise;

8 Providing goods vital for the health, safety and welfare of local populations and services
(such as water transport); and

8 Important reservoirs of high species biological diversity, including migratory and non-
migratory species and threatened species.

The convention guidance highlights the need to ensure stakeholder participation in conservation
and wise use of coastal wetlands. Measures identified include involving local communities and
indigenous peoples that have customary rights or tenure in coastal wetlands, and implementing
educational programmes that would increase the understanding of the need to protect and
conserve coastal wetlands, and their values and functions.

In Australia, Ramsar Wetlands provide the following ecosystem components, processes and
benefits:

§ Supporting the diversity and abundance of plants and animals, and providing important
habitat and refuges for many migratory, rare or threatened species;

8 Forming part of the natural hydrochloric cycles, providing water passage and storage and the
recharge of aquifers;

8 Nutrient cycling and improving water quality by trapping nutrients and sediments;

8 Flood mitigation and providing coastal protection against destructive natural events, such as
cyclones;

8 Supporting species to adapt to the effects of climate change by providing refuge and
landscape connectivity;
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8 Contributing to the sequestration and storage of carbon, to mitigate against climate change;

8§ Contributing to Australia’s economic productivity by providing essential water sources for
agricultural, urban and industrial uses, vital breeding, nursery and harvest sites for edible fish,
molluscs and crustaceans, brood-stock for aquaculture and areas of pastures for stock;

§ Contributing to cultural heritage, spiritual values and day-to-day living of Aboriginal and
Torres Strait Islander people; and

§ Contributing to the well-being of people through landscape diversity, heritage values,
aesthetic appeal and recreation.

(Sourced from the Australian governments Wise Use of Wetlands in Australia Fact Sheet)

The ecological character of the Moreton Bay Ramsar Wetland, including land, water and living
resources, have been considered through the master planning process of the Project. The
conceptual masterplan has evolved with an emphasis on the ecological enhancement and
appreciation of the wetland based on advice from wetland experts and government feedback.

Key themes that have been considered in revising the proposed project include:

§ Conservation — The Project has been revised to reduce its potential impact on the wetland to
the extent possible and incorporate the character of the surrounding wetland in its design, while
ensuring essential water transport services can be delivered safely and efficiently and the
government’s objectives for economic and community development of the Toondah Harbour
PDA are achieved. Further, the Project will include measures to protect the overall values of the
wetland including minimum 250m buffers to high tide roost sites and creation of new intertidal
conservation area that will be protected from anthropogenic influences. Offsets for impacts to
the Ramsar wetland will also be investigated including the potential to incorporate new areas
into the wetland to compensate for reclamation areas.

8 Education — The Ramsar Convention emphasises the importance of education in
conservation, having developed their own Capacity building, Education, Participation and
Awareness (CEPA) program. This idea will be embraced at Toondah Harbour with the concept
of an education/interactive centre in the development with wetland and cultural themes and
activities, together with the Conservation Park, educational signage, public art, walking and
kayak trails and bird hides.

§ Community welfare and economic transition — Redland City, and particularly North
Stradbroke Island (Minjerribah), are undergoing a fundamental change to their economy. In
2016, the Queensland Government legislated to phase out sand mining on the island by 2019.
An economic transition strategy is in place that is aimed at expanding the Island’s other
industries, to ensure a strong sustainable outcome for the community. As the regional gateway
to North Stradbroke Island and Moreton Bay and a proposed tourism hub, the Project will
support the economic transition from sand mining to eco-tourism. The Project will also offer
construction jobs (estimated 1,000 construction related jobs each year during the construction
phase) and prospects for permanent job opportunities after its completion (500 jobs each year).
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8 Traditional owner involvement — On 8 March 2017 Queensland South Native Title Services
filed the Quandamooka Coast Claim (QC2017/004) over 530 km2 of coastal areas and islands
in Moreton Bay, including the Toondah Harbour area. The claim was registered by the National
Native Title Tribunal from 12 May 2017. The native title party has registered a cultural heritage
body for the area under the Aboriginal Cultural Heritage Act 2003, namely the Quandamooka
Yoolooburrabee Aboriginal Corporation (QYAC). QYAC will lead the cultural heritage survey
work for the Project and provide technical input to the EIS process. In addition, the Project will
provide a significant business opportunity for indigenous tourism and sharing of cultural
awareness (for example, via the wetland education and cultural centre, appropriate
interpretation, public art and authentic traditional cultural experiences). It will also deliver an
improved stepping off point to North Stradbroke Island (Minjerribah) and the ‘Quandamooka
Coast’, which are ideally placed to become world-leading indigenous tourism destinations.

§ Coastal processes and hazards - A series of interconnected waterways, sheltered coves and
wetland edges providing wet berths and marine facilities have been incorporated into the design
not only to better integrate the development with the surrounding wetland but to mitigate against
the impacts of coastal processes and sea-level rise. Newly created intertidal conservation areas
have the potential to provide refuge for flora and fauna during natural hazards and in the event
of sea level rise. Detailed hydrodynamic modelling will be carried out as part of the EIS process
to further inform the design and maintain existing coastal processes in Moreton Bay.

In addition, key infrastructure items at Toondah Harbour need to be replaced or renewed. This
requires substantial investment, and the State Government and Redland City Council have
determined that the way to fund those infrastructure works is through redevelopment of the
Toondah Harbour PDA. The development proposal within the PDA allows for the necessary
improvement of the harbour and marine facilities, which is well overdue.

Site Level Assessment of Ecological Character

An ecological character description (ECD) is being prepared by the State Government for the
Moreton Bay Ramsar Wetland. In the absence of a formal ecological character description for
the site, this referral has defined the key ecological features of the Moreton Bay Ramsar
wetland to be the environmental values that contribute to the listing criteria of the site (refer to
Attachment 3). Further studies will be carried out early in the environmental impact assessment
process to develop an understanding of the features critical to the ecological character of
Toondah Harbour and the surrounding area at a site level, within the context of the wider
Moreton Bay Ramsar Site.

The site level assessment will follow the approach outlined in the National Framework and
Guidance for Describing the Ecological Character of Australian Ramsar Wetlands (DEWHA,
2008). It will include a multi-disciplinary approach to conduct an initial evaluation of the
ecological components, ecosystem processes and ecosystem services/benefits with information
drawn from the Draft Moreton Bay Ecological Character Description, site-specific ecological
studies, as well as empirical data and other sources.
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Specific activities will include:

8 Identification of critical ecological components including physical form, soils and substrates,
biota and physico-chemical components;

§ Identification of critical ecosystem processes including climate, geomorphology, hydrology,
energy dynamics, physical processes, species interactions, and nutrient/biogeochemical
cycling;

§ Identification of critical ecosystem services/ benefits including provisioning, regulating,
cultural and supporting services and linkages with specific beneficiaries; and

8 Brief rationale for defining each of the elements as ‘critical’.
Attachment 3 of this referral provides a preliminary assessment of these features however, it is
envisaged this will be further refined and detailed in consultation with DoOEE and environment

and wetland experts. The site level assessment of ecological character will then form an integral
component of the EIS process.

Dredging Requirements and Sediment Analysis

Detailed assessment of all sediments to be dredged will be carried out including:

§ Quantification of the amount of material be dredged and a map of the dredge footprint
including proposed staging of dredging activities;

8 Assessment of sediment according to the National Assessment Guidelines for Dredging 2009
(NAGD) including an assessment of the suitability of this material for land deposition and
reclamation and offshore disposal at any proposed dredged material disposal ground;

8 Assessment of the risk and potential impacts of acid sulfate soils (ASS) and potential acid
sulfate soils (PASS);

§ Consideration of potential impacts of mobilised sediments (e.g. metal or contaminant
release);

8 Details of future maintenance dredging requirements over the life of the project. It is expected
an on land disposal area will be incorporated into the development; and

8 It is expected that most of the dredged material will be used for the reclamation. However if
other disposal options are required, detailed evaluation of all potential onshore and offshore
disposal options will be carried out in accordance with the NAGD 2009 and Annex 2 of the 1996
Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and
other Matter, 1972 (as amended in 2006) (London Protocol) as part of the EIS process.
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Dredge Plume Modelling

Peer reviewed, predictive three dimensional modelling of indirect impacts of dredge generated
sediment will be carried out as follows:

8§ Hydrodynamic modelling;

§ Sediment transport modelling where the range of particle fractions are all modelled;

8 Modelling will include all types of resuspension possibilities including currents and wave-
induced bottom shear stresses as well as wave induced mud fluidisation. If not modelled a
justification as to why this phenomena was not relevant will be provided;

8 Ecological responses will be included in modelling where possible;

8§ The modelling will represent the conditions at the time of year in which the dredging will
occur; and

8 Modelling will include likely dispersion and resuspension from both dredging operations and

dredge material disposal (if relevant) during a range of probable hydrodynamic conditions,
weather events and expected dredge equipment scenarios.

Reclamation

Detailed assessment of the impacts of the proposed reclamation on Moreton Bay will be carried
out. Impact assessment will include direct and indirect impacts to ecological features such as
seagrass beds, intertidal habitats and roost sites as well as changes to hydrodynamic and
coastal processes. Information provided will include:

§ The boundary of the land to be reclaimed, tied to real property boundaries;

8 The location of the line of mean high water spring tide and highest astronomical tide in
relation to the area of reclamation;

§ Existing levels of the land and proposed final levels of reclamation in relation to the lowest
astronomical tide (LAT) or Australian Height Datum (AHD);

8 Location of marine plants and species habitat within the land to be reclaimed;

8§ Typical cross section across the land to be reclaimed showing the proposed finished levels
and method of protecting the seaward boundary of the reclamation from erosion;

8 Discussion of how the land reclamation may affect the current erosion and deposition



, Submission #3360 - Toondah Harbour Development
B Australian Government

Department of the Environment and Energy

patterns in terms of changes to the low water mark of the Moreton Bay Ramsar Wetland;

8 Discussion of the impacts to the roosting sites (sand bars) at Cassim Island and the
Nandeebie Claypan due to potential hydrological changes from dredging and land reclamation.
Impacts to other ecologically sensitive areas will also be addressed once modelling has been
completed including intertidal habitat and marine vegetation; and

8§ Three-dimensional modelling of the impacts of the land reclamation on the current sediment
transport and hydrodynamic patterns within Moreton Bay.

Preliminary modelling will be carried out early in the assessment process to inform design of
reclamation and other over water areas. The goal of this modelling will be to provide a high-level
evaluation of the impact of the conceptual development proposal on the tidal, storm and
sediment dynamics at and provide an initial evaluation of the presence of critical ecosystem
processes at and around Toondah Harbour as elements of the ecological character of the area.

In addition the following details will be considered during the design of the reclamation and
resulting impacts assessed:

8 Quantities and quality of tail water likely to be generated from dredging activities and the rate
of their discharge;

8 The settling rate of fine sediments from all dredge material types;

8 Where relevant the residence time within settling ponds prior to discharge (related to dredge
pumping rate, ratio of solids to water in the dredged material, settling rates, available capacity of
the disposal and settling areas, potential bulking factor, intensity and duration of rainfall events

with consideration given to the worst case scenario for these factors); and

8 The source of material for bunds and bund wall stability.

Ecological Studies

While initial terrestrial and marine ecology studies have been completed for the referral, a more
detailed assessment will be carried out as part of the controlled action assessment process
encompassing all areas that may be affected by the action. Additional ecological studies will
include the following information:

8 Provide information on listed threatened and migratory species, including foraging, roosting,
resting and nesting habitats, must include but not be limited to:

o describe and map critical habitat for threatened species, ecological communities and
migratory species;

o the importance of habitat in a local, regional, national and international context;
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0 the status of the population (e.g. abundance) in the area likely to be affected by the
proposed development relative to other areas outside the area likely to be affected;

0 genetic diversity;

o the viability of the local, regional and overall populations;

o local and regional representation;

0 conservation and biodiversity values;

0 economic, social and cultural values of species;

o the extent (in hectares) of any areas of important or unique habitat; and
0 seasonality influences:

8 Provide a description of biota/biotic habitats, including a map of marine/intertidal habitats
(including information on seasonal fluctuations e.g. seagrass prevalence), likely to be affected
by the proposed development;

§ Identify, describe and map reef communities and those species supported by reef
communities in areas likely to be affected by the proposed development, including information
on species diversity and abundance;

8 Identify, describe and map seagrass communities in areas likely to be affected by the
proposed development, including information on species diversity, seasonality and abundance;

§ Identify, describe and map soft sediment fauna communities (e.g. infauna, benthic
invertebrates) in areas likely to be affected by the proposed development, including information
on species diversity, seasonality and abundance; and

8 ldentify and describe the existing uses of the area and nearby areas that may be affected by
the proposed action (for example; tourism, commercial and recreational fishing, research and
traditional use activities).

Direct and indirect impacts to MNES will be assessed from construction to on-going use of the
area as a marine transport hub, and for a marina and urban development using information
obtained through the above studies. Impact assessment will include a detailed analysis of any
effects on the ecological character of the Moreton Bay Ramsar Wetland by building on the
assessment carried out for this referral (refer to Attachment 3). It is expected that the Method
for Assessing Impacts on the Ecological Character of Moreton Bay Wetland will be modified in
consultation with DoEE to ensure all potential impacts are addressed adequately. Impact
assessment will include consequential and cumulative impacts on the Project area and Moreton
Bay.

As previously stated , the development footprint, construction methodology and ultimate
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uses of the different components of the development may be modified as a result of
detailed assessment to ensure indirect impacts are minimised and mitigated.

Management Measures

Detailed assessment will include information on avoidance measures, proposed safeguards and
mitigation measures to deal with the impacts of the action. Environmental management will
meet or exceed industry standard and will include the following elements:

8§ Identify the level of risk associated with potential impacts identified and those that require
mitigation, monitoring or management to avoid or reduce impacts to an acceptable level;

8 A consolidated list of measures proposed to be undertaken to avoid, prevent, minimise or
manage the impacts of the action;

§ Particular focus will be given to:

o0 determining factors in the planning of the proposal so as to avoid damage to the
environment;

0 measures to avoid or minimise damage to the character of the Moreton Bay Ramsar
Wetland;

o articulating conservation objectives for individual MNES with a focus on receptors;
o describing how this project is likely to contribute to protection of MNES;

o outline how any avoidance, safeguards, management and mitigation measures will increase
resilience of the environment, ecosystems and MNES within the region;

0 demonstrate how impact management and mitigation measures would ensure that MNES in
the affected region are maintained or improved,;

o characterise, quantify and address uncertainties that may affect the effectiveness of
management measures and therefore on the confidence that biodiversity values would be
maintained (or improved) during and after the project;

0 measures to avoid or minimise disturbance to fauna and flora found around and within the
proposal area (particularly listed threatened species and communities and listed migratory
species);

o0 management of the dredged material during the loading of the dredged material,

0 management strategies for dredging, loading and dredged material disposal, including
trigger levels for management actions linked to quantitative measurements of water quality and
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Benthic Primary Producer Habitat (BPPH) based on baseline data;

0 management of disposal for reclamation-based dredge material, including how water quality
will be monitored and managed to ensure that water quality objectives for this area are achieved
and the environmental values of the connected surface water and groundwater are maintained,
and.

§ An outline of an environmental management plan that sets out the framework for continuing
management, mitigation and monitoring programs for the impacts of the action.

Environmental Benefits

While it is acknowledged offsets cannot be considered as part of the referral they provide an
additional tool that can be used during project design and the environmental impact assessment
process to ensure a project provides an overall benefit to any MNES impacted. A detailed
offsets package will be developed through the controlled action assessment process however
Walker Group have held discussions with a number of stakeholders to identify a range of offset
measures to be put in place as part of the project. These measures may include:

8§ Identifying new conservation areas using the following criteria:
0 Be located within or adjacent to the Moreton Bay Ramsar Wetland;
o New areas should contain similar characteristics to those impacted; and

o Conservation outcomes associated with the new areas must be achievable and have an
acceptable level of risk of success;

§ Investigating the possibility of modifying the Ramsar wetland boundary to designate new
areas of shorebird bird habitat to the Ramsar site. This may include approximately seven
hectares of Moreton Bay south of the PDA, which contains features of high ecological value
such as mangroves and tidal flats. Tidal areas of Moreton Bay are owned and managed by the
State therefore; negotiations will be held with the relevant agencies to identify how this could be
accomplished;

§ Community ranger education and sponsorship programs to ensure active land and sea
country management in Moreton Bay;

8 A feral pest management program;
8 Programs for improving water quality from the adjacent catchment;
8 Various remediation and rehabilitation projects within and adjacent to the Moreton Bay

Ramsar Wetland. These could include management of mangrove incursion in Nandeebie
Claypan and rehabilitation of salt marsh south of the PDA. Further opportunities will be
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discussed with the community and relevant government agencies;

8§ Koala habitat tree planting in the PDA and surrounding koala movement corridors, and a
collaring and monitoring program;

8 Use of sea life friendly propellers for vessels using marina (potential Australia first);

8§ Development of a wetland centre within the development area;

8 Creation of new conservation park on eastern boundary with restricted access;

8 Implementation of bird hide/s in various areas;

§ Community awareness programs (koalas, birds, marine life, Aboriginal cultural heritage);

8§ Exploration of Moreton Bay fishing net buy back partnership; and

§ A pilot migratory shorebird offset in the Yellow Sea, which would address one of the key
reasons for a general decline in migratory birds in Moreton Bay.

4.2 For matters protected by the EPBC Act that may be affected by the proposed action,
describe the proposed environmental outcomes to be achieved.

The project is expected to impact on the following MNES:

1. Wetlands of international importance

2. Listed threatened species and ecological communities

3. Listed migratory species.

Further information regarding these impacts is provided in this referral. Walker has committed to
completing an environmental assessment as part of the approval process through which
impacts to MNES will be assessed and environmental outcomes determined (refer to the

response to section 4.1).

Where impacts to MNES or other environmental aspects are identified, these impacts will be
addressed in accordance with the following mitigation hierarchy:

8 Avoid — measures taken to avoid creating impacts from the outset;

8 Minimise — measures taken to reduce the duration, intensity and/or extent of impacts that
cannot be completely avoided,;

8 Rehabilitate / restore — measures taken to improve degraded or removed ecosystems
following exposure to impacts that cannot be completely avoided or minimised; and
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8 Offset — measures taken to compensate for any residual, adverse impacts after full
implementation of the previous three steps of the mitigation hierarchy.

Walker will explore the appropriateness of outcome-based conditions and advanced offsets as
part of the EIS process.
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Section 5 — Conclusion on the likelihood of significant impacts

A checkbox tick identifies each of the matters of National Environmental Significance you
identified in section 2 of this application as likely to be a significant impact.

Review the matters you have identified below. If a matter ticked below has been incorrectly
identified you will need to return to Section 2 to edit.

5.1.1 World Heritage Properties

No

5.1.2 National Heritage Places

No

5.1.3 Wetlands of International Importance (declared Ramsar Wetlands)
Wetlands of international importance - Yes

5.1.4 Listed threatened species or any threatened ecological community
Listed threatened species and communities - Yes

5.1.5 Listed migratory species

Listed migratory species - Yes

5.1.6 Commonwealth marine environment

No

5.1.7 Protection of the environment from actions involving Commonwealth land
No

5.1.8 Great Barrier Reef Marine Park

No

5.1.9 A water resource, in relation to coal/gas/mining

No
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5.1.10 Protection of the environment from nuclear actions

No

5.1.11 Protection of the environment from Commonwealth actions

No

5.1.12 Commonwealth Heritage places overseas

No

5.2 If no significant matters are identified, provide the key reasons why you think the
proposed action is not likely to have a significant impact on a matter protected under the
EPBC Act and therefore not a controlled action.

No world heritage properties occur in or near the referral area.

No national heritage places occur in or near the referral area.

The referral area is not located within or adjacent to the Commonwealth Marine Environment.
No Commonwealth land occurs in or near the referral area.

The referral area is not locacted in or near the GBRMP.

The referral does not relate to a water resource, in relation to coal seam gas development and
large coal mining development.

The referral does not relate to a nuclear action.

The referral does not relate to a Commonwealth action



, Submission #3360 - Toondah Harbour Development
: Australian Government

Department of the Environment and Energy

Section 6 — Environmental record of the person proposing to take
the action

Provide details of any proceedings under Commonwealth, State or Territory law against the
person proposing to take the action that pertain to the protection of the environment or the
conservation and sustainable use of natural resources.

6.1 Does the person taking the action have a satisfactory record of responsible
environmental management? Please explain in further detail.

Walker Group Holdings Pty Ltd is the party taking the action and has a satisfactory record of
responsible environmental management.

Lang Walker AO is the majority shareholder of both Walker Group Holdings and Walker
Corporation Pty Ltd, which was established in the 1960s and is one of Australia’s largest
private, diversified development companies.

Walker entities have developed more than 1,000 projects in all states and territories and in all
property sectors over a period spanning 50 years. Apart from three instances, outlined below,
the companies have a strong record of responsible environmental management.

6.2 Provide details of any past or present proceedings under a Commonwealth, State or
Territory law for the protection of the environment or the conservation and sustainable
use of natural resources against either (a) the person proposing to take the action or, (b)
if a permit has been applied for in relation to the action —the person making the
application.

Walker Group Holdings Pty Ltd has not been subject to proceedings under a Commonwealth,
State or Territory Law.

A subsidiary of Walker Group Holdings, Kew Development Corporation was subject to
proceedings under State law:

Kew Development Corporation Pty Ltd and Heritage Victoria:

In 2007 Kew Development Corporation (a Walker subsidiary) pleaded guilty to excavating within
a Tree Preservation Zone at its Kew Cottages site in Melbourne resulting in the damage to the
root of a tree. Kew Development Corporation was required to fund heritage tree protection
measures in Kew Cottage’s future stages. The tree was retained and is in good health today.

For transparency, Walker Corporation Pty Ltd has been subject to two proceedings under State
law:



, Submission #3360 - Toondah Harbour Development
: Australian Government

Department of the Environment and Energy

Director-General Department of Environment and Climate Change (NSW) Walker Corporation
Pty Limited:

Walker was found guilty of clearing native vegetation without development consent on land at
Picton Road, Wilton NSW on 14 May 2010.

Director-General Department of Environment and Climate Change (NSW) Walker Corporation
Pty Limited:

Walker was found guilty of clearing native vegetation without development consent on land at
Macquariedale Road, Appin NSW on 30 November 2011.

6.3 If it is a corporation undertaking the action will the action be taken in accordance with
the corporation’s environmental policy and framework?

Yes

6.3.1 If the person taking the action is a corporation, please provide details of the
corporation's environmental policy and planning framework.

Walker Group Holdings Pty Ltd is not a publicly listed company and therefore there are no
statutory requirements for it to have a formal environmental policy. However, in recognising the
value of the surrounding natural environment, Walker is committed to ensuring the proposal is
sustainable. All works will be controlled by conditions of consent associated with approvals
issued under Federal and State environmental law.

6.4 Has the person taking the action previously referred an action under the EPBC Act, or
been responsible for undertaking an action referred under the EPBC Act?

Yes

6.4.1 EPBC Act No and/or Name of Proposal.

On 25 November 2015, Walker Group Holdings Pty Ltd referred a proposed action to construct
a residential, commercial and tourism based development, ferry terminals, open space, and
marina at Toondah Harbour, located on the foreshore of Moreton Bay, Queensland (EPBC Act
referral 2015/7612). The referral was formally withdrawn on 4 May 2017.

On 11 May 2017, Walker Group Holdings Pty Ltd submitted a new referral for the Toondah
Harbour Project with a revised design and impact assessment (EPBC 2017/7939). The action
was determined a controlled action on 8 June 2017.

Other Walker entities have previously referred an action, specifically:

In 2009 Walker Corporation Pty Ltd lodged an EPBC referral for Precinct 1 of the
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Buckland Park Residential Subdivision and Development (EPBC 2009/4903). The action was
determined as not a controlled action.

In 2010 Walker Corporation Pty Ltd’s proposal to construct and operate a residential and
marina development in in Ralphs Bay, Lauderdale was refused (EPBC 2006/3193).

In 2013 Walker Group Constructions Pty Ltd lodged an EPBC referral for Precinct 2 of the
Buckland Park Residential Subdivision and Development (EPBC 2013/6947). The action was
determined as not a controlled action.

In May 2016, Banksia Grove Development Nominees Pty Ltd — a joint venture
arrangement in which Walker Corporation has an interest - sought a Prior Authorisation
Exemption under the EPBC Act for the Banksia Grove development in Perth, WA.

In May 2017, Walker Riverside Developments Pty Ltd submitted a referral for the
redevelopment of the Adelaide Festival Centre Plaza (EPBC 2017/7945). The action was
determined as not a controlled action.
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Section 7 — Information sources

You are required to provide the references used in preparing the referral including the reliability
of the source.

7.1 List references used in preparing the referral (please provide the reference source
reliability and any uncertainties of source).

Reference Source Reliability Uncertainties
Studds et al 2017. Rapid High NA
population decline in migratory

shorebirds relying on Yellow

Sea tidal mudflats as stopover

sites. Nature Communications

13 April 2017

Adaptive Strategies 2016. High NA
Method for identifying the

presence of OUV within the

Great Barrier Reef World

Heritage Area. Prepared for

Queensland Department of

State Development.

FRC Environmental 2017. High NA
Toondah Harbour Marine

Ecology Report.

BAAM 2017. Toondah Harbour High NA
Terrestrial Ecology Assessment
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Section 8 — Proposed alternatives

You are required to complete this section if you have any feasible alternatives to taking the
proposed action (including not taking the action) that were considered but not proposed.

8.0 Provide a description of the feasible alternative?
Alternative Location

The Toondah Harbour Development is unique based on its location, PDA status, tenure, history
and existing use of the area.

Toondah Harbour is an existing marine transport facility that provides access to North
Stradbroke Island for business, residents, and visitors.

The site has been subject to proposals dating back 50 years to develop a major boat harbour
for recreational vessels and a ‘harbour town’ development, while providing improved marine
transport facilities.

The Queensland Government declared Toondah Harbour a PDA in 2013 to accelerate
economic development at the express request of RCC. The subsequent joint tendering of the
underutilised public lands by RCC and the state government, and the execution of commercial
project agreements, further underline the unique nature of the Toondah Harbour Development.

Underutilised public land on Moreton Bay not designated as public parkland or nature reserve is
scarce in Redland City. This is a major constraint to tourism-supportive economic development
activity in the central part of the Bay. In addition, RCC purchased key parcels of freehold land
over a number of years for the express purpose of a development of Toondah Harbour.

The project is tied to the Toondah Harbour PDA, which was declared by regulation by the
Queensland Government in 2013. Walker Group responded to an expression of interest issued
by the State Government (EDQ) and RCC and the proposed action is consistent with the
government parties’ proposal for the Toondah Harbour PDA, which is aimed at facilitating
economic and community development. The project land is defined in the development
agreement and Walker does not have an alternative location option.

Additionally the Toondah Harbour PDA is an existing marine transport facility, which acts as the
base for barge and passenger ferry services to North Stradbroke Island. The existing pubic
navigation channel, the Fison Channel, and the swing basin and ferry berths are dredged
periodically without a requirement for an EIS process.

Reduced Footprint Options
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Of the land above high water mark (HWM) in the PDA, less than 10 hectares is publicly owned
and earmarked for development. This area includes the existing ferry terminals, associated car
parking, boat ramp, form CSIRO/Council facilities and a dredge spoil pond. The balance land in
the PDA is outside of the development footprint and includes GJ Walter Park and existing low
density residential development on privately owned land.

More than 40 percent of the project land above HWM constitutes the existing ferry terminals and
car parking. Staging and constructability of the development are key considerations given that
at no time during the construction phase can disruption to ferry services or net loss of public car
parking occur. Proposals for the areas development, past and present, have all involved
dredging and reclamation of Toondah Harbour to provide a platform for staging of new
development including the new marine transport facilities.

The current proposal envisages a balance of cut and fill so that the dredge material from the
marina and public navigation channel will be beneficially reused to create developable land,
open space and intertidal habitat. Early examination of options to transport the material for
offsite disposal in a marine or terrestrial environment were unviable and gave rise to significant
environmental issues and community impacts, which all parties are keen to avoid.

Without Project Option

The without project option would leave Redland City and the SEQ Region in the untenable
position that has persisted for many years at Toondah Harbour: poor amenity, safety and
operational issues, limited foreshore access, and dilapidated facilities that cannot cater for
existing peak demand. These conditions will not support or foster the desired and necessary
transition to ecotourism industry for North Stradbroke Island and Moreton Bay following the
cessation of sand mining in 2019.

8.1 Select the relevant alternatives related to your proposed action.

8.27 Do you have another alternative?

No
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Section 9 — Contacts, signatures and declarations

Where applicable, you must provide the contact details of each of the following entities: Person
Proposing the Action; Proposed Designated Proponent and; Person Preparing the Referral. You
will also be required to provide signed declarations from each of the identified entities.
9.0 Is the person proposing to take the action an Organisation or an Individual?
Organisation

9.2 Organisation

9.2.1 Job Title

General Manager Development

9.2.2 First Name

Peter

9.2.3 Last Name

Saba

9.2.4 E-mail

peter.saba@walkercorp.com.au

9.2.5 Postal Address

GPO Box 652

Brisbane QLD 4000

Australia

9.2.6 ABN/ACN

ABN

81001215069 - WALKER GROUP HOLDINGS PTY LIMITED

9.2.7 Organisation Telephone

07 3007 7400
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9.2.8 Organisation E-mail

peter.saba@walkercorp.com.au
9.2.9 | qualify for exemption from fees under section 520(4C)(e)(v) of the EPBC Act

because | am:

Not applicable

Small Business Declaration
At and Energy’s guidance in the online form

| have read the Department of the Envir : "
business entity and confirm that | qualify for a sma

concerning the definition of a s
business exemption.

....................................

Signature;

9.2.9.2 | would like to apply for a waiver of full or partial fees under Schedule 1, 5.21A of

the EPBC Regulations

No
9.2.9.3 Under sub regulation 5.21A(5), you must include information about the applicant

(if not you) the grounds on which the waiver is sought and the reasons why it should be

made

Person proposing the action - Declaration
. declare that to the best of my knowledge the

Peie) Sab o
information | have given on, or attached to the EPBC Act Referral is complete, current and

l,
correct. | understand that giving false or misleading information is a serious offence. | declare

that | am not taking the action on behalf of or for the benefit of any other person or entity.

I PQ—{-QJ' Sﬁb&\ , the person proposing the action, consent to the
' L\ diee= iy Ltd  as the proponent of the purposes of

designation of Walkec Groe@ \
the action describe in this EPBC Act Referral.

9.3 Is the Proposed Designated Proponent an Organisation or Individual?
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Organisation
9.5 Organisation
9.5.1 Job Title

General Manager Development
9.5.2 First Name

Peter

9.5.3 Last Name

Saba
9.5.4 E-mail
peter.saba@walkercorp.com.au
9.5.5 Postal Address

GPO Box 652

Brisbane QLD 4000
Australia

9.5.6 ABN/ACN

ABN
81001215069 - WALKER GROUP HOLDINGS PTY LIMITED

9.5.7 Organisation Telephone

07 3007 7400
9.5.8 Organisation E-mail
peter.saba@walkercorp.com.au

Proposed designated proponent - Declaration
the proposed designated proponent, consent to

. Pl Saba
' he proponent for the purposes of the action described in this

the designation of myself as t
EPBC Act Referral,
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ment

Organisation
9.8 Organisation

9.8.1 Job Title

Principal Environmental Scientist
9.8.2 First Name

Sam

9.8.3 Last Name

Maynard
9.8.4 E-mail

sammaynard@saundershavill.com
9.8.5 Postal Address

9 Thompson Street
Bowen Hills QLD 4006

Australia

9.8.6 ABN/ACN

ABN

9.8.7 Organisation Telephone

0732519434

9.8.8 Organisation E-mail

sammaynard@saundershavill.com

Referring Party - Declaration

: =3 L . /[ 7
Signature:....... é . ZZ .... e Date: . 5"/ s / T e

9.6 Is the Referring Party an Organisation or Individual?

24144972949 - Saunders Havill Group Pty Ltd
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, <o Maeuy \\c\rd\ , | declare that to the best of my knowledge the
information | have given on, or attached to this EPBC Act Referral is complete, current and
correct. | understand that giving false or misleading information is a serious offence.

Signature®_ 7. [PV D......... Dategﬁ’{‘sﬁ{ﬁ5 ...........
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Appendix A - Attachments

The following attachments have been supplied with this EPBC Act Referral:

1. 8444 referral_area v8.zip
2. att_1 - project_description.pdf
3. att_2 - pmst_output.pdf
4. att 3 - ramsar_wetland_assessment.pdf
5. att_4 - threatened_and_migratory_species_assessment.pdf
6. att_ 5 - marine_ecology_technical_report.pdf
7. att_6_- terrestrial_ecology_technical_report.pdf
8. att_7_ - water_quality_summary.pdf
9. att_7_- water_quality_summary_revised.pdf
10. figures.pdf
11. submissions-report-toondah-harbour.pdf
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Toondah Harbour Development Project Description

Background

In June 2013, the Queensland Government declared Toondah Harbour a Priority Development Area (PDA) under
the Economic Development Act 2012 (ED Act) at the request of Redland City Council (RCC). PDAs are parcels of land
within Queensland identified for specific accelerated development, with a focus on economic growth. The Minister
for Economic Development Queensland (EDQ) manages the planning of the Toondah Harbour PDA.

The location was identified by the state and local government on the basis that the area includes the existing marine
facility that serves as the base for water taxi, passenger and vehicular ferry services between the mainland and North
Stradbroke Island, as well as a public boat ramp for recreational vessels. More than a million passengers and 200,000
vehicles move through the port annually.

The PDA has a total area of 67.4 hectares, encompassing 17.9 hectares of existing land and 49.5 hectares of marine
and tidal environments, of which 42 ha overlaps with the Moreton Bay Ramsar Wetland. The area is of variable
ecological quality as Toondah Harbour has undergone historical disturbance with a large portion of the PDA
previously reclaimed from the 1960s onwards. The site continues to be disturbed by intermittent maintenance
dredging and vessel traffic associated with the existing barge and ferry terminals and public boat ramp.

In May 2014, the Queensland Government approved the Toondah Harbour PDA Development Scheme to guide
future land use, planning and development decisions in the PDA. The planning intent for the site is to reinforce
Toondah Harbour PDA’s role as a community destination and the regional gateway to Moreton Bay and North
Stradbroke Island. Further, the Queensland Government has committed to phasing out sand mining on North
Stradbroke Island by 2019 and expanding the island’s existing industries to ensure a strong, sustainable economy
for residents. The revitalisation of Toondah Harbour is important in supporting the economic transition of North
Stradbroke Island from sand mining to ecotourism.

The proposed redevelopment of Toondah Harbour is not a market led proposal - it did not originate from the private
sector or from the Proponent specifically. In June 2014, EDQ and RCC called for expressions of interest from the
private sector to redevelop public lands in the Toondah Harbour PDA. The Expression of Interest Information
Memorandum noted that there was 6.9 hectares of key developable land parcels included in the offering at Toondah
Harbour, with opportunity to develop land within the PDA below the High Water Mark. The information
memorandum stated, “Development within the PDA provides an opportunity to support economic development and
reinforce Toondah Harbour’s strong community identity and role as the gateway to Moreton Bay and North Stradbroke
Island. Development opportunities include mixed use, medium density residential, marine, tourism and retail based
development and the potential for a private berth marina, subject to relevant approvals.”

Additional infrastructure and public realm requirements were detailed as follows: “Proponents will pay infrastructure
charges for the development projects. However, in addition to the commercial elements of the project, proponents will
also be expected to contribute to the delivery of additional PDA wide infrastructure or improvements that are required to
realise the PDA vision and ensure the effective operating of the area as a transport and tourism hub. The government
parties are seeking to upgrade or implement the following items and proponents should consider how they would
contribute to the delivery of these items as an integral part of their proposals:

= the new waterfront plaza;
= provision for ferry terminals (minimum of two vehicle ferry terminals and two passenger ferry terminals);
= ticketing and information centre associated with the plaza;
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= capital dredging to straighten and widen the Fison Channel and extend the swing basin;

= contiguous boardwalk promenade along the waterfront;

= improvements to GJ Walter Park;

= car parks associated with the ferry terminals to be delivered through a combination of at grade parking and
managed off-street carparking; and

= abusinterchange.”

The proposed project provides for the delivery of all additional infrastructure and public realm requirements as part
of a single integrated proposal at no cost to the ratepayer or taxpayer.

In September 2015, Walker Group Holdings, (the Proponent) was announced as the preferred development partner
to redevelop underutilised public land in the PDA. In late 2015, the parties entered into binding commercial
agreements for the Toondah Harbour Project (the Project), including a development agreement and an
infrastructure agreement. Under the development agreement, the Proponent is responsible for designing,
financing and delivering the project including obtaining environmental and development approvals.

The project will be constructed over a period of 15 - 20 years including the development or replacement of the
existing barge and ferry terminals. The marine operations are part of the existing character of the Moreton Bay
Ramsar Wetland and support current residential and tourism traffic to North Stradbroke Island and Moreton Bay.
Tourism facilities, marina, mixed use, commercial and residential development, car parking, and public open space
will support the new destination and the area’s function as a world-class gateway to North Stradbroke Island and
Moreton Bay. The project design will also ensure that all components are sympathetic to and support the ecological
character of the Moreton Bay Ramsar Wetland to the greatest extent possible. For example, the project will
introduce new conservation areas and a wetland and cultural education centre.

Integration of the Existing Boat Harbour and Operations

As noted above, the public tender process required the successful proponent to deliver, as an integral part of its
proposal, capital dredging to straighten and widen the Fison Channel and extend the swing basin. This existing
public navigation channel is 2.55km long and typically 45 metres wide. It extends from the swing basin immediately
in front of the existing barge berths, via three significant bends to exit into deeper water approximately 1.5km past
Cassim Island. The swing basin’s existing diameter is significantly below the accepted minimum of 1.5 times the
maximum length of vessels currently utilising the harbour.

Barges travelling to and from North Stradbroke Island are regularly observed ‘bottoming out’ in Fison Channel,
generating turbidity plumes and risking damage to the vessels. The Fison Channel is periodically subject to
maintenance dredging with the most recent dredging event approved in 2013 and carried out in 2014. This
dredging event saw the Department of Transport and Main Roads receive approval for a Material Change of Use for
Environmentally Relevant Activity (ERA) 16-(1c) Dredging >100,000 tonnes but <1,000,000 tonnes year, to dredge
the channel to a depth of -2.5m Lowest Astronomical Tide (LAT). This previously approved maintenance dredging
extended significantly into the Moreton Bay Ramsar wetland with dredge areas shown on Figure 1 and 1a.

The Proponent must also ensure that there is no impediment to the operation of existing ferry services or net loss
of public car spaces at any stage during the construction of the Project, which necessitates delivery of a replacement
terminal facility and car park area before the existing land assets are available for the Project.

The design approach Walker has adopted in response to this challenge is to:

= appropriately realign the channel to reflect the new terminal location;
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= optimise the reduction of channel bends to minimise capital dredging and disturbance of previously
undisturbed areas;

= provide an entrance channel width and depth to allow safe navigation for future vessel requirements,
including the North Stradbroke Island barges in accordance with recognised and accepted international
navigation authority standards;

= provide unimpeded turning basin area with a minimum diameter in accordance with accepted practice;

= provide stable dredge batter slopes for all new dredge area work; and

= consider ambient, prevailing and storm weather conditions, tidal, surge and wave conditions, climate
change and sea level rise predictions.

On this basis capital dredging to deepen and widen the channel to a target depth of -3 m LAT with a base width of
75 metres is proposed, however this will be subject to detailed design and operational considerations. For example,
greater target depths in areas of high sedimentation, such as channel bends, will be considered to reduce the
frequency of maintenance dredging. A preliminary review of existing conditions suggests that the three existing
channel bends could be reduced to two; however, this will be subject to detailed coastal processes and
environmental investigation as part of the EIS process.

Preliminary engineering analysis indicates that a minimum of 500,000 cubic metres of material would need to be
removed from the channel. Removing and disposing of this material at land or marine-based disposal sites outside
of the PDA would be costly and presents significant environmental and logistical issues. An existing dredged
material disposal pond is located to the south of the harbour; however, it is currently full and had a maximum
capacity of 37,000m3 when empty. If reclamation is not carried out, dredged material would need to be transported
offshore or to a new on land facility for disposal.

The National Assessment Guidelines for Dredging 2009 state: “It is important to recognise the potential value of
dredged material as a resource. Possible beneficial uses include engineered uses (land reclamation, beach nourishment,
offshore berms, and capping material) agriculture and product uses (aquaculture, construction material, liners) and
environmental enhancement (restoration and establishment of wetlands, upland habitats, nesting islands, and
fisheries).”

Beneficial reuse of dredge materials is therefore proposed to reclaim land for development areas and create new
intertidal habitat including high tide roosting areas in preference to transporting material to an alternative marine
or land-based location. The dredging and land reclamation activities are expected to occur in discrete stages that
in aggregate amount to approximately three to five years of intermittent activity. The project is being designed with
the intent of achieving a net balance between dredging and reclamation. If an additional dredged material disposal
location is required options, including offshore, onshore and beneficial reuse will be investigated as part of the EIS
and detailed design processes.

Proposed Uses

The Project context is provided as Figure 1 with existing approved maintenance dredge areas shown on Figure 1a.
A reference design and land use plan is also provided as Figure 2. This forms the referral area, which covers
approximately 56 ha including 17.7 ha of waterways, sheltered coves and wetland edges that will not be reclaimed
or permanently impacted by the development. Approximately 42 ha of the referral area is located within the
boundary of the Ramsar wetland including 12.5 ha of waterways. It is anticipated this footprint will be further refined
through detailed ecological and engineering studies as part of the EIS process.

Key components of the proposed development include:
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Harbour precinct

The proposed new ferry terminal and upgraded harbour precinct will replace the existing dilapidated, industrial
facilities. The concept master plan for the proposed development includes:

= three roll on/roll off vessel berths (same number as the existing facility);

= two passenger ferry berths (same number as the existing facility);

= ticket and tourist information centre;

= vehicle queuing areas;

= 1,010 ferry public car parks, with provision for a further 500 in a multi deck car park (the existing facility has
667 car parking spaces);

= public plaza;

= bus-ferry interchange;

= marine services building; and

= opportunity for charter boat berthing to facilitate new ecotourism operations and nature based tourism
experiences for the local area, North Stradbroke Island and Moreton Bay.

The detailed technical studies to be undertaken as part of the EIS process will inform the detailed design of proposed
marine infrastructure.

The harbour facilities will be designed, funded and constructed by the proponent and handed over to Redland City
Council to own and operate.

Marina

Floating pontoons and berths will be located in waterways and coves within the development to minimise the size
of the marina and impact on the wetland. The project will provide approximately 200 new berths for recreational
and commercial vessels. This is a substantial reduction in the number of marina berths from the previous proposal.
Navigation aids, lights and signage will be provided in compliance with Queensland marine safety requirements.

Open space and intertidal communities
The proposed master plan for Toondah Harbour reflects its bayside position and improves community access to
Moreton Bay by delivering new public open space, conservation areas and community amenities. These include:

= Alinear 3.5 ha conservation area, which provides a buffer zone between proposed development and the
Cassim Island high tide roost site. This area is not intended for general public access but may have
controlled access with supervision and guided walks associated with wetland education and community
ranger programs;

=  Awetland and cultural education centre, which will operate as the gateway into the conservation area and
act as a focal point for promoting public education, community awareness, community ranger program,
and Indigenous and nature based tourism experiences. It is anticipated that the centre will be designed in
consultation with wetland experts, key local stakeholders including public and not for profit organisations
and the registered Aboriginal cultural heritage body for the area. Its design, ownership, governance and
programming will be determined during the EIS and detailed design processes;

= A linear 3.5 hectare foreshore parkland, which provides new public parklands, water park and boat
launching facilities for recreational vessels;

= Arange of boardwalks, plazas, nature trails, pocket parks and bio-retention areas integrated throughout
the development; and

= Minor embellishments to GJ Walter Park, the existing public park, which will be retained.
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Mixed uses

The mixed use precinct will include residential, retail (max 5000 m? GFA), commercial uses (max 2500 m? GFA), and
tourism facilities.

Residential uses

Residential areas will generally comprise small ‘village style’ precincts of three to four buildings surrounded by
walkways, waterways, urban wetlands and communal spaces to allow for integration with and appreciation of the
Ramsar wetland. A concept for an urban development precinct is provided as Figure 3.

Up to 3,600 dwellings are proposed which would be delivered over a 15 to 20 year period, staged according to
market demand. The maximum building height allowable under the Toondah Harbour PDA Development Scheme
is 10 storeys; however, the proposed development will deliver a variety of buildings with heights ranging from two
to 10 storeys. The taller buildings will be stepped well back from the roost sites and any buildings directly facing the
roost sites will be in the two to three storey range.

Dredging and reclamation
Dredging will be carried out in two locations during the initial construction phase:

= (Capital dredging within the marina basin and marina access channel; and
= Maintenance and capital dredging for expansion of the existing Toondah Harbour marine access (Fison
Channel) to allow for safe navigation.

Material will be dredged using suitable equipment, such as a cutter suction dredger (CSD) or barge-mounted
backhoe dredger. The preferred type of dredger will be selected based on the material properties of the dredged
material. Dredged material will be transported directly to the reclamation areas through a pipeline or barges. A
perimeter bund will be established around reclamation areas to contain the fill, and limit the amount of fine material
to be released to the environment.

The current masterplan includes approximately 32 ha of reclaimed land, 10 ha of which is new parklands and
conservation areas. The project has been designed to balance cut and fill with all dredged material to be used for
the reclamation.

Maintenance dredging will also be considered as part of the EIS process. Options to be considered include the
incorporation of an onshore material rehandling area into the project to provide temporary storage for
maintenance dredged material or offshore disposal, for example, at the existing Mud Island material disposal area,
subject to relevant permissions.

Wise Use of the Ramsar Wetland

It is noted that the development was previously referred in 2017 (Referral No. 2017/7939) however the proposal has
undergone design changes to better integrate with the ecological character and demonstrate ‘wise use’ of this part
of the Moreton Bay Ramsar Wetland.

The mission of the Ramsar Convention is “the conservation and wise use of all wetlands through local, regional and
national actions and international cooperation, as a contribution towards achieving sustainable development
throughout the world.” Under the Ramsar Convention, projects and developments may occur in Ramsar wetlands,
but they must maintain or enhance the ecological character of the site, and be in accordance with ‘wise use’.

In Australia, ecological character is considered to be the critical components, processes and services of the Ramsar
wetland. For the Moreton Bay Ramsar site, these will be set out in the Ecological Character Description (ECD), which
Page|5



is currently in draft format and has not been released publically. The wise use concept refers to maintaining wetland
values and functions, while at the same time delivering services and benefits now and into the future, for human
well-being. Wise use, in promoting maintenance of environmental, economic and social sustainability, encourages
compromise (or trade-offs) between individual and collective interests. The Toondah Harbour project must
ultimately meet the test of compatibility of the wise use and conservation purposes.

The Ramsar Convention identifies environmental impact assessment as a tool for Contracting Parties to work with
developers to reduce the impact of development proposals with potential to alter the ecological character of
wetlands on the Ramsar list, and to implement the wise use principle. Resolution VII.16 of the convention calls upon
the Contracting Parties to ensure that such projects are subject to rigorous impact assessment procedures, with
appropriate measures to address adverse impacts and monitoring to detect unforeseen impacts.

The project footprint has been modified to better reflect the ecological character and wise use of the wetland. This
includes a minimum 250 m buffer between the high tide roost sites and any urban or tourism uses, reduction of the
development footprint being entirely contained within the PDA (aside from the Fison Channel works) and a wetland
education and cultural centre. Additional changes, including integration of wetlands and other habitats into the
urban footprint, are addressed through this referral and summarised in section 4.1 of the referral.

The proposed development incorporates a number of land uses that are generally considered ‘wise use’ in the
context of sustainable development in a Ramsar setting, including harbour, navigation channel, marina, public open
space, conservation areas and recreational facilities.

Residential uses are considered necessary to provide a vibrant and financially sustainable destination and to ensure
that the benefits in terms of employment, education and conservation will accrue from the project. The
development and implementation of compensation measures for loss of wetland resources will be addressed as
part of the EIS process.

By virtue of the PDA location, which has been established by regulation based on the siting of the existing harbour
facility the Project cannot progress without some interaction with the Ramsar wetland. Effort has been invested in
the planning and design of the project to minimise impacts and integrate the development with the aesthetic and
environmental values of the wetland. This is achieved through the adoption of ‘wise use’ principles and modelling
itself on successful wetland developments globally by incorporating world leading best practice wetland
conservation, education and eco-tourism. This process is further detailed in section 4 — measures to avoid or reduce
impacts — of this referral.
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Summary

Matters of National Environmental Significance

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

World Heritage Properties: None
National Heritage Places: None
Wetlands of International Importance: 1
Great Barrier Reef Marine Park: None
Commonwealth Marine Area: None
Listed Threatened Ecological Communities: 3
Listed Threatened Species: 66
Listed Migratory Species: 76

Other Matters Protected by the EPBC Act

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment’, these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Commonwealth Land: None
Commonwealth Heritage Places: None
Listed Marine Species: 111
Whales and Other Cetaceans: 13
Critical Habitats: None

Commonwealth Reserves Terrestrial: None

Commonwealth Reserves Marine: None

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

State and Territory Reserves: None
Regional Forest Agreements: None
Invasive Species: 40
Nationally Important Wetlands: 1

Key Ecological Features (Marine) None




Detalls

Matters of National Environmental Significance

Wetlands of International Importance (Ramsar)

Name
Moreton bay

Listed Threatened Ecological Communities

[ Resource Information ]

Proximity
Within Ramsar site

[ Resource Information ]

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to

produce indicative distribution maps.

Name

Coastal Swamp Oak (Casuarina glauca) Forest of New

South Wales and South East Queensland ecological

community
Lowland Rainforest of Subtropical Australia

Subtropical and Temperate Coastal Saltmarsh

Listed Threatened Species
Name

Birds

Anthochaera phryqgia

Regent Honeyeater [82338]

Botaurus poiciloptilus
Australasian Bittern [1001]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris tenuirostris
Great Knot [862]

Charadrius leschenaultii
Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus
Lesser Sand Plover, Mongolian Plover [879]

Dasyornis brachypterus
Eastern Bristlebird [533]

Diomedea antipodensis
Antipodean Albatross [64458]

Diomedea antipodensis gibsoni
Gibson's Albatross [82270]

Status
Endangered

Critically Endangered

Vulnerable

Status

Critically Endangered

Endangered

Endangered

Critically Endangered

Critically Endangered

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable

Type of Presence

Community may occur
within area

Community may occur
within area

Community likely to occur
within area

[ Resource Information ]

Type of Presence

Foraging, feeding or related
behaviour likely to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species



Name

Diomedea exulans
Wandering Albatross [89223]

Erythrotriorchis radiatus
Red Goshawk [942]

Fregetta grallaria grallaria

White-bellied Storm-Petrel (Tasman Sea), White-
bellied Storm-Petrel (Australasian) [64438]

Geophaps scripta scripta
Squatter Pigeon (southern) [64440]

Lathamus discolor
Swift Parrot [744]

Limosa lapponica baueri

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed

Godwit [86380]

Limosa lapponica menzbieri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit

(menzbieri) [86432]

Macronectes giganteus

Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Pachyptila turtur subantarctica
Fairy Prion (southern) [64445]

Poephila cincta cincta
Southern Black-throated Finch [64447]

Pterodroma neglecta neglecta
Kermadec Petrel (western) [64450]

Rostratula australis
Australian Painted Snipe [77037]

Thalassarche cauta cauta
Shy Albatross, Tasmanian Shy Albatross [82345]

Thalassarche cauta steadi
White-capped Albatross [82344]

Thalassarche eremita
Chatham Albatross [64457]

Thalassarche impavida

Status

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Critically Endangered

Vulnerable

Critically Endangered

Endangered

Vulnerable

Critically Endangered

Vulnerable

Endangered

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Campbell Albatross, Campbell Black-browed Albatross Vulnerable

[64459]

Type of Presence

habitat may occur within
area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour may occur within
area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour likely to occur
within area

Species or species habitat
may occur within area

Species or species habitat
may occur within



Name Status

Thalassarche melanophris

Black-browed Albatross [66472] Vulnerable
Thalassarche salvini
Salvin's Albatross [64463] Vulnerable
Turnix melanogaster
Black-breasted Button-quail [923] Vulnerable

Fish
Epinephelus daemelii
Black Rockcod, Black Cod, Saddled Rockcod [68449] Vulnerable

Insects
Argynnis hyperbius inconstans
Australian Fritillary [88056]

Mammals
Balaenoptera musculus
Blue Whale [36]

Endangered

Chalinolobus dwyeri
Large-eared Pied Bat, Large Pied Bat [183]

Vulnerable

Dasyurus hallucatus
Northern Quoll, Digul [Gogo-Yimidir], Wijingadda
[Dambimangari], Wiminji [Martu] [331]

Endangered

Dasyurus maculatus maculatus (SE mainland population)

Spot-tailed Quoll, Spotted-tail Quoll, Tiger Quoll Endangered
(southeastern mainland population) [75184]

Eubalaena australis

Southern Right Whale [40] Endangered
Megaptera novaeangliae

Humpback Whale [38] Vulnerable
Petauroides volans

Greater Glider [254] Vulnerable

Phascolarctos cinereus (combined populations of Qld, NSW and the ACT)

Critically Endangered

Koala (combined populations of Queensland, New Vulnerable
South Wales and the Australian Capital Territory)

[85104]

Potorous tridactylus tridactylus

Long-nosed Potoroo (SE mainland) [66645]

Vulnerable

Pteropus poliocephalus
Grey-headed Flying-fox [186]

Vulnerable

Xeromys myoides

Water Mouse, False Water Rat, Yirrkoo [66] Vulnerable

Plants
Arthraxon hispidus
Hairy-joint Grass [9338]

Vulnerable

Type of Presence
area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area



Name
Baloghia marmorata
Marbled Balogia, Jointed Baloghia [8463]

Cryptocarya foetida
Stinking Cryptocarya, Stinking Laurel [11976]

Cryptostylis hunteriana
Leafless Tongue-orchid [19533]

Endiandra floydii
Floyd's Walnut [52955]

Macadamia integrifolia

Macadamia Nut, Queensland Nut Tree, Smooth-
shelled Macadamia, Bush Nut, Nut Oak [7326]

Macadamia tetraphylla

Rough-shelled Bush Nut, Macadamia Nut, Rough-
shelled Macadamia, Rough-leaved Queensland Nut
[6581]

Phaius australis

Lesser Swamp-orchid [5872]

Samadera bidwillii
Quassia [29708]

Thesium australe
Austral Toadflax, Toadflax [15202]

Reptiles
Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Delma torquata
Adorned Delma, Collared Delma [1656]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Eretmochelys imbricata
Hawksbill Turtle [1766]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767]

Natator depressus
Flatback Turtle [59257]

Saiphos reticulatus
Three-toed Snake-tooth Skink [88328]

Sharks
Carcharias taurus (east coast population)
Grey Nurse Shark (east coast population) [68751]

Status

Vulnerable

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Endangered

Vulnerable

Vulnerable

Critically Endangered

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area



Name
Carcharodon carcharias
White Shark, Great White Shark [64470]

Pristis zijsron

Green Sawfish, Dindagubba, Narrowsnout Sawfish
[68442]
Rhincodon typus

Whale Shark [66680]

Listed Migratory Species

Status

Vulnerable

Vulnerable

Vulnerable

Type of Presence

Species or species habitat
known to occur within area

Breeding may occur within
area

Species or species habitat
may occur within area

[ Resource Information ]

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Migratory Marine Birds
Anous stolidus
Common Noddy [825]

Apus pacificus
Fork-tailed Swift [678]

Ardenna carneipes

Flesh-footed Shearwater, Fleshy-footed Shearwater
[82404]

Calonectris leucomelas
Streaked Shearwater [1077]

Diomedea antipodensis
Antipodean Albatross [64458]

Diomedea exulans
Wandering Albatross [89223]

Fregata ariel
Lesser Frigatebird, Least Frigatebird [1012]

Fregata minor
Great Frigatebird, Greater Frigatebird [1013]

Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Sternula albifrons
Little Tern [82849]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Thalassarche eremita
Chatham Albatross [64457]

Thalassarche impavida

Threatened

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable*

Endangered

Campbell Albatross, Campbell Black-browed Albatross Vulnerable

[64459]

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name Threatened
Thalassarche melanophris
Black-browed Albatross [66472] Vulnerable

Thalassarche salvini
Salvin's Albatross [64463] Vulnerable

Thalassarche steadi
White-capped Albatross [64462] Vulnerable*

Migratory Marine Species
Balaena glacialis australis
Southern Right Whale [75529] Endangered*

Balaenoptera edeni
Bryde's Whale [35]

Balaenoptera musculus
Blue Whale [36] Endangered

Carcharodon carcharias
White Shark, Great White Shark [64470] Vulnerable

Caretta caretta
Loggerhead Turtle [1763] Endangered

Chelonia mydas
Green Turtle [1765] Vulnerable

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered

Dugong dugon
Dugong [28]

Eretmochelys imbricata
Hawksbill Turtle [1766] Vulnerable

Lamna nasus
Porbeagle, Mackerel Shark [83288]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767] Endangered

Manta alfredi

Reef Manta Ray, Coastal Manta Ray, Inshore Manta
Ray, Prince Alfred's Ray, Resident Manta Ray [84994]

Manta birostris

Giant Manta Ray, Chevron Manta Ray, Pacific Manta
Ray, Pelagic Manta Ray, Oceanic Manta Ray [84995]

Megaptera novaeangliae
Humpback Whale [38] Vulnerable

Natator depressus
Flatback Turtle [59257] Vulnerable

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour likely to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area



Name
Orcaella brevirostris
Irrawaddy Dolphin [45]

Orcinus orca
Killer Whale, Orca [46]

Pristis zijsron

Green Sawfish, Dindagubba, Narrowsnout Sawfish
[68442]
Rhincodon typus

Whale Shark [66680]

Sousa chinensis
Indo-Pacific Humpback Dolphin [50]

Migratory Terrestrial Species
Cuculus optatus
Oriental Cuckoo, Horsfield's Cuckoo [86651]

Hirundapus caudacutus
White-throated Needletail [682]

Monarcha melanopsis
Black-faced Monarch [609]

Monarcha trivirgatus
Spectacled Monarch [610]

Myiagra cyanoleuca
Satin Flycatcher [612]

Rhipidura rufifrons
Rufous Fantail [592]

Migratory Wetlands Species
Actitis hypoleucos
Common Sandpiper [59309]

Arenaria interpres
Ruddy Turnstone [872]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris alba
Sanderling [875]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris melanotos
Pectoral Sandpiper [858]

Calidris ruficollis
Red-necked Stint [860]

Threatened

Vulnerable

Vulnerable

Endangered

Critically Endangered

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding may occur within
area

Species or species habitat
may occur within area

Breeding known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area



Name
Calidris tenuirostris
Great Knot [862]

Charadrius bicinctus
Double-banded Plover [895]

Charadrius leschenaultii

Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus

Lesser Sand Plover, Mongolian Plover [879]

Charadrius veredus
Oriental Plover, Oriental Dotterel [882]

Gallinago hardwickii
Latham's Snipe, Japanese Snipe [863]

Gallinago megala
Swinhoe's Snipe [864]

Gallinago stenura
Pin-tailed Snipe [841]

Limicola falcinellus
Broad-billed Sandpiper [842]

Limnodromus semipalmatus
Asian Dowitcher [843]

Limosa lapponica
Bar-tailed Godwit [844]

Limosa limosa
Black-tailed Godwit [845]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Numenius minutus
Little Curlew, Little Whimbrel [848]

Numenius phaeopus
Whimbrel [849]

Pandion haliaetus
Osprey [952]

Philomachus pugnax
Ruff (Reeve) [850]

Pluvialis fulva
Pacific Golden Plover [25545]

Pluvialis squatarola
Grey Plover [865]

Tringa brevipes
Grey-tailed Tattler [851]

Tringa glareola
Wood Sandpiper [829]

Tringa incana
Wandering Tattler [831]

Tringa nebularia
Common Greenshank, Greenshank [832]

Threatened

Critically Endangered

Vulnerable

Endangered

Critically Endangered

Type of Presence

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting likely to occur
within area

Roosting likely to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Breeding known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area



Name
Tringa stagnatilis
Marsh Sandpiper, Little Greenshank [833]

Xenus cinereus
Terek Sandpiper [59300]

Other Matters Protected by the EPBC Act

Listed Marine Species

Threatened

Type of Presence

Roosting known to occur
within area

Roosting known to occur
within area

[ Resource Information ]

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Birds

Actitis hypoleucos

Common Sandpiper [59309]

Anous stolidus
Common Noddy [825]

Anseranas semipalmata
Magpie Goose [978]

Apus pacificus
Fork-tailed Swift [678]

Ardea alba
Great Egret, White Egret [59541]

Ardea ibis
Cattle Egret [59542]

Arenaria interpres
Ruddy Turnstone [872]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris alba
Sanderling [875]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Threatened

Endangered

Critically Endangered

Type of Presence

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Breeding known to occur
within area

Species or species habitat
may occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area



Name
Calidris melanotos
Pectoral Sandpiper [858]

Calidris ruficollis
Red-necked Stint [860]

Calidris tenuirostris
Great Knot [862]

Calonectris leucomelas
Streaked Shearwater [1077]

Charadrius bicinctus
Double-banded Plover [895]

Charadrius leschenaultii
Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus
Lesser Sand Plover, Mongolian Plover [879]

Charadrius ruficapillus
Red-capped Plover [881]

Charadrius veredus
Oriental Plover, Oriental Dotterel [882]

Cuculus saturatus
Oriental Cuckoo, Himalayan Cuckoo [710]

Diomedea antipodensis
Antipodean Albatross [64458]

Diomedea exulans
Wandering Albatross [89223]

Diomedea gibsoni
Gibson's Albatross [64466]

Fregata ariel
Lesser Frigatebird, Least Frigatebird [1012]

Fregata minor
Great Frigatebird, Greater Frigatebird [1013]

Gallinago hardwickii
Latham's Snipe, Japanese Snipe [863]

Gallinago megala
Swinhoe's Snipe [864]

Gallinago stenura
Pin-tailed Snipe [841]

Haliaeetus leucogaster
White-bellied Sea-Eagle [943]

Heteroscelus brevipes
Grey-tailed Tattler [59311]

Heteroscelus incanus
Wandering Tattler [59547]

Threatened

Critically Endangered

Vulnerable

Endangered

Vulnerable

Vulnerable

Vulnerable*

Type of Presence

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting likely to occur
within area

Roosting likely to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area



Name
Himantopus himantopus
Black-winged Stilt [870]

Hirundapus caudacutus
White-throated Needletail [682]

Lathamus discolor
Swift Parrot [744]

Limicola falcinellus
Broad-billed Sandpiper [842]

Limnodromus semipalmatus
Asian Dowitcher [843]

Limosa lapponica
Bar-tailed Godwit [844]

Limosa limosa
Black-tailed Godwit [845]

Macronectes giganteus

Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Merops ornatus
Rainbow Bee-eater [670]

Monarcha melanopsis
Black-faced Monarch [609]

Monarcha trivirgatus
Spectacled Monarch [610]

Myiagra cyanoleuca
Satin Flycatcher [612]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Numenius minutus
Little Curlew, Little Whimbrel [848]

Numenius phaeopus
Whimbrel [849]

Pachyptila turtur
Fairy Prion [1066]

Pandion haliaetus
Osprey [952]

Philomachus pugnax
Ruff (Reeve) [850]

Pluvialis fulva
Pacific Golden Plover [25545]

Threatened

Critically Endangered

Endangered

Vulnerable

Critically Endangered

Type of Presence

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Breeding known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area



Name
Pluvialis squatarola
Grey Plover [865]

Puffinus carneipes

Flesh-footed Shearwater, Fleshy-footed Shearwater

[1043]

Recurvirostra novaehollandiae
Red-necked Avocet [871]

Rhipidura rufifrons
Rufous Fantail [592]

Rostratula benghalensis (sensu lato)
Painted Snipe [889]

Sterna albifrons
Little Tern [813]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Thalassarche eremita
Chatham Albatross [64457]

Thalassarche impavida

Campbell Albatross, Campbell Black-browed Albatross

[64459]

Thalassarche melanophris
Black-browed Albatross [66472]

Thalassarche salvini
Salvin's Albatross [64463]

Thalassarche steadi
White-capped Albatross [64462]

Tringa glareola
Wood Sandpiper [829]

Tringa nebularia
Common Greenshank, Greenshank [832]

Tringa stagnatilis
Marsh Sandpiper, Little Greenshank [833]

Xenus cinereus
Terek Sandpiper [59300]

Fish
Acentronura tentaculata
Shortpouch Pygmy Pipehorse [66187]

Campichthys tryoni
Tryon's Pipefish [66193]

Corythoichthys amplexus

Fijian Banded Pipefish, Brown-banded Pipefish

[66199]

Threatened

Endangered*

Vulnerable*

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable*

Type of Presence

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour likely to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur

within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name
Corythoichthys ocellatus
Orange-spotted Pipefish, Ocellated Pipefish [66203]

Festucalex cinctus
Girdled Pipefish [66214]

Filicampus tigris
Tiger Pipefish [66217]

Halicampus grayi
Mud Pipefish, Gray's Pipefish [66221]

Hippichthys cyanospilos

Blue-speckled Pipefish, Blue-spotted Pipefish [66228]

Hippichthys heptagonus

Madura Pipefish, Reticulated Freshwater Pipefish
[66229]

Hippichthys penicillus
Beady Pipefish, Steep-nosed Pipefish [66231]

Hippocampus kelloggi
Kellogg's Seahorse, Great Seahorse [66723]

Hippocampus kuda
Spotted Seahorse, Yellow Seahorse [66237]

Hippocampus planifrons
Flat-face Seahorse [66238]

Hippocampus trimaculatus

Three-spot Seahorse, Low-crowned Seahorse, Flat-
faced Seahorse [66720]

Hippocampus whitei

White's Seahorse, Crowned Seahorse, Sydney
Seahorse [66240]

Lissocampus runa
Javelin Pipefish [66251]

Maroubra perserrata
Sawtooth Pipefish [66252]

Micrognathus andersonii
Anderson's Pipefish, Shortnose Pipefish [66253]

Micrognathus brevirostris
thorntail Pipefish, Thorn-tailed Pipefish [66254]

Microphis manadensis
Manado Pipefish, Manado River Pipefish [66258]

Solegnathus dunckeri
Duncker's Pipehorse [66271]

Threatened

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name
Solegnathus hardwickii
Pallid Pipehorse, Hardwick's Pipehorse [66272]

Solegnathus spinosissimus
Spiny Pipehorse, Australian Spiny Pipehorse [66275]

Solenostomus cyanopterus

Robust Ghostpipefish, Blue-finned Ghost Pipefish,
[66183]

Solenostomus paegnius
Rough-snout Ghost Pipefish [68425]

Solenostomus paradoxus

Ornate Ghostpipefish, Harlequin Ghost Pipefish,
Ornate Ghost Pipefish [66184]

Stigmatopora nigra
Widebody Pipefish, Wide-bodied Pipefish, Black
Pipefish [66277]

Syngnathoides biaculeatus

Double-end Pipehorse, Double-ended Pipehorse,
Alligator Pipefish [66279]

Trachyrhamphus bicoarctatus

Bentstick Pipefish, Bend Stick Pipefish, Short-tailed
Pipefish [66280]

Urocampus carinirostris
Hairy Pipefish [66282]

Vanacampus margaritifer
Mother-of-pearl Pipefish [66283]

Mammals
Dugong dugon
Dugong [28]

Reptiles
Aipysurus laevis
Olive Seasnake [1120]

Astrotia stokesii
Stokes' Seasnake [1122]

Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Eretmochelys imbricata
Hawksbill Turtle [1766]

Hydrophis elegans
Elegant Seasnake [1104]

Threatened

Endangered

Vulnerable

Endangered

Vulnerable

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area



Name Threatened
Laticauda laticaudata
a sea krait [1093]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767] Endangered

Natator depressus
Flatback Turtle [59257] Vulnerable

Pelamis platurus
Yellow-bellied Seasnake [1091]

Whales and other Cetaceans

Name Status
Mammals

Balaenoptera acutorostrata

Minke Whale [33]

Balaenoptera edeni
Bryde's Whale [35]

Balaenoptera musculus
Blue Whale [36] Endangered

Delphinus delphis
Common Dophin, Short-beaked Common Dolphin [60]

Eubalaena australis
Southern Right Whale [40] Endangered

Grampus griseus
Risso's Dolphin, Grampus [64]

Megaptera novaeangliae
Humpback Whale [38] Vulnerable

Orcaella brevirostris
Irrawaddy Dolphin [45]

Orcinus orca
Killer Whale, Orca [46]

Sousa chinensis
Indo-Pacific Humpback Dolphin [50]

Stenella attenuata
Spotted Dolphin, Pantropical Spotted Dolphin [51]

Tursiops aduncus

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Tursiops truncatus s. str.
Bottlenose Dolphin [68417]

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

[ Resource Information ]

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area



Extra Information

Invasive Species [ Resource Information ]

Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence

Birds

Acridotheres tristis

Common Myna, Indian Myna [387] Species or species habitat

likely to occur within area

Anas platyrhynchos

Mallard [974] Species or species habitat
likely to occur within area

Carduelis carduelis

European Goldfinch [403] Species or species habitat
likely to occur within area

Columba livia

Rock Pigeon, Rock Dove, Domestic Pigeon [803] Species or species habitat
likely to occur within area

Lonchura punctulata

Nutmeg Mannikin [399] Species or species habitat
likely to occur within area

Passer domesticus

House Sparrow [405] Species or species habitat
likely to occur within area

Streptopelia chinensis

Spotted Turtle-Dove [780] Species or species habitat
likely to occur within area

Sturnus vulgaris

Common Starling [389] Species or species habitat
likely to occur within area

Frogs

Rhinella marina

Cane Toad [83218] Species or species habitat
known to occur within area

Mammals

Bos taurus

Domestic Cattle [16] Species or species habitat

likely to occur



Name

Canis lupus familiaris
Domestic Dog [82654]

Felis catus
Cat, House Cat, Domestic Cat [19]

Lepus capensis
Brown Hare [127]

Mus musculus
House Mouse [120]

Oryctolagus cuniculus
Rabbit, European Rabbit [128]

Rattus norvegicus
Brown Rat, Norway Rat [83]

Rattus rattus
Black Rat, Ship Rat [84]

Sus scrofa
Pig [6]

Vulpes vulpes
Red Fox, Fox [18]

Plants
Alternanthera philoxeroides
Alligator Weed [11620]

Annona glabra

Pond Apple, Pond-apple Tree, Alligator Apple,
Bullock's Heart, Cherimoya, Monkey Apple, Bobwood,
Corkwood [6311]

Anredera cordifolia

Madeira Vine, Jalap, Lamb's-tail, Mignonette Vine,
Anredera, Gulf Madeiravine, Heartleaf Madeiravine,
Potato Vine [2643]

Asparagus aethiopicus

Asparagus Fern, Ground Asparagus, Basket Fern,
Sprengi's Fern, Bushy Asparagus, Emerald Asparagus
[62425]

Cabomba caroliniana

Cabomba, Fanwort, Carolina Watershield, Fish Grass,
Washington Grass, Watershield, Carolina Fanwort,
Common Cabomba [5171]

Chrysanthemoides monilifera

Bitou Bush, Boneseed [18983]

Chrysanthemoides monilifera subsp. rotundata
Bitou Bush [16332]

Cryptostegia grandiflora

Rubber Vine, Rubbervine, India Rubber Vine, India
Rubbervine, Palay Rubbervine, Purple Allamanda
[18913]

Eichhornia crassipes

Water Hyacinth, Water Orchid, Nile Lily [13466]

Type of Presence
within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur



Name Status

Hymenachne amplexicaulis

Hymenachne, Olive Hymenachne, Water Stargrass,
West Indian Grass, West Indian Marsh Grass [31754]

Lantana camara

Lantana, Common Lantana, Kamara Lantana, Large-
leaf Lantana, Pink Flowered Lantana, Red Flowered
Lantana, Red-Flowered Sage, White Sage, Wild Sage
[10892]

Parthenium hysterophorus

Parthenium Weed, Bitter Weed, Carrot Grass, False
Ragweed [19566]

Prosopis spp.
Mesquite, Algaroba [68407]

Protasparagus densiflorus
Asparagus Fern, Plume Asparagus [5015]

Rubus fruticosus aggregate
Blackberry, European Blackberry [68406]

Sagittaria platyphylla
Delta Arrowhead, Arrowhead, Slender Arrowhead
[68483]

Salix spp. except S.babylonica, S.x calodendron & S.x reichardtii

Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow [68497]

Salvinia molesta

Salvinia, Giant Salvinia, Aquarium Watermoss, Kariba
Weed [13665]

Senecio madagascariensis

Fireweed, Madagascar Ragwort, Madagascar
Groundsel [2624]

Reptiles
Hemidactylus frenatus
Asian House Gecko [1708]

Ramphotyphlops braminus

Flowerpot Blind Snake, Brahminy Blind Snake, Cacing
Besi [1258]

Nationally Important Wetlands

Name
Moreton Bay

Type of Presence
within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

[ Resource Information ]

State
QLD



Caveat

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

Threatened, migratory and marine species distributions have been derived through a variety of methods. Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc). In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

Only selected species covered by the following provisions of the EPBC Act have been mapped:
- migratory and
- marine

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- threatened species listed as extinct or considered as vagrants
- some species and ecological communities that have only recently been listed
- some terrestrial species that overfly the Commonwealth marine area
- migratory species that are very widespread, vagrant, or only occur in small numbers
The following groups have been mapped, but may not cover the complete distribution of the species:
- non-threatened seabirds which have only been mapped for recorded breeding sites
- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Coordinates

-27.52786 153.2871
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Attachment 3 - Assessment of Potential Impacts on
the €cological Character of the Moreton Bay Ramsar
Wetland from the Toondah Harbour Project

Introduction

It is recognised that the proposed Toondah Harbour development has the potential to have a significant impact on
the Moreton Bay Ramsar Wetland and is therefore referred as a controlled action warranting further assessment
under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). To assist proponents determine
if their proposed action is likely to have a significant impact on matters of national environmental significance
(MNES), the Commonwealth Government produced a series of guidelines on significant impacts. Most relevant for
Ramsar wetlands are the Significant Impact Guidelines 1.1 Matters of National Environmental Significance (CoA 2013).
These guidelines state that:

A’significantimpact’is animpact which is important, notable, or of consequence, having regard to its context or intensity.
Whether or not an action is likely to have a significant impact depends upon the sensitivity, value, and quality of the
environment which is impacted, and upon the intensity, duration, magnitude and geographic extent of the impacts. You
should consider all of these factors when determining whether an action is likely to have a significant impact on matters
of national environmental significance.

The guidelines goes on to identify specific significant impact criteria for each MNES. An action is likely to have a
significant impact on the ecological character of a declared Ramsar wetland if there is a real chance or possibility
that it will result in:

= areas of the wetland being destroyed or substantially modified;

= asubstantial and measurable change in the hydrological regime of the wetland, for example, a substantial
change to the volume, timing, duration and frequency of ground and surface water flows to and within the
wetland;

= the habitat or lifecycle of native species, including invertebrate fauna and fish species, dependent upon
the wetland being seriously affected;

= a substantial and measurable change in the water quality of the wetland - for example, a substantial
change in the level of salinity, pollutants, or nutrients in the wetland, or water temperature which may
adversely impact on biodiversity, ecological integrity, social amenity or human health; or

= an invasive species that is harmful to the ecological character of the wetland being established (or an
existing invasive species being spread) in the wetland.

While the Significant Impact Guidelines provide some guidance on how to assess impacts to a Ramsar Wetland, the
criteria are broad and difficult to apply at a site level to large and ecologically diverse wetlands. The Moreton Bay
Ramsar Wetland covers an area of approximately 113,314 ha and contains a wide range of ecosystems ranging from
perched freshwater lakes and sedge swamps on the offshore sand islands, to intertidal mudflats, marshes, sandflats
and mangroves next to the Bay’s islands and the mainland.

This assessment provides a methodology for identifying the ecological character at the whole of wetland and local
scales and assessing significant impacts to the Moreton Bay Ramsar Wetland at the site level. A preliminary
assessment of the Toondah Harbour Project against that methodology has also been carried out to identify
potential for significant impacts to occur.
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Methodology

The significant impact assessment methodology has been developed by Adaptive Strategies to assess potential
impacts to the ecological character of the Moreton Bay Wetland. The method is adapted from previously accepted
approach developed for the Great Barrier Reef World Heritage Area (Adaptive Strategies 2016), which while
protected under a different international convention has many similarities in terms of scale, ecological process and
protection. The methodology also incorporates aspects of the National Framework and Guidance for Describing the
Ecological Character of Australian Ramsar Wetlands, although it focusses on physical components of the wetland and
does not include ecological processes or benefits which will be assessed through the EIS process.

The method comprises two components:

1. Contextual information about ecological character to provide a framework for the analysis; and
2. Aprocess to be applied at the local scale.

The methodology including the rationale behind its development is attached to this technical note with the key
components summarised within this assessment.

Moreton Bay Ramsar Wetland Contextual Information

The Criteria for Identifying Wetlands of International Importance were adopted by the 7th (1999) and 9th (2005)
Meetings of the Conference of the Contracting Parties, superseding earlier Criteria adopted by the 4th and 6th
Meetings of the COP (1990 and 1996), to guide implementation of Article 2.1 on designation of Ramsar wetlands.

Moreton Bay is listed as a Ramsar site as it fulfils six of the nine criteria for identifying wetlands of international

importance. The criteria and key environmental values supported by Moreton Bay for each criterion is provided in
Table 1. The extent of the Moreton Bay Ramsar Wetland is shown on Figure 1.
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Table 1: Summary of Moreton Bay key environmental values against Ramsar listing criterion (EPA 1999)

Criterion description Moreton Bay key values

Criterion 1: the wetland contains a Moreton Bay is one of the largest estuarine bays in Australia. The formation of
representative, rare or unique example of a large vegetated sand dunes on the eastern side of the Bay and river and creek
natural or near-natural wetland type found  flows entering the Bay to the west from the mainland have created a major
within the appropriate biogeographic wetland complex.

region

Criterion 2: the wetland supports vulnerable, The Bay supports threatened turtle species including the vulnerable green
endangered or critically endangered species ~ (Chelonia mydas) and hawksbill turtles (Eretmochelys imbricata) and
or threatened ecological communities endangered loggerhead turtles (Caretta caretta). The area is particularly

important for the critically endangered wintering eastern curlew (Numenius
madagascariensis). A number of threatened terrestrial flora and fauna are also
present on the islands.

Criterion 3: the wetland supports The Bay has a high diversity of marine plant and animal species including: over
populations of plant and/or animal species 355 species of marine invertebrates; 40 species of shorebirds; 55 species of
important for maintaining the biological algae associated with mangroves; seven mangrove species and seven

diversity of a particular biogeographic seagrass species. The intertidal habitats of the Bay support over 30 species of
region migratory shorebirds.

Criterion 4: the wetland supports plant The Bay is a significant feeding ground for green turtles. Dugongs also use the
and/or animal species at a critical stage in area as a feeding and breeding ground. The area provides significant feeding
their life cycles, or provides refuge during areas for loggerhead turtles. The species is also known to nest on the islands
adverse conditions of the Bay.

Criterion 5: the wetland regularly supports The Bay supports greater than 50,000 wintering and staging shorebirds during
20,000 or more waterbirds the non-breeding season.

Criterion 6: the wetland regularly supports The Bay supports greater than 1% of the known flyway populations of the
1% of the individuals in a population of one  eastern curlew (Numensis madagascariensis) and the grey-tailed tattler (Tringa
species or subspecies of waterbird brevipes).

An ecological character description is still in preparation for Moreton Bay Ramsar wetlands (DoEE 2017a). In the
absence of a formal ecological character description for the site, this report has defined the ecological character of
the Moreton Bay Ramsar wetland to be those key environmental values that contribute to the listing criteria of the

site.

The Australian and Queensland governments have described the values of the wetland in various information
documents including Moreton Bay — a wetland of international importance fact sheet and the Ramsar Information
Sheet (RIS). These documents have been used to identify the key environmental features of the Moreton Bay
wetland, which are listed below:

One of the largest estuarine bays in Australia and sits in an ‘overlap zone’ where both tropical and
temperate species occur. It supports extensive intertidal areas of seagrass, mangroves and saltmarsh that
provide vital habitat for waterbirds, including significant populations of migratory shorebirds.
Outstanding coastal wetland values and features. Many of its diverse habitat types retain a near-natural
character and are interconnected with other habitats supporting biodiversity.

Home to five nationally threatened plant species that are wetland dependant, such as the endangered
swamp daisy, Olearia hygrophila, which is only found on North Stradbroke Island.

Habitat for humpback whales and dolphins, as well as six of the world’s seven species of marine turtles.
Other threatened animals, including the grey nurse shark, dugong, wallum sedge frog, water mouse and
Oxleyan pygmy perch fish, also live in the Bay or in surrounding waters and wetlands.

A wetland habitat providing feeding areas, dispersal and migratory pathways, and spawning sites for many
fish species. The region supports one of the most productive fisheries in Queensland.

The perched wetlands on Moreton and North Stradbroke Islands, including lakes and swamps. Perched
wetlands are abundant in the coastal Wallum regions of south-eastern Queensland and northern New
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South Wales, but are scarce in most parts of the world. Perched wetlands form in depressions between
dunes where impermeable layers develop in the sand and act like basins holding water higher in the
landscape than the water table. They support many unique and interesting animals.

=  One of the most important migratory shorebird sites in Australia, supporting both a large number and high
diversity. During the summer months some 32 species of migratory shorebirds comprising over 40,000
individuals visit the Bay. This includes significant worldwide populations, including 20% of all eastern
curlews and 50% of all grey-tailed tattlers.

Based on this description a number of key attributes have been identified for the Ramsar Wetland. The attributes
are listed in Table 2 and have been categorised according to the environmental features listed above. The attributes
identified are all physical aspects of the environment such as seagrass beds, listed migratory shorebird species and
perched sand lakes. Physical attributes were utilised as impacts to these features can be quantified and an
assessment made on whether those impacts are considered a significant impact on the ecological character of the
wetland.

It is acknowledged that impacts to ecological processes and services such as the tidal flows and sedimentation also
have the potential to impact on the character of the wetland, although ultimate impacts from any changes to these
processes would also be assessed through loss of the physical attributes (i.e. changes in tidal patterns may result in
erosion of mud flats). These impacts would occur up and down stream of the development foot print and will be
assessed through detailed hydrodynamic modelling carried out as part of the controlled action assessment process.
If significant impacts outside of the footprint are identified the development footprint will be modified to mitigate
these impacts.

Table 1: Key attributes of Moreton Bay Ramsar wetland

Estuarine/Intertidal areas Open beaches

Seagrass

Salt and mud flats, salt marshes
Mangroves and related tree communities
Rocky reefs

Sand shoals

Coastal and sub-coastal Tree swamp—Melaleuca spp. and Eucalyptus spp.

vegetation

Wet heath swamp
Grass, sedge and herb swamp

Migratory shorebirds Eastern curlew habitat (known)
Grey tailed tattler habitat (known)
Shorebird feeding areas (intertidal areas, beaches etc.)

Shorebird roosting sites (above high water mark)
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Threatened plant species Olearia hygrophila habitat

Phaius australis habitat
Phaius bernaysii habitat
Thesium austral habitat
Cryptocarya foetida habitat
Other (specify)

Marine fauna habitat Humpback whales
Dolphins

Marine turtles

Dugong

Grey nurse shark

Wallum sedge frog

Water mouse

Protected Fish Habitat Areas

Oxleyan pygmy perch habitat

Lakes and enclosed water Window sand lakes
bodies

Perched sand lakes

Artificial water body habitats (dams, ring tanks etc.)

Local Scale Assessment

The process for determining the local representation and contribution of a feature to the ecological character of the
wetland is based around understanding which attributes are present and how important those attributes are within
the context of the wider wetland ecosystem. The process involves:

1. Identification of the attributes that occur within the local area (or surrounds)
2. Analysis of the ‘importance’ of the presence of those attributes within the context of the broader wetland.

In other words “what” and “where” are attributes located and “why” are they important in the context of the
Ramsar listing?
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Identification of attributes

Identification of the attributes that occur within the local area (or surrounds) should be based on the best available
information including desktop (Government databases, regional level studies, etc) and site specific ecological
surveys. Preliminary Terrestrial (BAAM 2017 — Attachment 6 to this referral) and Aquatic (FRC 2017 — Attachment 7
to this referral) ecological studies have been carried out for the site including desktop assessment and field survey
within and adjacent to the PDA. Specific investigations relevant to the Ramsar wetland include:

= Benthic habitat survey within and adjacent to the PDA;

= Migratory shorebird surveys including five summer and one winter survey carried out between October
2014 and June 2015;

= Review of 20 years of high tide surveys conducted by the Queensland Wader Study Group at a high tide
roost site to the south of the PDA (Nandeebie Claypan);

= Onground confirmation of remnant vegetation communities and mangrove and intertidal vegetation; and

= Assessment of the likelihood of protected marine and intertidal flora and fauna utilising the site.

The technical reports and summaries detailing the outcomes of the assessment are provided in response to sections
2.4 and 2.5 of the referral (refer to Attachments 5 and 6 to the referral).

An analysis of the presence of the attributes was carried out based on the outcomes of the terrestrial and aquatic
ecological assessment. Presence was attributed to one of the following categories:

= Not present: No evidence was available to indicate or suggest that the attribute is present at or near the
location.

= Minor presence: These attributes occur in low abundance or across a small area (relative to the nature of
the attributes broader presence across the wetland). Noting that a low abundant attribute that is rare may
still be important. Temporary fluctuations or seasonal variation should be considered along with natural
events that may affect short-term presence (e.g. storms). Example of low abundance might include:

- Small isolated natural ecosystems (coral, vegetation communities etc.) of less than 10 hectares

- Small number of non-breeding species (turtles, dolphins dugong etc.) that are foraging in the area

- Individual occurrences of natural features (rocks, mangroves) that are not unique or notable in some
manner.

=  Moderate presence: These attributes occur in moderate abundance or across a moderately large area
(relative to the nature of the attribute across the wetland). Examples may include:

- Migratory shorebird aggregations of less than 0.1% of flyway population
- Endangered ecosystems and habitats of 20-100 hectares
- Minor nesting sites for common birds species (e.g. with small numbers of nesting individuals <10).

= Significant presence: These attributes are present in significant abundances or represent significant
examples of the relevant attribute (relative to the nature of the attribute across the wetland). Examples:

- Extensive continuous seagrass areas

- Undisturbed natural vegetation

- Migratory bird aggregations

- 18 Mile Swamp (North Stradbroke Island).

Contribution to ecological character

The specific attributes of Moreton Bay are inconsistently spread across the whole Ramsar site with some more

numerous than others. If an attribute was identified as being present within the PDA or in an area that could
Page |7



potentially be impacted by the Toondah Harbour development further assessment was carried out to identify how
much it contributes to the ecological character of Moreton Bay.

A particular attribute may be present in a particular location and may well be of importance due to its locally high
value in terms of representation, appreciation or biological contribution; while in another area it may be a lower
value as it does not provide the same ecological function (e.g. recruitment and breeding), representation of value
or amenity. The influences of human appreciation, geography, climatic distribution, geology, oceanography and
ecological life cycles all influence where and at what level a particular attribute may contribute to ecological
character.

Contribution to the character of Moreton Bay was attributed to one of the following categories:

=  Minor contribution: The attribute is present however it occurs in low abundance or singularly and is not:

- essential to the sustainability of the attribute (e.g. substantial breeding or flyway population)
- recognised as a key feature of the Moreton Bay Ramsar wetland (e.g. seagrass meadow)
- iconic, unique or a high quality example of the attribute.

=  Moderate contribution: These attributes occur in moderate abundance or across a moderately large area but
are not the prime occurrence or representation of the attribute within the wetland. The attribute does however

represent a feature for which the wetland was listed as a Ramsar site.

= Significant contribution: These attributes represent locally important examples of the attribute relative to the
nature of the attribute across the wetland. Such an attribute may be specifically referred to within the RIS or
defined by other legislation, planning instrument or values assessment (e.g. MNES). The occurrence of the

attribute locally is a prime example of the attribute.

Assessment of presence of an attribute and its contribution to the ecological character of the Moreton Bay Ramsar
Wetland is provided in Table 3. As noted the assessment is based on site specific studies carried out by BAAM and
FRC Environmental (Refer to Attachments 5 and 6) to the EPBC Referral. Impacts have been assessed for the
development footprint and adjacent high value areas such as the high tide roost sites. As previously noted impacts
up and down stream of the development will be addressed in detail as part of the controlled action assessment
process and once hydrodynamic modelling has been completed.
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Table 3: Attribute presence and assessment of contribution to the ecological character of the Moreton Bay Wetland

Estuarine/Intertidal
areas

Coastal and sub-
coastal vegetation

There are approximately 32.7 ha of seagrass within the PDA. The seagrass meadows are
predominantly in the intertidal and shallow subtidal zone between the foreshore and Cassim Island,
the island of mangroves offshore adjacent to the Toondah Harbour PDA.

Moreton Bay supports 189 km? of seagrass. The largest and most dense seagrass meadows are in the
eastern bay surrounding South Passage between Moreton and Stradbroke islands; though there are
also substantial meadows in the southern and western parts of the bay. With increasing urbanisation
and industrial development, seagrass meadows within western Moreton Bay have been lost over the
past decades. While some meadows have been lost as a direct result of infilling, a far greater area of
seagrass has been lost as a result of changes in water quality.

There are approximately 1.2 ha of saltmarsh south of (and none within) the PDA. The saltmarsh is in
the upper most intertidal zone with the mangroves offshore. The saltmarsh is highly disturbed by the
developed areas along the foreshore.

Within Moreton Bay, there is approximately 2,034 ha of saltmarsh habitat. The eastern side of
Moreton Bay is typically dominated by the rush Juncus kraussii due to abundant freshwater in the
intertidal zone, while the western side of Moreton Bay is dominated by chenopod species of
Sarcocornia and Suaeda due to the hypersaline intertidal sand flats.

There are approximately 5.3 ha of mangroves within the PDA. The mangrove forests are along the
upper intertidal zone and are bordered by mud and sand flats. The mangrove forests along the
foreshore are highly disturbed by the developed areas.

In the Moreton Bay Marine Park there are approximately 140 km? of mangroves, with the largest
communities in Pumicestone Passage and the southern bay islands, south of Jacobs Well.

There are scattered corals to the north and east of Cassim Island and there may also be some coral
within and to the south of Fison Channel (the existing highly trafficked public navigation channel).
There are areas of soft coral and hard coral reef to the east of Cassim Island, outside the PDA.

While mangrove, seagrass and mud flat habitat is present within the PDA the amount present on site
is minor in comparison to the broader Moreton Bay area (mangroves ~0.0002% and seagrass
~0.001%). These would all be considered to provide a minor contribution to the overall ecological
character of the Moreton Bay Wetland.

No Tree, wet heat swamps or Grass, sedge and herb swamps were identified by the terrestrial or
aquatic ecological surveys as being present within or adjacent to the PDA.
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Open beaches Not present

Seagrass Moderate
Presence
Salt and mud Moderate
flats, salt marshes  Presence
Mangroves and Minor
related tree Presence

communities

Rocky reefs Not Present

Sand shoals Not Present

Tree swamp— Not Present
Melaleuca spp.
and Eucalyptus

spp.

Environmental Site Description Presence of Contribution to
Feature Attribute Ecological Character

Not Applicable

Minor Contribution

Minor Contribution

Minor Contribution

Not Applicable

Not Applicable

Not Applicable



Environmental Site Description Presence of Contribution to
Feature Attribute Ecological Character

Wet heath Not Present Not Applicable
swamp

Grass, sedgeand  Not Present Not Applicable

herb swamp
Migrat(?ry Mudflats within the PDA were identified as providing feeding habitat for migratory shorebirds atlow  Eastern curlew Moderate Moderate
shorebirds tide including known feeding habitat for the critically endangered Eastern Curlew (maximum of 7 habitat (known) Presence Contribution

birds observed), the critically endangered Great Knot (a single bird on a single survey) and the
vulnerable Bar-tailed Godwit (Western Alaskan) (average of 25 and maximum of 36 birds).

Two shorebird roost sites (Nandeebie Claypan and Cassim Island) recognised as important roosting Grey tailed tattler  Not Present Not Applicable
habitat for migratory shorebirds are located immediately adjacent to the PDA boundary, and a third habitat (known)
important roost site, Oyster Point, is located 600 m south of the PDA.

The Nandeebie Claypan roost is used regularly by migratory shorebirds, particularly on spring high Shorebird Moderate Minor Contribution
tides. During the summer months late September to March over the period 1995 to 2015, an average  feeding areas Presence

of 474 migratory shorebirds were recorded on the surveys when migratory shorebirds were present. (intertidal areas,

Migratory shorebirds recorded using Nandeebie Claypan include the critically endangered Eastern beaches etc.)

Curlew (an average of 25 and maximum of 180 birds recorded on the 67% of summer surveys when

the species was present), the critically endangered Great Knot (an average of 27 and maximum of 90

birds recorded on the 15% of summer surveys when the species was present), the critically Shorebird Not Present Significant
endangered Curlew Sandpiper Calidris ferruginea very rarely present; only 1-2 birds recorded in 2 of roosting sites in PDA Contribution
114 summer surveys) and the vulnerable Bar-tailed Godwit (an average of 609 and maximum of 2,300  (@bove high Significant

birds recorded on the 56% of summer surveys when the species was present). Birds using the water mark) Presence

Nandeebie Claypan also use the nearby Oyster Point shoreline roost, moving between the two roost adjacent to

sites depending on the height of the tide and extent of disturbance at Oyster Point. PDA

The Cassim Island mangroves, located 30m from the PDA boundary, are used daily as a high-tide
roost during the summer months by four migratory shorebird species; an average of 699 and
maximum of 920 migratory shorebirds were recorded roosting during four summer high-tide surveys.

Any works within the PDA (reclamation or dredging) will result in impacts on intertidal mudflats
which are currently utilised by wader birds as feeding habitat. There are more than 75 km? of
intertidal mudflat throughout Moreton Bay. Approximately 40 ha of mudflats including seagrass areas
are located within the PDA boundary and therefore is the maximum direct impact that could occur.
Even if all of these areas were impacted it would still only result in approximately 0.007% of intertidal
mudflats within Moreton Bay being affected. It is noted that a small number of the critically
endangered Eastern Curlew were observed feeding in these areas therefore there will be some
potential for impact on this species.
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Environmental Site Description Presence of Contribution to
Feature Attribute Ecological Character

The Nandeebie Claypan and Cassim Island high tide roost site are located adjacent to the PDA and it
is acknowledged that both of these areas provide high value habitat for migratory shorebirds. Site
design and management measures will be targeted at avoiding any permanent or long term impacts
to these areas and their ongoing use as roost sites.

Threatened plant The EBPC Act Protected Matters Search Tool database search identified a number of threatened flora Olearia Not Present Not Applicable
species species that may or are likely to occur within the study area. No threatened flora species have been hygrophila
recorded within a 1 km radius of the study area on the databases that were searched, none were habitat
detected during the field survey of the study area, and the study area does not contain habitat Phai p Not P Not Apolicabl
suitable for any of the threatened flora species identified as having the potential to occur. hagliltl;tau“m s G SRARRIEIS
Phaius bernaysii Not Present Not Applicable
habitat
Thesium austral Not Present Not Applicable
habitat
Cryptocarya Not Present Not Applicable
foetida habitat

Other (specify) Not Present Not Applicable

Marine fauna Twenty-one migratory marine species were listed as potentially occurring within 5 km of the Humpback Not Present Not Applicable
habitat proposed project using the protected matters search tool. Of these listed migratory species, 12 whales
species are also listed as threatened species. Dolphins Minor Minor Contribution
The 'potential area of impact' for the purposes of this assessment comprised shallow inshore waters Presence
of Moreton Bay within and adjacent to Toondah Harbour, including Fison Channel. Of the listed
migratory species, loggerhead turtles, green turtles, Indo-Pacific humpback dolphins and dugong are ~ Marine turtles Minor Minor Contribution
highly likely and hawksbill turtles are moderately likely to occur in the potential area of impact. Presence
The loggerhead turtle forages in a wide range of intertidal and subtidal habitats, including coral and Dugong Minor Minor Contribution
rocky reefs, seagrass meadows, and non-vegetated sand or mud areas. They tend to maintain small Presence
home ranges within their foraging grounds (within approximately 10 to 15 km of coastline). Moreton
Bay is an important foraging ground for the loggerhead turtle. Loggerhead turtles are moderately Grey nurse shark  Not Present Not Applicable
likely to occur in marine habitats within and adjacent to the Toondah Harbour project, particularly in
the seagrass beds. Wallum sedge Not Present Not Applicable
Immature green turtles are carnivorous, while adults are generally herbivorous, feeding mostly on frog
algae and seagrass. Adults will occasionally eat other items such as mangrove fruit, sponges and .
Water mouse Not Present Not Applicable

jellyfish. Adult green turtles typically forage in shallow benthic habitats, such as tidal and subtidal
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Environmental Site Description Presence of Contribution to
Feature Attribute Ecological Character

coral and rocky reefs and inshore seagrass beds and algae mats. Green turtles are likely to occur in
marine habitats within and adjacent to the Toondah Harbour, particularly in the seagrass beds.

Indo-Pacific humpback dolphins have only been recorded feeding in shallow waters. They feed in a
variety of habitats, from mangroves to sandy bottom estuaries and embankments to rock and / or
coral reefs. They are opportunist-generalist feeders, consuming a wide variety of coastal and estuarine
fishes, but also reef, littoral and demersal fishes, and some cephalopods and crustaceans. Given their
known population in Moreton Bay and preference for shallow coastal and estuarine areas, the Indo-
Pacific humpback dolphin are likely to feed in or traverse within marine habitats of the Toondah
Harbour project area.

The population of dugongs in Moreton Bay has been estimated to range between approximately 503
to 1019 individuals. The eastern banks of Moreton Bay supported 80-98% of the dugong population
at any one time. In this area, there are several dugong 'hot spots' generally associated with seagrass
communities. Dugongs feed almost exclusively on seagrass, particularly H. uninervis, H. ovalis and H.
spinulosa, and principally inhabit seagrass meadows of shallow, protected bays and mangrove
channels. Dugong have been observed near Toondah Harbour and are likely to occur within the
marine habitats of the Toondah Harbour project area, particularly in the seagrass beds.

No protected fish habitat is located within or adjacent to the PDA and no threatened fish species are Protected Fish Not Present Not Applicable
expected to utilise the areas including Oxleyan pygmy perch which are generally regarded as Habitat Areas

restricted to streams, swampy areas and lakes in coastal wallum. .
2 Oxleyan pygmy Not Present Not Applicable

perch habitat

Lakes and No lakes or enclosed water bodies are present within or adjacent to the PDA. Window sand Not Present Not Applicable
enclosed water lakes

bodi
odies Perched sand Not Present Not Applicable

lakes

Artificial water Not Present Not Applicable
body habitats

(dams, ring tanks

etc.)
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The assessment of the site’s contribution to the environmental character of Moreton Bay can be summarised as
follows:

=  Estuarine/Intertidal Areas — The PDA contains moderate to minor presence of estuarine and intertidal
habitats including sparse seagrass beds, a small area of mangroves and mud flats providing feeding habitat
for migratory shorebirds. The PDA contains less than 0.001% of the total area for these habitat types in
Moreton Bay and would be considered to provide a minor contribution to the overall ecological character
of the wetland.

= Coastal and sub-coastal vegetation - No swamps were identified by the terrestrial or aquatic ecological
surveys as being present within or adjacent to the PDA therefore the site does not provide a contribution
to the ecological character of the wetland for these attributes.

= Migratory shorebirds - The PDA area contains intertidal feeding habitat for a number of migratory
shorebirds including the critically endangered Eastern Curlew, the critically endangered Great Knot and the
vulnerable Bar-tailed Godwit (Western Alaskan). Similar habitat is found throughout Moreton Bay with the
site providing less than 0.001% of this habitat type. Two high tide roost sites are located adjacent to the
PDA being the Nandeebie Claypan and Cassim Island. These areas are recognised as having high

importance to shorebirds in the region and site design and management will focus on avoiding any
permanent or long term impacts to these areas. The site is considered to provide a moderate to minor
contribution to shorebird feeding habitat and a significant contribution to shorebird roosting sites.
Figure 2 shows the location of the shorebird habitat and roost sites in relation to the PDA.

= Threatened Plant Species - No threatened flora species have been recorded within a 1 km radius of the
study area on the databases that were searched, none were detected during the field survey of the study
area, and the study area does not contain habitat suitable for any of the threatened flora species identified
as having the potential to occur. The site does not provide a contribution to the ecological character of
the wetland for these attributes.

=  Marine Fauna Habitat - 21 migratory marine species were listed as potentially occurring within 5 km of the
proposed project using the protected matters search tool. Twelve of these species are also listed as
threatened under the EPBC Act. Of the listed migratory species, loggerhead turtles, green turtles, Indo-
Pacific humpback dolphins and dugong are highly likely and hawksbill turtles are moderately likely to occur
in or near the PDA. While potential habitat for these species is located at Toondah Harbour similar or better

habitat is present throughout Moreton Bay. The site is considered to provide a minor contribution to the
ecological character of the wetland for its marine fauna habitat attributes.

= Fish - No protected fish habitat is located within or adjacent to the PDA and no threatened fish species are
expected to utilise the areas including Oxleyan pygmy perch which are generally regarded as restricted to
streams, swampy areas and lakes in coastal wallum. The site does not provide a contribution to the
ecological character of the wetland for these attributes.

= Lakes and Enclosed Water Bodies - No lakes or enclosed water bodies are present within or adjacent to the
PDA. The site does not provide a contribution to the ecological character of the wetland for these
attributes.
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Figure 2: Shorebird Habitat and Roosting Sites
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Determination of Significant Impacts

EPBC Act Policy Statement 1.1 - Significant impact guidelines sets out the criteria for determining the likelihood of
an action having a significant impact on the ecological character of a declared Ramsar wetland (refer to the
introduction for specific criteria). Using the criteria along with the results of the local presence and contribution to
the ecological character of the wetland assessment an approach to determining significant impacts at the site level
is possible. As identified above the site contributes to the following wetland characteristics:

=  Minor contribution to estuarine and intertidal habitat;
= Moderate to minor contribution to shorebird feeding habitat and a significant contribution to shorebird

roosting sites; and
=  Minor contribution to marine fauna habitat.

Using this information the significant impact criteria can be targeted at those areas of the site contributing to the
ecological characteristics. Table 4 provides a matrix of how the significant impact criteria should be applied based
on the contribution to ecological character.

Table 4: Likelihood of Significant Impacts

Areas of the wetland being destroyed or substantially modified

Areas of the site contributing to the wetland include the estuarine and intertidal habitat. These areas provide a
minor contribution to the ecological character of the Moreton Bay wetland therefore potential for significant
impacts are considered unlikely.
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A substantial and measurable change in the hydrological regime of the wetland

While hydrological changes have not been assessed as part of these investigations any changes have the potential
to result in impacts to parts of the wetland up and downstream of the project area. This includes areas adjacent to
the PDA that contribute to the ecological character of the wetland such as a 1.2 ha of saltmarsh to the south of the
PDA and additional intertidal habitat including seagrass and mudflats (refer to Figure 2). The reclamation may also
resultin changes to the tidal processes within Moreton Bay which may impact on ecologically sensitive areas within
Moreton Bay

Detailed hydrodynamic modelling will be carried out as part of the controlled action assessment and will contribute
to final design of the site footprint. The design will seek to minimise changes to hydrology and erosion and accretion
outside the immediate impact area. The scope of the detailed modelling will be discussed and confirmed with DoEE
through the ongoing assessment process.

As detailed modelling is yet to be carried out the precautionary principle has been applied and therefore it is
considered likely the project will result in a measurable and permanent change to hydrodynamics in a zone of
influence around the reclamation however is unlikely to result in a change that would affect the wetland as a whole.

The habitat or lifecycle of native species being seriously affected

The Toondah Harbour PDA and adjacent areas are considered to provide a minor contribution to the ecological
character of the wetland for its marine fauna habitat attributes, a moderate to minor contribution to shorebird
feeding habitat and, a significant contribution to shorebird roosting sites.

The project s likely to result in permanentimpacts to a small area of shorebird feeding habitat as a result of dredging
and reclamation works. While the impact will be small in comparison to habitat for native species present
throughout the Moreton Bay Ramsar wetland, as they are permanent impacts and will affect an area of minor to
moderate ecological character, there is the potential for significant impacts to occur. If detailed studies identify that
significant impacts will occur an offsets package would be developed in consultation with the DoEE and in
accordance with the EPBC Act Environmental Offsets Policy. Offsets would be designed at ensure the project results
in an overall benefit on shorebirds. Specific activities may include rehabilitation of areas in the Ramsar Wetland to
increase the quality and availability of shorebird habitat or implementation of management measures such as
fences and noise barriers to improve existing areas of habitat.

It is noted that the assessment of impacts to migratory species found that the carrying capacity of the Moreton Bay
wetlands for supporting migratory shorebirds is likely to be underutilised therefore migratory shorebirds may not
currently be subject to density-dependent population regulation. This underutilisation is likely a result of factors
outside Moreton Bay, in particular impacts to coastal mudflats in the Yellow Sea. A recent study carried out by
Studds et al (2017) found “Yellow Sea reliance was the single most important predictor of variation in population trends”
and that “Population trends were strongly negatively related with Yellow Sea reliance”.

It is therefore likely any birds displaced as a result of the project would continue to feed in other areas of Moreton
Bay.

The project will be designed and managed to avoid any permanent impact on the roosting sites through the use of
buffer areas and a number of other measures including:

= A buffer from urban, tourism and retail uses of at least 250m to the Cassim Island roost area. The buffer
distances exceed those identified through review of several studies on flight initiation distances for a range
of migratory shorebird species (refer to Table 5.1 of Attachment 6 —Terrestrial Impact Assessment - to this
EPBC referral);
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= construction of appropriate barriers, such as fences to restrict access; ideally, there should be no public
access (by humans and/or domestic animals) to areas identified as important to migratory shorebirds;

= landscape, architecture and urban design to include sympathetic lighting strategies, vegetation screening
and sound attenuation; and

= increased community education through mechanisms such as educational program through a proposed
wetland education and cultural centre and interpretive signs at access points to shorebird habitats.

While impacts to the high tide roost sites that adjoin the PDA will be mitigated, given these areas provide a
significant contribution to the ecological character of the Moreton Bay Ramsar Wetland the precautionary principle
has been applied and therefore it is considered likely the project will result in temporary impacts to the roost sites
which may have a significant impact on migratory shorebirds. Further detailed studies will be carried out as part of
future assessment processes including development of a shorebird management plan to ensure protection of the
high tide roost sites is considered during the planning, construction and ongoing use phases of the development.

A substantial and measurable change in the water quality of the wetland

Three turbidity loggers have been installed at and around Toondah Harbour since September 2015 to provide an
indication of baseline water quality. Data collected between 9 September 2015 and 22 September 2017 was
summarised and provided as Attachment 7 to the EPBC Act referral.

The mean turbidity over the 24 months of sampling was 20.6 NTU, 30.5 NTU and 12.6 NTU at sites 1, 2 and 3
respectively with 95th percentiles of 74.9, 100 and 40.4. Overall, turbidity was generally highest during the wetter
seasons of late spring and summer at all sites.

Water quality in Queensland is protected under the Environmental Protection (Water) Policy 2009 (EPP (Water)) using
Water Quality Objectives (WQOs). The Moreton Bay Environmental Values and Water Quality Objectives (June 2010)
specifies a WQO for the project area for turbidity of 5 NTU. The median turbidity at all three sites over the 24 months
(7.8 NTU to 11.1 NTU) exceeded the WQO.

While there may be some short term impacts to water quality, in particular turbidity, as a result of dredging and
reclamation works the harbour is already subject to high levels of turbidity. The project is expected to provide a
long term benefit as dredging will fix existing issues with Fison Channel which frequently re-suspends sediments
when used by boats and ferries.

Management measures will be put in place during construction activities to minimise the temporary impacts to
water quality outside of the project footprint. Specific measures may include:

= designing the project to minimise the area of sediment and / or soils being disturbed;

= using temporary enclosures (complete enclosures such as sheet piles or alternate enclosures such as silt
curtains) to reduce the intensity and spatial distribution of potential impacts;

= isolate the disturbance areas, for example by using sheet piles, silt curtains, oil spill booms, bunding,
trenching and / or similar technologies;

= identification and management of acid sulfate soils and other contaminants, through a sediment sampling
and analyses plan (SAP) developed in accordance with the National Assessment Guidelines for Dredging
2009;

= developing thresholds for turbidity and suspended solids, and appropriate management (e.g. triggers for
ceasing works) for seagrass and corals and monitoring water quality during construction; and

= monitoring changes in seagrass and coral communities post-construction to determine any potential
impacts.
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Establishment of an invasive species
Management measures will be put in place to avoid establishment of invasive species therefore no significant
impacts will result from this criteria.

Conclusion and Potential Benefits

While appropriate management measures will minimise the potential to impact on the Moreton Bay Ramsar
wetland it is acknowledged that, if a precautionary approach is applied, the potential for significant impacts exist
therefore the project will be referred as a controlled action to allow more detailed assessment under the EPBC Act
to be carried out. It is noted that once projects are within a controlled action process offsets and benefits associated
the project can be considered.

An ecological character description (ECD) is still in preparation by the State Government for the Moreton Bay Ramsar
Wetland. In the absence of a formal ECD for the site, this referral has defined the ecological character of the Moreton
Bay Ramsar Wetland to be those key environmental values that contribute to the listing criteria of the site. Further
studies will be carried out early in the assessment process to develop an understanding of the critical elements of
ecological character for the area around Toondah Harbour at a site level, and place these within the context of the
wider Moreton Bay Ramsar Site.

This will include a multi-disciplinary approach to conduct an initial evaluation of the ecological components,
ecosystem processes and ecosystem services/benefits. The approach will follow the National Framework and
Guidance for Describing the Ecological Character of Australian Ramsar Wetlands (DEWHA, 2008) and information
will be drawn from the unpublished Moreton Bay ECD produced in 2008 as well as empirical data and other sources.

Specific activities will include:

= Identification of critical ecological components including physical form, soils and substrates, biota and
physico-chemical components;

= Identification of critical ecosystem processes including climate, geomorphology, hydrology, energy
dynamics, physical processes, species interactions, and nutrient/biogeochemical cycling;

= |dentification of critical ecosystem services/ benefits including provisioning, regulating, cultural and
supporting services and linkages with specific beneficiaries; and

= Brief rationale for defining each of the elements as ‘critical’.

It is envisaged this will be further refined and detailed in consultation with DoEE and environment and wetland
experts. The site level assessment will then form an integral component of the EIS process.

Walker Group have held discussions with a number of State and Local Government departments as well as
community groups to identify a range of measures that would provide a benefit to the Moreton Bay Ramsar
Wetland. These measures include:

= |dentifying new conservation areas using the following criteria:
o Belocated within or adjacent to the Moreton Bay Ramsar Wetland;
o New areas should contain similar characteristics to those impacted;
o Conservation outcomes associated with the new areas must be achievable and have an acceptable
level of risk of success.
= Investigating the possibility of modifying the Ramsar wetland boundary to designate new areas of
waterfowl habitat to the Ramsar site. This may include approximately seven hectares of Moreton Bay south
of the PDA into the Ramsar area which contains features of high ecological value such as mangroves and
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tidal flats. Tidal areas of Moreton Bay are predominantly owned and managed by the State Government,
therefore; negotiations will be held with the relevant agencies to identify how this could be accomplished.
Community ranger education and sponsorship programs to ensure active land and sea country
management in Moreton Bay;

A feral pest management program;

Programs for improving water quality from the adjacent catchment;

Various remediation and rehabilitation projects within and adjacent to the Moreton Bay Ramsar Wetland.
These could include management of mangrove incursion in Nandeebie Claypan and rehabilitation of salt
marsh south of the PDA. Further opportunities will be discussed with the community and relevant
government agencies;

Koala habitat tree planting in the PDA and surrounding koala movement corridors, and a collaring and
monitoring program;

Use of sea life friendly propellers for vessels using marina (potential Australia first);

Development of a wetland centre within the development area;

Creation of new conservation park on eastern boundary with restricted access;

Implementation of bird hide/s in various areas;

Community awareness programs (koalas, birds, marine life, Aboriginal cultural heritage);

Exploration of Moreton Bay fishing net buy back partnership; and

A pilot migratory shorebird offset in the Yellow Sea, which would address one of the key reasons for a
general decline in migratory birds in Moreton Bay.
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Attachment 4 - Assessment of Potential Impacts on
€EPBC Act Threatened and Migratory Species

Introduction

It is recognised that the proposed Toondah Harbour development has the potential to have a significant impact on
species listed as Threatened or Migratory under the Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act) and therefore the project will be a controlled action to allow more detailed assessment to be carried out.

An EPBC Act Protected Matters Search for the site using a 5 kilometre buffer zone (refer to Attachment 2) identified
the following as having potential to occur on, or in vicinity to, the site:

= 3 Listed Threatened Ecological Communities:
o Coastal Swamp Oak (Casuarina glauca) Forest of New South Wales and South East Queensland
(endangered) - community likely to occur within the area
o Lowland Rainforest of Subtropical Australia (critically endangered)- community likely to occur
within the area
o Subtropical and Temperate Coastal Saltmarsh (vulnerable) - community likely to occur within the
area;
= 10 listed threatened flora species;
= 56 listed threatened fauna species; and
= 76 listed migratory Species.

A number of flora and fauna surveys including desktop (government databases, regional level studies, etc) and site
specific ecological field surveys have been carried out at the site. This includes detailed terrestrial (BAAM 2017) and
aquatic (FRC environmental 2017) ecological studies within and adjacent to the PDA. Specific investigations
relevant to the Ramsar wetland include:

= Benthic habitat survey within and adjacent to the PDA;

=  Migratory shorebird surveys including five summer and one winter survey carried out between October
2014 and June 2015;

= Review of 20 years of high tide surveys conducted by the Queensland Wader Study Group at a high tide
roost site to the south of the PDA (Nandeebie Claypan); and

= Onground confirmation of remnant vegetation communities and mangrove and intertidal vegetation; and

= Assessment of the likelihood of protected marine and intertidal flora and fauna utilising the site.

The technical reports and summaries detailing the outcomes of the assessment are provided in response to sections
2.4 and 2.5 of the referral (refer to Attachments 5 and 6 to the referral).

Threatened and Migratory Species Assessment Summary

A likelihood of occurrence assessment has been carried out by BAAM (terrestrial species including wader birds) and
FRC environmental (marine species) using information from the desktop and field surveys assessing the potential
for each threatened species and community to utilise the site. For detailed assessment of the likelihood of
occurrence all species identified by the PMST search refer to Attachments 5 and 6. Those species considered to
have a moderate or high likelihood of utilising the site are summarised in Table 1.
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Migratory Species Likelihood of Occurrence

The protected matters database searches identified 17 marine, six terrestrial and 33 wetland bird migratory species
as well as 20 marine migratory species (including whales, turtles and sharks) that may occur within the study area
or surrounds.

Eleven migratory bird species (including three critically endangered and one vulnerable species as addressed in
Table 1) were recorded within or immediately adjacent to the study area during field surveys, and a further eight
species were identified as having the potential to occur based on database records for the local area and presence
of suitable habitat. The remaining species or were assessed as unlikely to occur.

Refer to Attachment 6 - Terrestrial Ecology Assessment - of the referral for detailed assessment of these species.

Five marine migratory species (including whales, turtles and sharks) including two vulnerable and one endangered
species as addressed in Table 1 were identified as having a moderate or high potential to occur within or near
Toondah Harbour based on field survey, database records for the local area and presence of suitable habitat. The
two marine migratory species not listed as threatened are the Dugong and Indo-Pacific humpback dolphin. These
species were considered likely to occur as:

» Indo-Pacific humpback dolphins are known to occur in Moreton Bay and have a preference for shallow
coastal and estuarine areas. They are likely to feed in or traverse marine habitats of the Toondah Harbour
project area.

= Moreton Bay supports feeding and breeding populations of dugong. Dugong have been observed near
Toondah Harbour and are likely to occur within the marine habitats of the Toondah Harbour project area,
particularly in the seagrass beds.

Refer to Attachment 5 — Marine Ecology Assessment — of the referral for detailed assessment of these species.
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Table 1: EPBC Act Threatened Species Likely to Utilise the Site

Common Name

Species

EPBC Act
Threatened
Status

Ecology

Likelihood of Occurrence

Loggerhead Turtle

Green Turtle

Caretta caretta

Chelonia mydas

Endangered

Vulnerable

Loggerhead turtles are primarily found around coral and rocky reefs, seagrass beds and
muddy bays throughout eastern, northern and western Australia. Moreton Bay is an
important foraging ground for the loggerhead turtle.

Feeding Areas
The loggerhead turtle forages in a wide range of intertidal and subtidal habitats, including

coral and rocky reefs, seagrass meadows, and non-vegetated sand or mud areas. They tend
to maintain small home ranges within their foraging grounds (within approximately 10 to 15
km of coastline). Moreton Bay is an important foraging ground for the loggerhead turtle.

Breeding Areas
Loggerhead turtles nest on open, sandy beaches. The three major nesting areas for

loggerhead turtles in Queensland are in the Great Barrier Reef, and include:
= the Capricorn Bunker Island Groups, especially Wreck, Tryon and Erskine islands
= Mon Repos and adjacent beaches of the Woongarra Coast and Wreck Rock Beach,
together with
= theislands of the Swain Reefs, especially Pryce Island and Frigate, Bylund, Thomas
and Bacchi cays.
A small number of loggerhead turtles nest on the local sand islands of Bribie, Moreton, and
North and South Stradbroke.

Key Threats
Key threats include commercial and recreational fishing, coastal infrastructure and

development (including industrial, residential and tourism development), Indigenous
harvest, feral animal predation, and climate change.

The green turtle is globally distributed in tropical and sub-tropical waters, and is usually
associated with shallow marine habitats that support seagrass and algal communities. Green
turtles are known to feed on the seagrass in Moreton Bay.

Feeding Areas
Immature green turtles are carnivorous, while adults are generally herbivorous, feeding

mostly on algae and seagrass. Adults will occasionally eat other items such as mangrove fruit,
sponges and jellyfish. Adult green turtles typically forage in shallow benthic habitats, such as
tidal and subtidal coral and rocky reefs and inshore seagrass beds and algae mats. Green
turtles are known to feed on the seagrass in Moreton Bay.

Breeding Areas
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Moderate - Moreton Bay
supports a significant
loggerhead turtle feeding
population. Loggerhead
turtles are moderately likely to
occur in marine habitats within
and adjacent to the Toondah
Harbour project, particularly in
the seagrass beds.

High - Moreton Bay supports
feeding populations of green
turtles. Green turtles often are
observed in the seagrass beds
adjacent to the proposed
project. Green turtles are
highly likely to occur in marine
habitats within and adjacent
to the Toondah Harbour,



Common Name Species EPBC Act Ecology

Threatened
Status

Green turtles nest on sandy beaches. In Queensland, southern green turtle populations
typically nest around the Capricorn Bunker Groups and adjacent islands in the southern Great
Barrier Reef, but also nest on islands of the outer edge of the reef. There are no key nesting
areas in Moreton Bay; however, some turtles nest on the sandy beaches of the outer islands.

Key Threats
Key threats include commercial and recreational fishing, coastal infrastructure and

development (including industrial, residential and tourism development), Indigenous
harvest, feral animal predation, and climate change.

Hawksbill Turtle Eretmochelys Vulnerable The hawksbill turtle is globally distributed in tropical, sub-tropical and temperate waters.
imbricate There is a small resident population of hawksbill turtles in Moreton Bay.

Feeding Areas
Hawksbill turtles are heavily reliant on coral reef and rocky habitats, where they forage mainly

on sponges but also seagrass, algae, squid, gastropods, sea cucumbers, soft corals and
jellyfish. As juveniles, they eat plankton. Feeding areas occur throughout eastern
Queensland, from Torres Straight to Julian Rocks in northern New South Wales.

Breeding Areas
Hawksbill turtles nest on sandy beaches in the northern Great Barrier Reef and the Torres

Strait. In Australia, the key nesting and inter-nesting areas include:

Milman Island and the inner Great Barrier Reef Cays north from Cape Grenville
Central

Torres Strait islands

Crab Island

Murray Islands

Darnley Island

Woody Island

Red Wallis and Woody Wallis Islands

Bramble Cay and Johnson Islet (Torres Strait), and

Western Cape York Peninsula (DEHP 2005).

Migration Routes
Hawksbill turtles that nest or forage on the east coast of Australia migrate to Indonesia, Papua

New Guinea, the Solomon Islands, and Vanuatu.
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particularly in the seagrass
beds.

Moderate - Despite not
providing critical habitat, there
is a small resident population
of hawksbill turtles in Moreton
Bay, and they may feed in, or
traverse, the proposed project
area. There is a moderate
likelihood that hawksbill
turtles occur in marine habitats
within and adjacent to the
Toondah Harbour project.



Common Name

Eastern Curlew

Bar-tailed Godwit
(Western Alaskan)

Species

Numenius
madagascariensis

Limosa lapponica
baueri

EPBC Act

Threatened
Status

Critically
Endangered

Vulnerable

Ecology

Key Threats
Key threats include commercial and recreational fishing, coastal infrastructure and

development (including industrial, residential and tourism development), Indigenous
harvest, feral animal predation, and climate change.

Habitat and ecology

In Australia, Eastern Curlew feeds during the low tide phase of the tide cycle on open
intertidal mudflats or sandflats with relatively soft sediments with or without seagrass, and
usually within 50 m of the low-water mark In Moreton Bay, the average summer density of
feeding Eastern Curlews ranges between 3.7 and 71.9 birds per 100 ha of mudflat and is most
strongly related to substrate resistance, with the birds preferring areas with softer sediments
that they can more easily probe into to capture prey. During the high tide phase of the tidal
cycle, Eastern Curlews roost in small to large flocks on sandy spits, sandbars, shallow lagoons,
saltmarshes and claypans near the high-water mark.

Migration Routes
Migrating Eastern Curlews leave Moreton Bay over a period of about one month in March,

but arrive back over a more extended period from August through to December; however
25% of Eastern Curlews in Moreton Bay do not migrate and remain through the austral
winter. Most Eastern Curlews appear to migrate along the east coast of China and the Yellow
Sea provides extremely important stopover feeding habitat for about 80% of the flyway
population to replenish their fat reserves before continuing their migration.

Key Threats
Threats to Eastern Curlew in Australia include ongoing human disturbance at feeding and

roost sites, habitat loss, habitat degradation from pollution, changes to the water regime and
invasive plants. Key threats along their migration route are feeding habitat loss resulting from
large land reclamation projects and habitat degradation resulting from aquaculture, gross
pollution and invasion of salt marshes by exotic Spartina grass, particularly at key stopover
migration staging sites in the Yellow Sea.

Habitat and ecology

In Australia, Bar-tailed Godwits feed during the low tide phase of the tide cycle on open
intertidal mudflats or sandflats with relatively soft sediments, usually foraging near the edge
of the water or in shallow water. They feed on polychaete worms, molluscs, crustaceans and
insects. In the highest quality feeding habitats on the eastern side of Moreton Bay, Bar-tailed
Godwit feeding densities ranged between 3 and 8 birds per hectare of sandflat. During the
high tide phase of the tidal cycle they roost in large flocks on sandy beaches, sandbars, spits
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High - During the summer
months October 2014 to
February 2015, an average of
4.8 and maximum of 7 Eastern
Curlew were recorded feeding
on mudflats within the study
area. Eastern Curlews were
recorded roosting at the
Nandeebie Claypan roost site.

High - surveys identified an
average of 24.8 and maximum
of 36 Bar-tailed Godwits were
recorded feeding on intertidal
mudflats within the Toondah
Harbour PDA. The feeding
density recorded within the



Common Name

Great Knot

Species

Calidris
tenuirostris

EPBC Act

Threatened
Status

Critically
Endangered

Ecology

and in near-coastal saltmarsh. Bar-tailed Godwits have high fidelity to feeding and roosting
sites in Moreton Bay, returning to the same feeding areas and roost sites both within and
between seasons.

Migration Routes
Satellite tracking has shown that migrating Bar-tailed Godwits (western Alaska) leave

Australia and New Zealand in March, making long flights (average 10,060 km) to staging sites
in the Yellow Sea, where they stage for an average of 41 days to replenish their fat reserves
before flying an average of 6,770 km to their breeding grounds. After completion of
breeding, the birds stage for several weeks in southwest Alaska before either making non-
stop flights across the Pacific Ocean to New Zealand (11,690 km in a complete track) or
stopovers on islands in the south-western Pacific en route to New Zealand and eastern
Australia. One satellite tracked bird made a non-stop flight of around 10,200 km in about
eight days. After making these flights, the birds arrive starving on the staging sites; this
highlights the critical importance of conserving sufficient intertidal feeding habitat in the
staging areas to allow the birds to refuel.

Threats

The greatest threat facing Bar-tailed Godwits is habitat loss and degradation at key staging
areas in the Yellow Sea, where about 80% of the East Asian-Australasian Flyway population
stage on the northward migration. Other threats, including in Australia, include human
disturbance at feeding and roosting sites, habitat loss and degradation from pollution,
changes to the water regime and invasion of mudflats and coastal saltmarshes from the
spread of mangroves.

Habitat and ecology
In Australia, Great Knots feed during the low tide phase of the tide cycle on open intertidal

mudflats or sandflats with relatively soft sediments, often feeding in flocks in shallow water at
the mudflat/sandflat edge. Great Knots feed mostly on bivalve and gastropod molluscs,
polychaete worms and Brachyura and Ostracoda crabs. During the high tide phase of the
tidal cycle, Great Knots roost in often large flocks on sandy spits, sandbars, shallow lagoons,
saltmarshes and claypans, often at the water’s edge or in shallow water near the high-water
mark.

Migration Routes
Most migrating Great Knots leave Australia from the north coast in March-April, flying directly

to the Yellow Sea region of China and Korea, with a few to Japan, where they stage and spend
time feeding to replenish their fat reserves before continuing their migration north to the
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study area (average 0.62
birds/ha, maximum 0.9
birds/ha) is substantially less
that the densities of 3 to 8
birds/ha recorded in the
highest quality feeding
habitats on the eastern side of
Moreton Bay. Bar-tailed
Godwits were recorded
roosting at the Nandeebie
Claypan roost site (south of the
existing ferry terminals,
outside of the PDA) and at
Oyster Point located 600 m
from the PDA).

Moderate - During the low tide
surveys, only a single Great
Knot was recorded feeding on
intertidal mudflats within the
Toondah Harbour PDA on a
single survey. The high tide
survey results suggest that
Great Knot occasionally roosts
in relatively small numbers at
the Nandeebie Claypan roost
(south of the PDA) site as well
as at the Oyster Point roost site
located 600 m from the PDA.



Common Name

Curlew Sandpiper

Koala

Species

Calidris
ferruginea

Phascolarctos
cinereus

EPBC Act

Threatened
Status

Critically
Endangered

Vulnerable

Ecology

breeding grounds. After the breeding season, most adults congregate in the western and
southern Sea of Okhotsk in south-eastern Russia, then fly direct to northern Australia, while
some others move south to Korea before flying direct to Australia from there, arriving in late
August to September.

Key Threats
The greatest threat facing the Great Knot is habitat loss and degradation at key staging areas

in the Yellow Sea, which support about 80% of the East Asian-Australasian Flyway population
on the northward migration. Great Knot is considered more vulnerable to reclamation
activities than most other waders due to the very specific species and sizes of shellfish that
they eat. Other threats include disturbance at feeding and roosting sites and the longer-term
impact of climate change that is expected to reduce the area of intertidal feeding habitat.

Habitat and ecology
Curlew Sandpipers feed in both tidal and non-tidal wetlands. In tidal wetlands they forage on

mudflats, sandflats and nearby shallow water. In non-tidal wetlands they usually feed while
wading through shallow water. In Australia, Curlew Sandpipers have a varied diet, but feed
mostly on annelid worms, gastropod molluscs, crustaceans and insects. During the high tide
phase of the tidal cycle, they roost in open areas with a damp substrate, including on sandy
beaches, sandspits and islets in coastal lagoons and other wetlands.

Migrations Routes
Curlew Sandpipers start migrating north from their non-breeding sites in Australia between

mid-January and mid-April, most of them migrating through southern China, where Bahai
Bay is an important staging site, before they begin arriving on the breeding grounds in late
May to early June. After the breeding season, returning birds reach the northern shores of
Australia in late August and early September. However, substantial numbers of Curlew
Sandpipers remain in northern Australia throughout the nonbreeding season.

Threats
Threats in Australia include ongoing human disturbance, habitat loss and degradation from
pollution, changes to the water regime and invasive plants.

Habitat and ecology:

Koalas have a distinct association with eucalypt woodland and forest habitat types
containing suitable food trees, particularly those growing on alluvial or other fertile soils.
They are not necessarily restricted to bushland or remnant areas and are known to exist and
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Moderate - During the low tide
surveys, Curlew Sandpiper was
never recorded feeding on
intertidal mudflats within the
Toondah Harbour PDA.
Furthermore, very few, if any,
Curlew Sandpipers appear to
use nearby mudflats. This
suggests that feeding habitat
within the PDA and nearby
mudflats is of marginal
importance to Curlew
Sandpiper. The high tide
survey results suggest that
Curlew Sandpiper very rarely
roosts at the Nandeebie
Claypan roost site south of the
PDA.

High - The initial field survey
identified a total of 286 habitat
trees important for Koala are
scattered across the western
portion of the PDA as a



Common Name Species EPBC Act Ecology Likelihood of Occurrence

Threatened
Status

breed within farmland and the urban environment. Similarly, movement is not confined to component of the urban
vegetated corridors, as they also move across cleared rural land and through suburbs. environment. Koala scats were
observed under 33 of these
trees, confirming recent Koala
use of trees in the PDA, but no
Koalas were observed. On later

They use a variety of trees, including many non-eucalypts, for feeding and resting. They do,
however, have distinct, localised feeding preferences throughout their range, selecting some
species in preference to others. Tree species preferences vary around Queensland; in the
Redlands of south-east Queensland, the dominant diet species are Eucalyptus tereticornis
(Hasegawa 1995) and E. microcorys (Tun 1993), whereas on North Stradbroke Island, Koalas occasions, up to two Koalas

prefer E. robusta (55% of diet), E. pilularis (13%), E. tereticornis (10%) and Lophostemon were observed in habitat trees
confertus (8%). within the PDA, and up to

three Koalas were observed in
trees at Nandeebie Park south
Threats of the PDA.
Current threats to Koalas include habitat destruction and fragmentation, bushfire and
disease. Populations around urban areas are also at increased risk of mortality due to dog
attack and vehicle strike.
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Potential Impacts to Threatened and Migratory Species

The potential impacts of the Project on threatened and migratory species include the following:

= Direct impacts (reclamation areas) and indirect impacts to a small portion of the Moreton Bay Ramsar
wetlands;

= Directimpact on an area of intertidal mudflats and sandflats that is recognised as important feeding habitat
for migratory shorebirds, including known feeding habitat for two critically endangered and one
vulnerable species;

= Indirect impacts on mudflats and sandflats adjacent to the PDA that are recognised as important feeding
habitat for migratory shorebirds; indirect impacts relate to reduced food availability for migratory
shorebirds in intertidal mudflats and sandflats adjacent to the PDA in the event that altered water quality
or hydrodynamics affect benthic invertebrate abundance in intertidal mudflats and sandflats adjacent to
the PDA;

= Increased disturbance to migratory shorebirds roosting at three important roost sites for migratory
shorebirds located close to the Project, including roosts known to be used by three critically endangered
and one vulnerable species (see further detail below). Increased disturbance has potential to lead to a
substantial reduction in the use of the roost sites by migratory shorebirds;

= Increased disturbance to migratory shorebirds feeding on intertidal mudflats and sandflats adjacent to the
PDA in the event that the Project facilitates greater pedestrian access to these areas at low tide, particularly
the areas to the east of the Cassim Island mangroves that might be attractive to recreational walkers with
dogs;

= Short term disturbance of sediments and soil (increasing turbidity, suspended solids, sedimentation,
nutrients, contaminants and potential acid sulfate soils) during construction periods. Many fish and marine
megafauna (e.g. dolphins, turtles and dugongs) are likely to avoid areas of high turbidity and suspended
solids;

= Short term disturbance through increased noise and vibration during construction periods;

=  Altered hydrodynamics;

= Increased site access and boating;

= Loss of food trees used by several individuals of the vulnerable Koala in an urban area that is not recognised
as ‘habitat critical to the survival of Koala’;

=  Risk of mortality of Koalas during clearing of Koala habitat trees prior to construction; and

= Increased risk of mortality to the vulnerable Koala due to increased vehicle traffic and dog ownership
resulting from increased urbanisation.

Potential Impacts to Migratory Shorebirds

Potential direct impacts relate to the clearing of habitat or vegetation associated with the reclamations and
dredging associated with harbour and navigational upgrades and new wet berths and marine facilities. The loss of
important intertidal feeding habitat for migratory shorebirds, including for threatened species, could be expected
to lead to a corresponding decrease in the number of migratory shorebirds using the Moreton Bay Ramsar Wetland
proportional to the loss of habitat if migratory shorebird populations in Moreton Bay were currently subject to
density-dependent population regulation.

However, migratory shorebird populations using Moreton Bay have undergone substantial declines in recent years
due to factors outside of Moreton Bay. This suggests the carrying capacity of the Moreton Bay wetlands for
supporting migratory shorebirds is currently likely to be underutilised (i.e. migratory shorebirds are not subject to
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density-dependent population regulation due to the substantial loss of birds from the system as a result of declining
numbers year on year mainly associated with disruption in other parts of the flyway). This underutilisation is likely a
result of factors outside Moreton Bay, in particular impacts to coastal mudflats in the Yellow Sea. A recent study
carried out by Studds et al (2017) found “Yellow Sea reliance was the single most important predictor of variation in
population trends” and that “Population trends were strongly negatively related with Yellow Sea reliance”. As a result,
the loss of a relatively small area of intertidal feeding habitat (approximately 0.007% of intertidal mudflats within
Moreton Bay - refer to Attachment 3 of this referral) may not lead to a corresponding reduction in the number of
migratory shorebirds using Moreton Bay.

Indirect impacts to migratory shorebirds include increased disturbance while utilising the roost sites. The
development has the potential to increase disturbance to migratory shorebirds roosting in the mangroves of the
Cassim Island roost site as a result of:

= Presence of built infrastructure and human activities closer to the roost site than at present;

= Increased noise, particularly during Project construction and pile driving;

= Increased lighting of the roost site at night from Project lighting;

=  General project construction activities;

= Increased use of the waters within and adjacent to the roost by kayakers at high tide in the event that the
Project provides launching points for kayakers; and

= Increased use of the waters within and adjacent to the roost by small recreational boats at high tide
resulting from increased recreational boat traffic at Toondah Harbour.

Indirect impacts may include increased disturbance to migratory shorebirds roosting at the Nandeebie Claypan and
Oyster Point roost sites (which are external to the Site) may result from:

= Increased pedestrian and cyclist traffic along the existing public walkway adjacent to the Nandeebie
Claypan that increases the risk of people and dogs leaving the walkway to enter the roost site; and

= Increased recreational use of Oyster Point, where recreational activities already cause substantial
disturbance to roosting shorebirds.

Potential Impacts to other Marine Fauna

The project is unlikely to result in direct impacts to marine fauna however increased human activity during
construction, including changes in underwater noise levels, may affect the behaviour of fauna, particularly marine
mammals.

Underwater noise and other loud sounds may affect marine mammals by interfering with their use of sounds in
communication, especially in relation to navigation and reproduction. Marine mammals cease feeding, resting or
social interaction at the onset of acoustic disturbance and to initiate alertness or avoidance behaviours. Marine
mammials in the vicinity of frequent, high intensity noise are likely to be highly stressed or even physically harmed
and consequently, are likely to stay well away from continuously operating acoustic disturbance. Therefore, any
Indo-Pacific humpback dolphins, bottlenose dolphins or dugongs in the vicinity of the proposed development may
vacate the area on commencement of the proposed in-water works such as wet excavation. Noise from on-land
works is unlikely to disturb marine mammals. Any avoidance behaviour is likely to cease following completion of
the work

Turtles have relatively poor hearing and are far less likely to be impacted by underwater acoustic disturbance. In
the unlikely event that underwater construction does audibly disturb turtles, they may temporarily leave the area.
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Fish, turtles and marine mammals may also become trapped in excavation areas during dredging and reclamation
works. Impact to these marine fauna will depend on the time taken to excavate and the turbidity of the water during
excavation, with higher turbidity and longer periods more likely to negatively impact marine fauna. A number of
management measures will be put in place to reduce the risk of impact to fauna including the use of temporary
barriers and visual monitoring.

Operational Impacts

Once construction has been completed and residential and tourism uses (including the marina) commence there is
the potential for ongoing impacts to threatened and migratory species. The actions with the most potential to cause
ongoing impacts include:

= Anincrease in boating traffic and other recreational uses such as kayaking in and around the project area;
= Anincrease in lighting and noise associated with ongoing uses; and
= Ongoing maintenance dredging of the harbour, marina and entrance channel.

Moreton Bay is adjacent to the most populated region in Queensland and already subject to significant boat traffic
and recreational use. Toondah Harbour is an existing boat harbour including multiple ferry terminals and a public
boat ramp. The proposed development is unlikely to result in an overall increase in recreational uses in Moreton
Bay, but may result in an intensification of use around the site.

The proposed development may result in an increase in daily boat trips in the immediate area which could result in
additional risk of boat strike for marine fauna, in particular dugongs and turtles which risk injury when coming to
the water surface for air. There are a number of ‘go slow’ areas located in turtle and dugong hotspots throughout
the Moreton Bay Marine Park. However, these areas are generally located around the bay islands, in particular North
Stradbroke Island, with none located near Toondah Harbour.

Although the statutory plan for the PDA allows up to 400 marina berths, the proponent recognises the increased
risk of boat strike to marine fauna from recreational vessels, and has reduced the number of proposed marina berths
to approximately 200. Mandating sealife friendly propellers for vessels using the marina is also under consideration
as an innovative response to minimising injury should marine fauna be subject to vessel strike.

While lighting and noise may increase compared to existing conditions at the site, which has the potential to cause
disturbance to shorebirds, a minimum 250m buffer has been proposed between development and Cassim Island
and Nandeebie Claypan high tide roost sites. This exceeds best practice requirements to avoid impacts on migratory
species. The concept master plan for the development has been amended to ensure that most intensive human
activities are conducted in areas furthest from the roost sites. Sympathetic lighting strategies, vegetation screening
and sound attenuation will also be incorporated during detailed design to ensure impacts are avoided and
minimised.

Overall potential impacts to migratory birds and marine fauna can be managed through increased management of
the site and surrounds, educational tools and awareness raising. A range of measures have been identified that will
assist to minimise, mitigate and offset potential impacts to migratory birds and marine fauna, which will be explored
in detail through the EIS process. This includes:

* Increased management of the local area through a community ranger program
=  Wetland education and cultural entre

=  Community awareness campaigns

= Educational signage, in particular in areas surrounding high tide roost sites.
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Toondah Harbour and the 2.55km entrance channel is already subject to periodic maintenance dredging by the
state government and impacts would not be expected to be significantly different to what currently occurs. It is of
note that impacts from previous maintenance dredging campaigns are considered to be minor and have not
previously required referral under the EPBC Act. All options for treatment and disposal of dredge spoil from
maintenance dredging will be examined through the EIS process.

Significant Impacts to MNES

To assist proponents to determine if their proposed action is likely to have a significant impact on matters of national
environmental significance (MNES), the Commonwealth Government produced a series of guidelines on significant
impacts. Most relevant for Ramsar wetlands are the Significant Impact Guidelines 1.1 Matters of National
Environmental Significance (CoA 2013). These guidelines state that:

An action is likely to have a significant impact on a threatened species if there is a real chance or possibility that it
will:

= |eadto along-term decrease in the size of an important population (or any population for endangered and
critically endangered species);

= reduce the area of occupancy of an important population (or the species in general for endangered and
critically endangered species);

= fragment an existing important population into two or more populations (or any population or
endangered and critically endangered species);

= adversely affect habitat critical to the survival of a species;

= disrupt the breeding cycle of an important population (or any population for endangered and critically
endangered species);

= modify, destroy, remove, isolate or decrease the availability or quality of habitat to the extent that the
species is likely to decline;

= result in invasive species that are harmful to a critically endangered or endangered species becoming
established in the endangered or critically endangered species’ habitat;

= introduce disease that may cause the species to decline; or

= interfere with the recovery of the species.

An action is likely to have a significant impact on a migratory species if there is a real chance or possibility that it
will:

= substantially modify (including by fragmenting, altering fire regimes, altering nutrient cycles or altering
hydrological cycles), destroy or isolate an area of important habitat for a migratory species;

= result in an invasive species that is harmful to the migratory species becoming established in an area of
important habitat for the migratory species; or

= seriously disrupt the lifecycle (breeding, feeding, migration or resting behaviour) of an ecologically
significant proportion of the population of a migratory species.

While management measures will be put in place to mitigate any indirect impacts to threatened species (see below),
the removal of an area of low tide feeding habitat has some potential to reduce the area of occupancy for
endangered and critically endangered species and/or disrupt the lifecycle (breeding, feeding, migration or resting
behaviour) of an ecologically significant proportion of the population of a migratory species (defined at a national
level as 0.1% of the estimated national population of the species, and at an international level as 1% of the
population of the species).
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While Moreton Bay's carrying capacity of migratory shorebirds and marine fauna species is unlikely to be affected
the project will be referred as a controlled action to allow more detailed assessment under the EPBC Act to be carried
out. It is noted that once projects are within a controlled action process offsets and benefits associated the project
can be considered.

Management Measures

A number of management measures will be put in place through the design, construction and ongoing use of the
Toondah Harbour project to avoid potential impacts on MNES. Some of the key management measures are outlined
below however it is noted these will be refined and added to over the course of the assessment process.

Migratory Shorebirds
The project will be designed and managed to avoid any permanent impact on high tide roosting sites through the
use of buffer areas and a number of other measures including:

= construction of appropriate barriers, such as fences to restrict access; ideally, there should be no public
access (by humans and/or domestic animals) to areas identified as important to migratory shorebirds;

= landscape and urban design to include sympathetic lighting strategies, vegetation screening and sound
attenuation; and

= increased community education through mechanisms such as educational programs delivered through
proposed wetland education and cultural centre, and interpretive signs at access points to shorebird
habitats.

The implementation of a buffer zone around the Cassim Island shorebird roost site will likely be critical to mitigating
potential impacts on this important roost site. A buffer of approximately 250 m from any urban development to the
outer edge of the core roost site would keep disturbance to roosting shorebirds to a minimum.

In the event that the Project provides launch points for kayakers, implementation of a buffer exclusion zone, with
no public access to the roost site, would be critical for mitigating disturbance to roosting shorebirds. Effective
implementation of such a buffer exclusion zone would require interpretative signage specific to the Cassim Island
roost site to be placed at shoreline entry points as well as sufficient resources to regularly enforce the exclusion
zone over the long term. It is noted that kayakers and small motorised vessels such as jet skis already launch from
the boat ramp at Toondah Harbour therefore exclusion zones and educational signage would result in an
improvement to the current situation at Cassim Island.

The impact of disturbance from general Project construction activities, particularly activities such as dredging and
pile driving near sensitive areas, can be mitigated by timing these activities to occur over the winter months May to
August when most migratory shorebirds are absent from Moreton Bay. Construction will be staged over several
years therefore works can also be staged to ensure impacts are minimised.

The maintenance of tall mangrove vegetation between the north-western edge of the roost site and the Project
footprint would assist with screening the roost site from Project infrastructure and construction and operational
activities. Construction of a barrier fence and vegetation screening along the boundary of the public walkway
adjoining the Nandeebie Claypan roost site, together with site-specific information signs erected along the barrier
fence would help minimise the risk of public and dog access to the Nandeebie Claypan roost site. The suitability of
the Nandeebie Claypan roost site for migratory shorebirds could be enhanced though control of mangroves that
are slowly encroaching on the roost site, particularly along the eastern boundary of the roost site.
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Other Marine Fauna
Management measures will be put in place during construction activities to minimise the temporary impacts to
water quality outside of the project footprint. Specific measures may include:

= designing the project to minimise the area of sediment and / or soils being disturbed;

= using temporary enclosures (complete enclosures such as sheet piles or alternate enclosures such as silt
curtains) to reduce the intensity and spatial distribution of potential impacts;

= isolating the disturbance areas, for example by using sheet piles, silt curtains, oil spill booms, bunding,
trenching and / or similar technologies;

= identifying and managing acid sulfate soils and other contaminants, through a sediment sampling and
analyses plan (SAP) in accordance with the National Assessment Guidelines for Dredging 2009;

= developing thresholds for turbidity and suspended solids, and appropriate management (e.g. triggers for
ceasing works) for seagrass and corals and monitoring water quality during construction; and

= monitoring changes in seagrass and coral communities post-construction to determine any potential
impacts.

The risk of impacts to marine fauna as a result of noise and boat strike will be reduced further by preparing a Fauna
Management Plan. Measures to minimise potential impacts to marine fauna may include:

= where dredging or pile driving activities are occurring, every morning before works begin, or after works
have ceased for more than two hours and prior to it beginning again, appropriately trained Marine Fauna
Observers (MFOs) inspect the area around all pile driving activities for 30 minutes;

= all vessel crew maintaining a look out for marine mammals and turtles during all operations;

= if prior to works, a marine mammal or turtle is identified within 150 metres, then pile driving does not
commence until the animal has passed;

= if after works have commenced (including a soft start phase), a marine mammal or sea turtle is observed
within 100 m of the noise emitting source, then pile driving ceases until the animal has passed;

= if a marine mammal or turtle are sighted in the pre-defined observation and exclusion zones, project
vessels operating in the area are notified and piling ceases until the animal has passed;

» have a ‘soft-start’ for all pile driving, slowly increasing intensity of the driving hammer power;

= site inductions for all vessel crew covering procedures to minimise disturbance to marine fauna;

= training of all vessel crew in the identification of marine mammals and turtles;

=  routine maintenance and inspection of all noise-generating equipment (including vessel engines, drill and
piling equipment) to reduce unnecessary increases in noise levels from the equipment;

= where practical, engines, thrusters and auxiliary plant are not left on standby or running mode; and

= adherence to speed limits of all vessels involved in construction.

Marine pest species can be introduced via ballast water and hull fouling. While this risk is predominantly from
vessels that have been in international waters, there is also a risk of boats spreading pests established in other ports.
The introduction and spread of marine pest species can be minimised by following protocols of the National System
for the Prevention and Management of Marine Pest Incursions, which aims to prevent new marine pests from
arriving in Australia, and minimize the spread of pests within Australian waters. To reduce the risk of inadvertently
spreading marine biofouling pests, vessel operators need to minimise the amount of biofouling on their vessels
(Australian Government 2010).

Increased usage of the shoreline may lead to an increase in weed cover in mangrove and saltmarshes. This may be
a result of dumping of garden refuse, by seeds and propagules being inadvertently spread along access tracks and
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paths by vehicles or on foot, and by the air and water borne spread of seeds and propagules from gardens and
landscaped areas.

A weed management plan, and a strategy for the maintenance of native plant areas on the proposed site would
reduce this risk of introduced plant pests.

Koala

The potential impacts of the Project on Koalas that currently utilise feed trees within the PDA can be mitigated by:

= adopting a landscape and urban design that retains as many of the primary food trees as possible;

= planting additional primary Koala food trees both within the PDA and surrounding areas where possible,
to mitigate the potential loss of a small number of Koala food trees within the PDA. Planting of trees in
advance of impacts will be considered noting that it will take years for the plantings to reach a size that
they begin to provide food for Koalas;

= including traffic calming designs for roads crossing the open space corridor, and implementing a maximum
speed limit of 40 km/hr;

= ensuring that the clearing of any trees during Project construction is performed under the guidance of a
licenced fauna spotter; and

= using Koala exclusion fencing to fence off areas that may pose a risk of injury to Koala during construction.
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Summary'

Background'

Toondah! Harbour! is! located! at! Cleveland,! within! the! Redland! City! Local! Government!
Areas! (LGA),! approximately! 30'km! from! Brisbane! in! south”east! Queensland.!! In! June!
2013,! at! the! request! of! Redland! City! Council! (RCC),! Toondah! Harbour! was! declared! a!
priority! development! area! (PDA)! by! the! State! Government! under! the! Economic’
Development' Act' 2012." In! June! 2015,! Walker! Group! Holdings! Pty! Ltd! (Walker)! was!
selected!as!the! preferred!developer!and!is! now!responsible!for!designing,!financing!and!
constructing! the! project.! ! The! proposed! master! plan! includes! a! new! ferry! and! tourism!
precinct,!marina,lincreased!residentiallliving!with!aldiversity!oflhousing!types,!and!alretail !
entertainment! and! dining! precinct! integrated! with! parks,! plazas,! boardwalks! and!
recreational'facilities.!!

environmentallwas!commissioned!to!undertake!environmentallassessment!services!to!
inform! a! referral! under! the! Commonwealth’s! Environment' Protection' and' Biodiversity'
Conservation'Act' 1999 (EPBC! Act)! with! respect!to! marine! (including! estuarine)! ecology.!!
Specifically,! this! report! describes! the! existing! marine! habitats! and! communities! in! and!
adjacent!to!the! PDA,!describes!and!assesses!the!likely! occurrence! oflmarine! Matters! of!
National! Environmental! Significance! (MNES)! protected! under! the! EPBC! Act,! identifies!
potentiallimpacts!to!the!marinelenvironment!as!alresult! oflthe!construction!and!operation!
oflthelproposed!project,!land!suggests!mitigation!measures.!

Marine'Habitats'

The!PDAland!adjacentlareas!supports!aldiversity!oflintertidal!land!shallow!subtidal'habitat,!
including!saltmarsh,lintertidal!mangrove!forest,lintertidal'and!subtidal!'seagrass!meadows,!
coral! and! rubble! assemblages,! and! intertidal! and! subtidal! mudflats! and! sand’anks.!!
These!habitats!havel!alhigh!to!lvery!high!ecological! value!and!were!surveyed!in!the! PDA!
arealin!2014!(Table!1.1!land!Map!1).!

Marine!plant!'communities,!including!saltmarsh,!mangroveland!seagrass,!are!an!important!
fishlhabitat!and!are!ofthigh!ecological!value.!!Coral'communities!in!the!arealare!uniquelin!
that! they! are! likely! to! represent! the! marginal! range! of! several! species! and! are! of! high!
ecological! value.!! Similarly,! mudflat! and! sandbank! habitats! support! a! relatively! diverse!
andlabundantlinvertebrate!assemblage,!providing!an!important!source!oflfood!for!fish!and!
other!invertebrates! and! are! of! moderate! ecological! value.! Each! of! these! habitat! types!
extends!beyond!the!PDATand!each!is!extensively!distributed!throughout!western!Moreton!
Bay.!!!
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Table'1.1' Habitats'of'the'PDA'and'adjacent'areas.’

Description+

Biotat®Observed+

Ecological#alue+

Shellfish-Reefs+

Historically'dominated'the'area,' currently' functionally'extinct.' Remnant' oysters'likely'to'be’
restricted'to'intertidal'areas.’

Not'surveyed'

Not+Applicable+

Shellfish'reefs'are' currently'functionally’
extinct'

Saltmarsh+
There'are'approximately’'1.2'ha'of' saltmarsh'south’of' (and'none'within)'the' PDA' (Map' 1)."
The'saltmarsh'is'in'the'upper'most'intertidal’zone'with'the'mangroves'offshore.'

The'saltmarsh'is'highly'disturbed'by'the'developed'areas'along'the'foreshore.' The'saltmarsh’
receives'runMff'from'developed'areas'and'rubbish'was'found'throughout.’

Plants+

Grey'mangrove,'river'mangrove,'sea'rush,'seablite,'samphire,'couch,'benthic'algae’

High++#mportant+fsheries+walue+

Diversity'of' flora'was'low'and'patchy."
Some'of'the'saltmarsh'area'is'listed'as'a’
vulnerable'threatened'ecological’
communities'under'the'EPBC'Act.’

Intertidal+Mangrove+korests+
There'are'approximately'5.3'ha'of' mangroves'within'the' PDA' (Map'1).'

The'mangrove'forests'are'along'the' upper'intertidal'zone'and'are'bordered'by'mud'and'sand’
flats.'

The'mangrove'forests'along'the'foreshore'are'highly' disturbed'by'the'developed'areas." These
mangrove'forests'receive' runMff' from'developed'areas." There'was'rubbish'within'the'
mangrove'roots'and'along'the'shoreline'throughout'the' PDA.'

Plants:+
Grey'mangrove,'river'mangrove,'stilted' mangrove,'yellow'mangrove,'algae’
Invertebrates+

Hercules'mud'whelks,'barnacles,' periwinkles,'nerites,'estuarine'slugs,'hermit'crabs,’
sand'bubblers,'fiddler'crabs,'mangrove'crabs,'polychaetes’

High+—+important+ fisheries+ value+and+
high4diversityioffauna+

Diversity'of flora'was'low,'but'cover'was'
high." The'diversity'of' fauna'was'high,'but’
abundances'were'low.""’

Intertidal+and+Subtidal+Sagrass+
There'are'approximately'32.7'ha'of' seagrass'within'the' PDA'(Map'1).'

The'seagrass'meadows'are'predominantly'in'the'intertidal'and' shallow'subtidal' zone'between'
the'foreshore'and'island'of'mangroves'offshore'within'the'PDA."T here'are'also'some's parse'
seagrass'meadows'in'the'lower'intertidal'zone'adjacent'to'the'subtidal'areas.’

There'has'been'some'disturbance’of'the'seagrass'meadows'by'recreational'boat'traffic'and’
wash'from'ferries'on'the'southern'section'adjacent'to'the'channel.’

Plants+
Seagrass,'macroalgae’
Invertebrates+

Hermit'crabs,'sea'cucumbers,'anemones,'swimmer' crabs,'polychaetes,'soft' corals,’'
jellyfish,'prawns,' mussel,'clams'

Vertebrates+

Fish,'stingrays."

Very+High+—+important+fisheries+value,+
potential+foraging+area+for+threatened+
species{turtles{andidugong)+

There'was'moderate'diversity'and’
abundance'of'flora'and'fauna.'' The'area'is'
likely'to'be'used'by'several'fish'species'of'
commercial'importance.'" The'area'
potentially'provides'significant'habitat'and’
foraging'ground'for'marine'turtles'and’
dugongs.

Coraldand-RubbletAssemblage+

There'are'scattered'corals'to'the'north'and'east'of' Cassim'Island'and'there'may'also'be’'some'
coral'within'and'to'the'south'of' Fison' Channel."T here'are'areas'of' soft'coral'and'hard' coral’
reef'to'the'east'of' Cassim'Island,'outside'the' PDA."

Not'surveyed'+

High+1isupports4distinctivesspecies+

Marginal'range'of' several'species,'unique’
communities'

intertidal+and+Subtidal+Mudflats+and+Sandbanks+

This'zone'includes'the'current'dredged' channel'for'boat'and'ferry'access'to'Moreton'Bay,'and’
shallow'unvegetated'intertidal'flats'(Map'1).'

The'area'around'the'channel'is'extremely'disturbed'by'the'frequent'boat'and'ferry'traffic,' with'
wash'affecting'exposed'areas'at'low'tide."' The'rest'of'the'area'is' moderately'disturbed,' with'
runMff' from'developed'areas'and'some'recreational' use.'

Plants+

Benthic'algae'

Invertebrates+

Hercules'mud'whelks,"hermit'crabs,'fiddler' crabs,'mangrove’crabs,'polychaetes’
Vertebrates+

Fish,'stingrays'

High++#mportant+fsheries+walue+

Invertebrate'fauna'was'relatively'diverse'
and'abundant.’
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Matters!ofINational!lEnvironmental!Significance!

The' proposed' project' is' within' the' Moreton' Bay' Ramsar' wetland' boundary,' which' is' a'
wetland' of national' importance.'' Threatened' and' migratory'loggerhead' turtles' and' green'
turtles'are'highly'likely,'and'hawksbill' turtles'are' moderately'likely'to'intermittently' occur'in'
the' potential' area' of impact' ' While'these' species'are' unlikely'to' nest'in' the' vicinity' of the'
PDA,' they' are' likely' to' use' the' area' as' a' foraging' ground.' ' Migratory' IndoKacific'
humpback' dolphins' and' dugong' are' also' highly' likely' to' intermittently' occur' in' the'
potential' area' of' impact.'' Both' these' species' tend' to' occur' in' estuarine' and' shallow'
coastal'areas'and'may'use'the'area'for'feeding."’

Loggerhead' turtles,' green' turtles,’ hawksbill' turtles' IndoKPacific' humpback' dolphins' and'
dugong'also'occur' within'the'wider' Moreton'Bay'and'along'the' east' coast' of Queensland.'
The' area' in' the' immediate' vicinity' of' the' proposed' works' is' unlikely' to' provide' critical'
significant'habitat'for'these'species.’

Potentialllmpacts!

Potential' Impacts'from'the'proposed'project'include:'

I" direct'loss'of'habitat'directly'under'the'footprint' of'the'proposed' project’
I' gain'of'habitat'in'some'of'these'areas"
" marine'fauna'trapped'or'injured'in'wet'excavation'areas'

I" disturbance' of' sediments' and' soil' (potentially' increasing' turbidity,' suspended'
solids,' sedimentation,' nutrients' and/or' contaminants' and' disturbing' potential' acid'
sulfate'soils)'

I" spills'of'hydrocarbons'and'other'contaminants"'

I" increased' stormwater' runoff' (with' greater' nonkermeable' surfaces' on' the' subject'
site)'and'associated'contaminants'and'foreshore'erosion’

I' altered'hydrodynamics'

I" increased'site'access'and'boating'activity'
I" spread'of'weeds'and'pests'

" increased'litter,'and

" longKerm'improvement'in'water'quality'around'the'Fison'Channel.
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A'number’ of industry' standard' measures' could' be' put'in' place'to' mitigate'these'impacts,'
including:'

I" designing' the' project' to' minimise' the' area’ of' disturbance' (project' footprint)T the'
volume'of'sediment'and'/' or'soils'disturbedTand,'any'changes'to'hydrodynamics'

I" using'the'project'footprint' for'any'te mporary'construction'and'storage’
I" incorporating'structures'that'provide'valuable’habitat'for'fish'in'the'design’
I" identifing'and'managing'acid'sulfate'soils'and' other' contaminants'

I" using' temporary' enclosures' (e.g.' complete' enclosures' such' as' sheet' piles)' to'
reduce'the'intensity'and'spatial'distribution'of turbid' plumes'during' construction’

" installing' any'temporary' enclosures' at' low' tide' to' minimise' the' number' of' marine'
vertebrates'caught'in'the'area’

I' catching' any' animals' that' are' trapped' in' the' enclosures' and' releasing' them' in’
appropriate'habitat'outside'the'area’

I" using' trained' marine' mammal' and' turtle' spotters' prior' to' commencement' of'
excavation' and' dredging' activities' and' appropriate' management' tools' to' avoid'
impacts'to'them'(e.g.'triggers'for' cessation'of'excavation'or'dredging'works)"

I" developing' turbidity' and' suspended' solids' thresholds' and' appropriate'
management' (e.g.' triggers' for' ceasing' works)' for' seagrass' and' corals' and'
monitoring'water' quality'during' construction’

I" avoiding' disturbance' of' sediment' and'/'or' soils' during' important' periods' of'
reproduction’ for' coral' and' seagrass' (e.g.' late' spring' and' summer)' and'/'or' during'
low'

" minimising'litter,'waste'and'the'use'of' hydrocarbons'and'other'chemicals'

I' following' national' and' international' best' practice' standards,’ including' Australian'
standards' relating' to' antifouling' paints' and' contaminants,' Nature' Conservation'
(Wildlife' Management)' Regulation' 2006,' vessel' and' vehicle' management'and' site'
management' strategies' and' fuel' storage' and' handling' activities' outlined' in’
AS1940'

" implementing' environmental' management' plans,' including' a' Marine' Fauna'
Management' Plan,’ Stormwater' Management' Plan,’ Sediment' and' Erosion’
Management' Plan,' Waste' Management' Plan,' Weed' Management' Plan' and' Spill'
Management'Plan’

" monitoring'changes'in'seagrass'and' coral' communities'to' determine'any' potential'
impacts.'
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With'the'use' of appropriate' mitigation' measures,' potential' impacts'to' aquatic' habitats'and'
communities' are' likely' to' be' of' low' significance,’ other' than' the' direct' impacts' to' marine'
plants' and' soft' sediment' within' the' footprint,' and' changes' to' water' quality' and' soft'
sediment'communities'within'the'dredging'and'reclamation’area.’

Toondah'Harbour:'Marine'Ecology' EPBC'Referral’ vi'



environmental

1! Background!

Toondah' Harbour' is' located' at' Cleveland,’ within' the' Redland' City' Local' Government'
Areas' (LGA)," approximately' 30'km' from' Brisbane' in' southkeast' Queensland.'' Toondah'
Harbour'is'an' existing' marina'area' that' serves'as'the'base' for' water' taxi,' passenger' and'
vehicular'ferry'services'between'the'mainland'and'North' Stradbroke'lsland.’

In' June' 2013," at' the' request’ of' Redland' City' Council' (RCC),' Toondah' Harbour' was'
declared'a'priority'development'area’ (PDA)'by'the' State' Government'under'the' Economic’
Development' Act' 2012.'' The' PDA' was' declared' to' provide' opportunities' for' mixed' use'
and' medium' density' residential' development' in' addition' to' tourism' and' retail' based'
development,' ferry' terminals,' open' space' and' a' marina.'' In' June' 2015,"' Walker' Group'
Holdings'Pty'Ltd' (Walker)' was'selected'as'the'preferred'developer'and'is'now'responsible’
for'designing,'financing'and'constructing'the'project."E conomic'D evelopment'Queensland'
(EDQ)" and' Redland' City' Council' (RCC)' are' the' landowners' and' will' work' closely' with'
Walker'to'implement'the'shared' vision'for'the' project'over'the'next' 15'to'20'years.

The'PDA'has'a'total' area' of' 68.4' hectares,' encompassing' 17.9" hectares' of' existing' land'
and'50.5'hectares' of' marine'and'tidal' environments.' Much' of' the'landward' portion' of the'
PDA'was'previously'reclaimed'from'the' 1960s'onwards.'"'

The' proposed' master' plan'includes' a' new' ferry' and' tourism' precinct,' marina,' increased'
residential' living' with' a' diversity' of' housing' types,' an' a' retail,' entertainment' and' dining'
precinct'integrated'with'parks,'plazas,'boardwalks'and'recreational'facilities."

1.1! Scopelof!Work!

environmental' was' commissioned'to' undertake' environmental' assessment' services'to'
inform' @' referral' under' the' Commonwealth’s' Environment' Protection' and"' Biodiversity'
Conservation' Act' 1999' (EPBC' Act)' with' respect' to' marine ''ecology.' ' Specifically,'
environmental' was'requested'to:’

I" describe' the' existing' marine' habitats' and' communities,' based' on' field' surveys'
(done' in' 2014)," available' data' on' the' spatial' distribution' of' habitats,' and' on' a'
review'of'recent'literature'"’

I" describe' the' marine' Matters' of' National' Environmental' Significance' (MNES)'
protected' under' the' Environment' Protection' and' Biodiversity' Conservation' Act’'
1999'(EPBC'Act)'in'and'adjacent'to'the' PDA"

Tn

With'the'definition' of ‘marine’ ecology'including'estuarine'ecology.’
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I' assess'the'likely'occurrence'of' listed'marine' MNES'in'the' PDA"

I' assess' potential' impacts' and' risk' to' the' marine' environment' as' a' result' of' the'
construction'and'operation'of'the'proposed'project,'and'

I" identify'mitigation'measures'that'may'avoid,' reduce'or'remedy'potential'impacts.’
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2! Marine!Habitats!and!Communities!

21! Overview!

The'PDA'and'adjacent'areas'supports'a'diversity' of' intertidal' and' shallow' subtidal' habitat,'
notably:'

" saltmarsh'

" intertidal'mangrove'forest'

" intertidal'and'subtidal' seagrass'meadows'
I' coral'and'rubble'assemblages,'and'

' intertidal'and'subtidal' mudflats'and'sandKoanks.'

These'habitats'were'surveyed'and'mapped'for'the' PDA'area'in'2014' (refer'to' Map' 1'and'
Table'1.1'in'the' Summary'and' to' Appendix' A' for' methods)." Each' of' these' habitat' types'
extends'beyond'the' PDATand'each'is'extensively'distributed' throughout' western' Moreton'
Bay'(Map'2)."' Prior'to’' European' settlement,' shellfish' reefs' were'also' extremely' abundant'
in' coastal' bays' and' estuaries' of southern' Queensland,'including' Moreton' Bay.'' Subtidal'
shellfish'reefs'are'now'likely'to'be'functionally'extinct'in'the'area' (Diggles'2015).'

Estuarine' systems' are' a' ‘seascape” of' interconnected' patches' of' habitat' (including'
seagrasses,' mangroves,' saltmarshes,' oyster' or' coral' reefs' and' rubble' banks,' and' unK
vegetated' sandkanks' and' mudflats),' linked' actively' through' the' movement' of' organisms'
and' passively'through'the' waterborne'transport' of' primary' production’ (Irlandi' & Crawford'
1997TLoneragan'et'al.' 1997 TMicheli' &' Peterson' 1999TRapoza' &' Oviatt' 2000TConnolly' &'
Guest'2002TSkilleter' & Loneragan' 2003 T Skilleter' et' al.' 2005)."' These' habitats' provide'a’
range' of' ecological' values' and' are' important' for' the' maintenance' of' fisheries' resource,’
biodiversity' and'ecosystem'services,'and' often' support'a’ high'abundance'and'diversity' of'
fish' and' invertebrates' (Beck' et' al.' 2001T Table' 1.1).""' In' addition' to' sustaining' adult'
populations," which' are' harvested' by' inshore' fisheries," many' habitats' are' widely'
recognised' for' their' role' as' ‘nurseries’™ for' juvenile' fish,' crabs' and' prawns,' and' their'
contribution' to' the' productivity' of* offshore' fisheries' (Coles' &' LeeKH.ong' 1985T Connolly'
1994TLaegdsgaard' &' Johnson' 1995THalliday' & Young' 1996 TWest' &' King' 1996 TBlaber'
1997TButler'et'al.' 1999TBeck'et'al.'2001T'Chargulaf'et'al.’2011).""

A'description'of each'habitat'in' or'adjacent'to'the' PDA'and'in' the' Moreton' Bay'region,' as'
well' as' a' summary' of' the' ecological' significance' of' each' habitat,' is' provided' below."
Information'has'been'sourced'from'a'field'survey'in'2014' (refer'to’ Appendix'A'for'field'and'
laboratory'methods)'as'well'as'a'review'of' available'data'and'literature.'
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2.2! IShellfish!Reefs!
Historical!lExtent!!

Shellfish' (oyster)'reef habitat'was' presumed'to' dominate'southern' Moreton'Bay' (including'
the' PDA)' prior' to' European' settlement' (Figure' 2.1T'Diggles' 2015).' ' Today,' subtidal'
shellfish' reefs' are' functionally' extinct' throughout' most' of southern' Queensland' (Beck' et'
al.'2011TDiggles'2013)."' Shellfish' reefs' have' also' declined' worldwide,' with' an' estimated'
85%'of'reefs'lost'globally' (Beck'et'al.'2011)." Shellfish'reefs'remaining'in'Moreton'Bay'are'
likely' to' be' restricted' to' low' numbers' (individuals' or' clumps),' mainly'in' the' intertidal.'" In'
southern' Moreton' Bay' the' decline' of' shellfish' reefs' has' resulted' from' a' combination' of'
events' including' overfishing,' disease,' increased' sediment' loads' and' declining' water'
quality' (Smith'1981TDiggles'2013).""

Subtidal' shellfish' reefs' in' southern' Queensland' are' unlikely' to' be' restored' by' natural'
recruitment,’ thus' active' intervention'to' identify' successful' locations' and' to' determine’ the'
most' effective’' methods' for' restoration' of' shellfish' reefs' is' underway.'' Current' projects'in’
Pumicestone' Passage' (north' east' Moreton' Bay)' as' well' as' in' several' other' locations'
around'Australia'are'aimed'at'restoring'shellfish'habitat' (TropWATER'2017)."

Ecological!Significance!

Shellfish' reefs' have' several' important' ecological' functions,' including' providing' structure'
and'food,filtering'sediments'and' nutrients,'and'stabilising'the'shoreline.’

Oysters'provide'the'basis'of entire' ecosystems,' providing'hard'structure' (in' predominantly’
soft' sediment' environments)' by' the' constant' adhesion’ of' new' larvae' to' existing' shells."
Fouling' and' encrusting' flora' and' fauna' attach' to,' and' grow' on' oyster' reefs' including'
algae,'sponges,' hydroids,' bryozoans,' gastropods' and' other' bivalves.'' The'shell' matrices’
and' crevices' provide' refuge,' and' the' reef' ecosystem' provides' food' for' many' species,’
including'polychaetes,' crustaceans,' gastropods'and'fish." Several' species'of' fish'also' use'
the' reefs' for' laying' eggs,' as' a' nursery' (NOAA'2017)' and' as' a' corridor' between' shelter
and'foraging' grounds' (Grabowski' &' Peterson'2007).""' Intertidal' shellfish' reefs'in' Australia’
are' also' likely' to' provide' foraging' habitat' for' migratory' shore' birds' protected' under’
bilateral' migratory'bird'agreements'such'as' CAMBA'and' JAMBA'(TropWATER'2017).""

Being' filter' feeders,' oysters' filter' detritus' and' phytoplankton' from' the' water' column."
Consumed'organic' matter'is'used'for' growth,'some' of which'is' consumed'by' predators' or'
degraded' by' bacteria' and' other' organisms' when' the' oysters' die' (NOAA'2017).' Forming'
calcium' carbonate' shells,' oysters' remove' carbon' from' the' water' column' and' act' as' a'
carbon' sink' (Grabowski' &' Peterson' 2007)."'' Waste' material' is' excreted' as' faeces' and'
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inorganic' nutrients,' either' directly' from' the' oyster' or' via' predators' and' other' reef' and'
benthic'organisms."' Deposit' feeder' and' other' organisms'in'the' sediment' use' some'of' the'
excreted'material'as'food." Inorganic'nutrients'are'used'by' primary'producers."' In'systems'
with' high' ratios' of' oyster' biomass' to' water' volume,' the' removal' of' suspended' organic'
particles' controls' nutrient' flow,' and' therefore' the' amount' of phytoplankton,' zooplankton,’
and'other'components'of'the'ecosystem.' Thus,'the'loss'of' large'areas' of' shellfish'reef' can’
result' in' @' shift' from' a' benthickelagic' system' to' a' planktonicknicrobial' system' (NOAA'
2017).'Shellfish'reefs' promote'the'health' of other'estuarine' habitats,'such'as'seagrass,'by'
increasing' light' penetration' and' minimising' negative' effects' of' eutrophication' (Grabowski'
&'Peterson'2007).'

Shellfish'reefs'also' create'a' physical' barrier'and' enhance' deposition' (Borsje'et'al.'2011).
They' attenuate' wave' energy' and' reduce' shoreline' erosion,' effectively' protecting' other'
estuarine'habitats'such'as'saltmarsh'(Grabowski' &' Peterson'2007)."'

Figure'2.1'  Presumed'extent' of biogenetic'reef forming' shellfish' resources'in' south'east'’
Queensland'prior'to'European'settlement' (grey)(Diggles'2015).'
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2.3! Saltmarsh!
Adjacent!to!the!PDA!

There'is'an'area' of' saltmarsh' south' of the' PDA' that' extends' from' the' landward' edge' of'
the' mangrove' zone' up' to' the' terrestrial' zone' (Figure' 2.2, Map' 3).' ' The' saltmarsh'
community'is'dominated'by'marine’'couch'(Sporobolus'virginicus)' with' patches'of' common’
samphire' (Sarcocornia'quinqueflora)' (Figure'2.3)' and' seablite' (Suaeda'australis).'' Along'
the' upper' most' portion' of' the' saltmarsh,’ there' is' a' dense' zone' of' sea' rush' (Juncus'
kraussii)' (Figure'2.4).'

There' are' approximately' 1.2'ha’ of' saltmarsh' south' of' the' PDA," and' none' within' it' (as'
mapped'in'2014'on'Map'1TError!IReferencelsource!not!found.).'

Figure'2.2" '

Saltmarsh'south'of'the' PDA."

Figure'2.3' '

Common'samphire.’
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Figure'2.4' '

Sea'rush.’

Saltmarsh!of!the!Region!!

Claypan'habitats'in' Moreton' Bay'are' commonly' unvegetated,' but' may' also'be' dominated'
samphires'or'grasslands'(Map'3T(Dowling' &' Stephens'2001)." Samphire' communities'are’
dominated' by' samphire' (Sarcocornia' spp.)' and' seablite' (Suaeda' sp.).'! ' Grassland'
communities' are' dominated' by' marine' couch' (Sporobolus’ virginicus),'' saltwater' couch’
(Paspalum'vaginatum)'and'patches'of'rush,'such'as' Juncus'kraussii' (Dowling' &' Stephens'
2001).'

Within'Moreton'Bay,'there'are' approximately' 368'ha' of' samphire'and'2'034'ha’ of' claypan'
habitat' (Beumer'et'al.' 2012)." The'eastern'side' of Moreton' Bay'is' typically' dominated' by’
the' rush' Juncus' kraussii' due' to' abundant' freshwater' in' the' intertidal' zone," while' the'
western' side' of' Moreton' Bay' is' dominated' by' chenopod' species' of' Sarcocornia' and'
Suaeda'due'to'the'hypersaline'intertidal'sand'flats' (Lovelock'et'al.'2014).'

Subtropical' and' temperate' coastal' saltmarsh' is' listed' as' vulnerable' under' the'
Commonwealth’s' Environmental’ Protection'and'Biodiversity' Conservation'Act' 1999." The'
listed' coastal' saltmarsh' community' consists' of' dense' to' patchy' areas' of' mainly'
saltKolerant' vegetation' that' is' generally' less' than' 0.5'm' high' and' bare' sediment' (clay).’
This'habitat'occurs'throughout'Moreton'Bay,'including'south'of the' PDA' (Map'3)."

Ecological!Significance!of!Saltmarsh!

Saltmarsh' areas' provide' permanent' habitat' for' a' number' of animals,’ including' crabs,’
mosquitoes' and' other'insects.'' Large' clutches' of crab' larvae' are' produced'in' saltmarsh’
areas'during'the’spring'tides' when'the'marsh'is'inundated.'' The' highest' concentration’ of'
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zooplankton'in' estuaries' are' found'in' spring' tides'in' saltmarshes' (Saintilan' &' Mazumder'
2004)."' This' concentrated' release’ of' plankton'into' the' water' column'can'be'an'important'
food' source' for' other' organisms,' such' as' fish,' including' some' commercially' important'
species' (Saintilan' & Mazumder' 2004 TMazumder'et'al.' 2006).'' As' well' as' providing' prey'
for'shore'birds'and'other'animals,' crabs' bioturbate'the' sediment'and' contribute'to' cycling'
nutrients'in'the'estuary."

Saltmarshes'stabilise' bare' mud' flats," act' as' fish' habitats' during' inundation,' reknineralise'
terrestrial'and'marine'debris,' contribute'to'the' nutrient' cycling' of estuaries,'and' may' buffer'
the' water' bodies' from' excess' terrestrial' nutrient' runkoff' (Adam' 1990).' ' They' may' also'
reduce'erosion'in'the' upper'intertidal’' zone' (van' Erdt' 1985, cited'in' Adam' 1990)."'' Recent'
studies' indicate' saltmarshes' sequester' carbon' and' that' the' carbon' in' these' sediments’
may' help' mitigate' increases' of' carbon' dioxide'in' the' atmosphere' (Lovelock' et' al.' 2014)."
Within' the' Tweed' Moreton' Bioregion'in' southkeast' Queensland,’ only' 84'km? of saltmarsh'
communities'remain'(Dixon'et'al.'2011).

While' our' understanding' of' the' direct' use' of saltmarshes' by' finfish' and' nektonic'
crustaceans'is' comparatively'poor' (Connolly' 1999),' some' studies' have'indicated' that'fish'
of commercial' and' recreational' importance' rarely' use' upper' littoral' saltmarsh' habitat'
(Morton' et' al." 1987T Connolly' et' al.' 1997)," while' others' have' found' widespread' use' of'
saltmarshes'by' a' range' of' common' and' commercially' important' fish' species' (Thomas' &'
Connolly' 2001)."" Fish' communities' found' using' saltmarshes' are' typically' dominated' by’
smaller' fish' families' (e.g.' Ambassidae' and' Gobiidae)' but' also' include' whiting,' flathead'
and'prawns'(Saintilan'&'Rogers'2013).'

Vertebrate' animals'are'also' commonly'found'using'the'resources'located'in' saltmarshes,'
as' it' provides' foraging' habitats' for' shore' birds,' bats,' the' water' mouse' and' on' occasion'
kangaroos' and' reptiles’ (e.g.' snakes' and' goannas)' (Saintilan' & Rogers'2013)."' Thirteen'
insectivorous'bats'have'been'recorded'using'saltmarshes'as'a'foraging' ground' with' some'
species' preferring' to' forage' over' saltmarsh' vegetation' where' mosquitoes' were' in' high'
abundance'(Gonsalves'2012).'

24! Intertidal!Mangrove!Forests!
Mangroves!oflthe!PDA!

The'mangrove' forest' along' the' shoreline' of the' PDA'is' dominated' by' the' grey' mangrove'
(Avicennia' marina)' and' the' stilted' mangrove' (Rhizophora' stylosa)," with' sparse' river'
mangroves' (Aegiceras' corniculatum)' and' yellow' mangroves' (Ceriops' australis)' in' the'
upper'intertidal'zone." The'grey'mangrove'dominates'the'lower'and' upper'intertidal'zones,’
while'the'stilted' mangrove' dominates' the' middle'intertidal' zone' (Figure'2.5)."' In' the' 2014’
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field survey there was evidence of insect damage (Figure 2.6) throughout the PDA, and
some yellowing of leaves (Figure 2.7), which is likely to be due to stress such as low
rainfall and high salinity in the sediment. There were few dead mangrove trees, however
in some area up to 20% of the branches were dead. The density of seedlings was low
with most seedlings recorded in the mangrove forest north of the current ferry terminal.

Mangrove communities offshore, east of the PDA, are dominated by the grey mangrove,
with some stilted mangrove in the middle of the island (as mapped in 2014 on Map 1). In
2014, the condition of these mangroves was similar to those along the shoreline, with
some dead branches and insect damage.

Epifauna of the mangroves was dominated by various mollusc species. Whelks and
periwinkles were common on mangrove branches and roots (Figure 2.8), while Hercules
mud whelks (Pyrazus ebeninus) were common on the substrate. Nerites (Nerita spp.)
were also recorded on mangrove branches and roots (Figure 2.9). Maroon mangrove
crabs (Perisesarma messa) were caught in pitfall traps, while broad-fronted mangrove
crabs (Metopograpsus frontalis) (Figure 2.10) were recorded using crab holes around
pneumatophores.

Mangrove communities of the PDA were typical of south-east Queensland being low in
diversity and dominated by the grey mangrove. There are approximately 5.3 ha of
mangroves within the PDA that are likely to be of good fisheries and aquatic ecological
value (as mapped in 2014 on Map 1).

Figure 2.5

Dense Rhizophora stylosa south
of the current ferry terminal within
the PDA.
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Figure'2.6' '

Insect'damage'on'grey'mangrove’
leaves.'

Figure'2.7' !

Yellowing'leaves'of stilted'
mangroves.'

Figure'2.8' '

Mangrove'whelk' (Batillaria’
australis)' on'mangrove'trunk."
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Figure'2.9' '
Nerite'on'stilted'mangrove'prop'
root.'

Figure'2.10" '

BroadKronted'mangrove'crab.'

Mangroves!oflthe!Region!

The' mangroves' of Queensland' have' been' divided' into' three' broad' communities:' high'
rainfall' forest' communities Tlow' rainfall' claypan' communitiesTand' subtropical' communities’
(Dowling'&'McDonald' 1982).''Within'the' Toondah'Harbour' PDA,' mangroves'are'typical' of'
the' subtropical' communities.' ' Subtropical' mangrove' communities' are' floristically' less'
diverse'than' the' other' two' community' types,' primarily' because' they' are' at' the' southern’
limit'of' many'species'ranges' (Dowling'&'McDonald'1982).'

There' are' seven' species' of' mangrove'in' Moreton' Bay' (and' in' the' Moreton' Bay' Marine'
Park)T grey' mangroves' (Avicennia' marina)' river' mangroves' (Aegiceras' corniculatum),'
largeKeaved' mangroves' (Bruguiera' gymnorrhiza),’ yellow' mangroves' (Ceriops' australis),'
milky' mangroves' (Excoecaria’ agallocha),' white' flowered' black' mangroves' (Lumnitzera'
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racemosa),'and'stilted'mangroves' (Rhizophora'stylosa)." The'mangrove'fern,' Acrostichum
speciosum,' is' also' common' (Dowling' 1979T 1986T Hyland' &' Butler' 1988T Dowling' &'
Stephens' 2001)."* In' the' Moreton' Bay' Marine' Park' there' are' approximately' 140'km? of
mangroves,' with'the'largest' communities' in' Pumicestone' Passage' and' the' southern' bay'
islands,'south'of' Jacobs'Well'(DERM'2010a).’

Ecological!Significancelof!lMangroves!

Mangroves' help' protect' coastlines' from' recession' by' dampening' wave' energy' (Alongi'
2008),' can' moderate' the' impact' of' extreme' events' (i.e.' tropical' storms)' (Zhang' et' al.’
2012)'and' can'act' as' a' buffer' between' the'land' and' sea' (DahdouhKGuebas' &' Jayatissa'
2009).'""Mangrove'forests'are'also'important' nursery' grounds' for' many' species' of' juvenile'
fishes,'including' commercially'important' species' (Robertson' &'Blaber' 1992TLaegdsgaard'
&' Johnson' 1995T Halliday' &' Young' 1996T Blaber' 1997)' (e.g.' sea' mullet,' Figure' 2.11)."
Juveniles' of' seven' of' the' ten' commercially' harvested' fish' species' in' Moreton' Bay' are'
most' abundant' in' mangroves' (Laegdsgaard' &' Johnson' 1995)." ' Further,' Morton' (1990)'
reported'that' 46%' by' species'and' 94%' by' weight,' of fishes' associated' with'an' A.’marina'
forest'in'Moreton'Bay'were'of'direct'commercial'significance.’

Mangrove' lined' creeks' support' a' variety' of' fish' species' that' have' habitatkpecific'
distributions' according' to' individual' species' requirements' for' food' and' shelter' (Zeller'
1998).' Mangrove'forests' can' act' as' carbon' sources' for' estuarine,'inshore,' and' offshore'
waters,'through'the' export' of' leaf and' fruit' material' (Lee' 1995)."' Decomposing' mangrove'
material' provides' both' soluble' nutrients' and' detrital' fragments' that' are' eaten' by’
crustaceans,' such' as' prawns' and' crabs,' and' some' fish.' ' Decaying' plant' and' animal’
matter' are' consumed' by' juvenile' and' adult' greasy' back' prawns,' and' juvenile' banana’
prawns,' both' of' which' are' obligate' residents' of' mud' banks' adjacent' to' mangroves'
(Staples' &' Vance' 1985)."' ' Adult' banana' prawns' eat' both' small' benthic' invertebrates'
feeding' on' detritus' in' channels' draining' mangroves,' and' benthic' algae' on' adjacent' mud'
flats' (Newell'et'al.' 1995).' Mangroves'also' trap,' accumulate'and'release' nutrients' (and'in’
some'cases'pollutants)'and'particulate' matter' (silt)'from'surrounding'land,'thus'acting'as’'a’
buffer'to'the'direct' effects' of runkoff." They'also' protect'the'shoreline'from'erosion'from'the’
water'(e.g.'waves'and'boat'wash)'or'the'land’ (runkoff),'and' contribute'to'the'establishment'
of' islands' and' the' extension' of' shorelines' (Blamey' 1992).' ' Similar' to' saltmarshes,’
mangroves'also'play'a'major'role'in'carbon’'sequestration’'(Lovelock'et'al.'2014).
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Figure'2.11" Mangroves'provide'critical' habitat'for'young'sea'mullet.'

2.5! Intertidal!and!Subtidal!Seagrass!
Seagrasslinlandlin!the!Vicinity!of!the!PDA!

There'are' approximately' 32.7' ha' of seagrass'in'the' PDA,' primarily'in' the' lower' intertidal'
and'subtidal' area'in'the' eastern’ section'of' the' PDA' (as'mapped'in'2014'on'Map'1)." The'
seagrass' meadows'are'dominated'by' Zostera'muelleri' with' some' Halophila'ovalis' (Figure'
2.12),' and' Halophila' spinulosa' (Figure'2.13).' The' percent' cover' of seagrass'in' the' PDA'
ranges'from'1%'to'85%,' with'an'average'percent' cover' of 33%' (Healthy' Land'and' Water'
and'Science'Under'Sail'2015)."

There'are' extensive'beds' of' seagrass'to'the' north' and' south' of' the' PDA,'these' beds' are'
dominated' by' Zostera' muelleri' with' some' Halophila'ovalis."' In' surveys'in'2011' seagrass'
patches'within'the' PDA'and'to' the' south' of' the' existing' channel' were' recorded' as' being'
between' 1'and' 25%' cover,' with' patches' of up'to' 50%' cover' to' the' north' of' the' channel'
and'offshore' (Roelfsema'et'al'2013)."'More'recent'surveys'(2015'and'2016)'indicate'there’
are' patches' of' Halophila'spinulosa' offshore' (Healthy' Land'and' Water' and' Science' Under’
Sail'2015)'(Map'4).'

In'the'2014' survey' of seagrass'in'the' PDA,' density' was' highest'in' the' low' intertidal' and'
subtidal' zone' between' the' current' ferry' terminal' and' Cassim' Island' (Figure' 2.14)," and'
sparser'in'the'higher'intertidal'area'adjacent'to'the'mud'and’'sand'flats.""'
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In'the' survey'in' 2014," seagrass' meadows' were' in' good' conditionThowever,' there' were'
some' patches' of seagrass' that' were' covered'in' filamentous' algae.'' Within' the' seagrass'
meadows'there'were'several'species'of' macroalgae,'including:’

I" sargassum'(Sargassum'flavicans)'
" Padina'gymnospora’
I" oyster'thief'(Colpomenia'sinuosa),'and"

' Halimeda'spp.'

Stingrays' were' observed'foraging'in'the'seagrass' at'low' tide,' and' several' species' of' fish'
were'observed'entering'the'seagrass'meadow'on'the'incoming'tide’

Epifauna'of'the' seagrass'beds'in'this' survey'was'sparse,' with'low' numbers' of individuals'
recorded.'' At'low'tide,' Hercules'mud'whelks'were'in'the'seagrass'near'the' more'exposed'
areas' (Figure' 2.15)," while' blue' swimmer' crabs' (Portunus' armatus)' were' present' in' the'
subtidal'areas’ (Figure'2.16)." Two'bivalves'were'recorded:'the' strawberry' cockle' (Fragum'’
unedo)' (Figure'2.17)' and' the' razor' clam' (Pinna'bicolor).'' Several' anemone' species' and'
some' small' colonies' of' soft' corals' were' also' recorded.'' One' sea' cucumber' was' found'
under'a'rock'in'the' seagrass' bedsThowever,' no' other' sea' cucumbers' were' observed' on'
the'seagrass'in'the'intertidal'or'subtidal'zone.'

Benthic'infauna' was'dominated' by' polychaetes'and' crustaceans,' with' some'bivalves'and'
gastropods.'' Polychaete' communities' comprised' several' families' including' Capitellidae,’
Cirratulidae,' Syllidae' and' Spionidae.' ' Crustacean' communities' comprised' Gammarid'
amphipods,' snapping' shrimp' (family' Alpheidae)' and' hermit' crabs' (family' Diogenidae)."
Brittle' stars' (class' Ophiuroidea)' were'recorded' at' one'site'in' the' shallower' subtidal' area.
The'abundance'and'taxonomic'richness'of' benthic'infauna'was' highest' at' this'site' (Table'
2.1),'despite'the'other'seagrass'site'being'deeper'and'less'exposed'at'low'tide.’

Table'2.1' Mean' abundance' of' benthic' infauna' per' square' metre' and' total' taxonomic'
richness'of benthic'infauna'at'each'site.’

Site! Mean!Abundance!(!SE)! Total!Taxonomic!Richness!
Seagrass'1' 333'(¢'17)' 13'
Seagrass'2' 1583'(+'246)' 24'

Toondah'Harbour:'Marine'Ecology' EPBC'Referral’ 14'



environmental

Figure'2.12" '
Seagrass'meadow'comprising"'
Zostera'meulleri'and' Halophila'
ovalis'in'the'PDA.'

Figure'2.13"

Halophila'spinulosa.'

Figure'2.14' '

Dense'seagrass'in'the'lower’
intertidal'zone.'
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Figure'2.15" '

Hercules'mud'whelk'in'shallow'
seagrass."

Figure'2.16'

Blue'swimmer'crab'in'the'
seagrass.'

Figure'2.17" '

Cockle'exposed'at'low'tide.’
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Seagrass!of!the!Region!

There'are'seven' species' of' seagrass'in' Moreton'Bay' (and'in' Moreton' Bay' Marine' Park):'
Cymodocea' serrulata," Halophila' ovalis," Halophila' spinulosa,’ Halophila' decipiens,’
Halodule'uninervis,' Syringodium'isoetifolium,'and' Z.'muelleri."' Z.' muelleri'is' the' dominant'
species' in' terms' of' area.' ' Most' seagrass' in' Moreton' Bay' is' intertidal," with' subtidal’'
seagrass' generally' found' in' water' less' than' 3'm' deep' at' low' tide' (Hyland' et' al.' 1989)."
Over' 280' species' of macroalgae' have' been' recorded' from' Moreton' Bay' (Tibbetts' et' al.'
1998)."' An'algae,' Caulerpa'taxifolia,'is' also' commonly' found'in' Moreton' Bay'in'the' same'
shallow,'soft'sediment'niche'as'seagrass’' (Phillips'&'Price'2002TThomas'2003).'

Moreton' Bay' supports' 189'km? of seagrass' (Roelfsema' et' al.' 2009)."' The' largest' and'
most' dense' seagrass' meadows' are' in' the' eastern' bay' surrounding' South' Passage'
between' Moreton' and' Stradbroke'islandsTthough'there' are' also' substantial' meadows'in'
the' southern' and' western' parts' of' the' bay.'' With' increasing' urbanisation' and' industrial'
development,' seagrass' meadows' within' western' Moreton' Bay' have' been' lost' over' the'
past' decades.'' While' some' meadows' have' been' lost' as' a' direct' result' of' infilling,’ a' far'
greater' area' of' seagrass' has' been' lost' as' a' result' of changes' in' water' quality' (EHMP'
2006).'

Seagrass' meadows' occur' in' areas' of' Moreton' Bay' with' poor' water' quality,’ providing'
some'evidence' of' the'resistance'to'these'impacts' (Gibbes'et'al.'2014)."' This' resilience'is'
likely'a'result' of the' uptake' of nutrients' from'the' water' column'reducing' nutrient' available'
for'algal' growth,'the'trapping’ of' sediments' from'the' water' column'improving' water' clarity,’'
and' the' harbouring' of' grazers' minimising' the' growth' of' epiphytic' algae.' ' Evidence' of'
resilience' has' been' shown' after' flood' events' in' Moreton' Bay,' where' seagrass' biomass'
remained' constant' throughout' the' year' in' meadows' close' to' flood' plumes' (high' in'
suspended' sediments' and' nutrients)' compared' to' meadows' in' less' impacted' areas."
Meadows'in'flood'impacted'areas'had'longer'and'wider'leaves,'and' higher' concentrations'
of' chlorophyll' a,' allowing' greater' absorption' of' light' and' sediment' baffling' than' meadows'
in'less'impacted'areas' (Gibbes'et'al.'2014)."' Largel6cale'loss' of' seagrass'has'historically'
occurred'in'some' areas' of Moreton' Bay' (e.g.' Bramble' Bay' and' southern' Deception' Bay)'
(Dennison' &' Abal' 1999)."' Recovery'in' these' area' can' be' limited' by' sediments' that' are'
more' easily' resuspended,' nutrients' released’ into' the' water' column' available' for' algal'
growth' and' reduced' grazing' rates' of' algae.' ' However,' recent' surveys'in' Moreton' Bay'
show' recovery' in' areas' where' seagrass' was' previously' completely' lost' (Gibbes' et' al.'
2014)." ' Both' H." ovalis' and' H.' spinulosa' are' opportunistic' species,' producing' large'
quantities' of' seeds' and' with' relatively' high' growth' rates.'' This' enables' them' to' quickly'
colonise' areas' when' conditions' are' suitableThowever,' they' also' rapidly' disappear' when'
conditions'deteriorate.'
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Ecological!Significancelof!Seagrass!!

Seagrasses'are' primary' producers' (Hillman'et'al.' 1989)' that' are' recognised'as' playing'a'
critical' role' in' coastal' marine' ecosystems' (Poiner' &' Roberts' 1986 T Hyland' et' al.' 1989T
Pollard' 1984)." ' They' provide' shelter' and' refuge' for' resident' and' transient' adult' and'
juvenile' finfish,' crustaceans' and' cephalopods,' many' of' which' are' of' commercial' and'
recreational'importance,’ others'of' which'are'the' preferred' foods' of' these'species' (Dredge’
et'al."1977THutchings' 1982TMcNeill' et'al.' 1992TColes'et' al.' 1993TEdgar' & Shaw' 1995T
Gray' et' al." 1996T Connolly' 1997)' (Figure' 2.18).' ' They' also' have' a' number' of' other'
ecological' functions'including' providing' large' amounts' of' substrate' for' encrusting' animals’
and'plants' (Harlin' 1975TKlumpp' et' al." 1989)' and' trapping' detritus' and' dissolved' organic'
matter,'increasing'local' nutrient'cycling'(Moriarty'et'al.' 1984)."

Whilst' the' abundances' of' juveniles' of' many' fish' and' crustacean' species' are' commonly'
higher' in' seagrass' habitats' than' over' bare' sand' or' mud,' there' are' also' significant'
differences'in'abundance'between'seagrass'meadows' (e.g.'Gray'et'al.' 1996).' Some'sites'
have' consistently' higher' recruitment' (McNeill' et' al.' 1992)," whilst' other' sites' may'
periodically' or' temporarily' have' higher' abundances' (Gray' et' al.' 1996T Connolly' 1999)."
This' may' be' due' to' a' variety' of' factors' including' structural' complexity' of' the' seagrass'
meadowsTlocation'of'the'seagrass' meadows'with'respect'to’ currents'and'the' dispersal' of'
larvaeT and' natural' fluctuations' (patchiness)' in' population' sizes' (Gray' et' al." 1996T
Connolly'1999)."' To'date'the'importance'or'fisheries' values' of seagrass' has'largely' been’
measured' by' the' absolute' abundance' of' fauna' found' in'it.' ' However,' seagrass' habitat'
may' also' provide' important' linkages' and' refuges' between' different’ habitat' types' (e.g.'
mangroves'and'seagrass),'and'between'up'and’'downstream'communities.'' Thus,'whilst'a’
seagrass' meadow' may' not' support' high' abundances' of' fish' or' crustaceans' at' any' one'
time,' over' a' period' of' time' many' individuals' may' use' it' as' they' pass' through' to' other
areas.'In'Moreton'Bay,'marine'reserves'and' connectivity'influenced'the'abundance'of'fish'
in'seagrass' meadows,' with' effects’ likely'to' vary' between' different' species' (Henderson'et'
al.'2017).'

Seagrass' distribution' is' most' affected’ by' light' intensity,’ desiccation,' and' nutrient' levels."
Other' factors,' such' as' currents,' substrate' suitability,' prior' patterns' of' distribution,’
dispersion' of propagules,' grazing' by' turtles' and' dugongs,' and' episodic' events' (including'
cyclones'and'floods)'also'play'roles'in'determining'the'distribution' of' seagrass."

Of'these'factors,'light'availability'is' often'the' most'important'in'determining'the' distribution’
of' seagrass.'' The'amount' of' light' reaching' a' seagrass' meadow'is' the' combination' of' the'
light' intensity' at' the' surface,' the' depth' at' which' the' seagrass' is' growing,' the' turbidity' of'
the' water,' and' the' presence' or' absence' of epiphytes' on'the' seagrass.'' Light' availability,'
or' specifically' the' duration’ of' light' intensity' exceeding' the' photosynthetic' light' saturation’
point' controls' the' depth' distribution' of' seagrass' (Dennison' &' Alberte' 1985T Dennison'
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1987T Abal' &' Dennison' 1996)."' For' example,' on' average' 30%' of' surface' lightT'a' light'
attenuation’ cokefficient' of less'than' 1.4'm"'and' median'total' suspended'solids' of less'than'
10'mg/L'are'required'for'the'survival'of' Z.'muelleri (Abal' & Dennison' 1996 TLongstaff'et'al.’
1998).'' H.'ovalis,' on' the' other' hand," has' a' particularly' low' tolerance' to' light' deprivation'
caused'by'pulsed'turbidity,'such'as'floods'and'dredging’ (Longstaff'et'al."1998).’

Availability' of' light' also' affects' the' productivity' of seagrass.'' Seagrass' exposed' to' high'
light'intensity' are' more' productive' than' seagrass'in'less'intense' light' (Grice'et'al." 1996)."
Consequently,' impacts' associated' with' dredging' may' result' in' at' least' a' temporary’
decrease' in' seagrasses' productivity.' ' Light' also' controls' the' population' dynamics' of'
macroalgae'(Lukatelich'&'McComb'1986aTcited'in'Lavery'&'McComb'1991).""

Figure'2.18' Seagrass'meadows'provide'important’'shelter'for'juvenile'mud'crabs.’

2.6! Coralland!'Rubble!Assemblages!!
Coralland!Rubbleladjacent!to!the!PDA!

No' significant' areas' of' live' corals' were' recorded'in' the' PDA' during' the' 2014 survey' (as'
mapped'in'2014'on'Map'1)." Scattered'isolated'hard'coral'individuals'on'sand'or'rubble'as’
well' as' rubble' and' rock' supporting' algae,’ soft' coral' and' sponges' have' recently' been'
observed' to' the' north' and' east' of Cassim' Island' (Figure' 2.19' and' Figure' 2.20T'
frc'environmental,' pers.' obs.)."' Areas' of' algae' (approximately' >25%' cover)' on' unK
consolidated' surface' (e.g.' sand' or' rubble) where' patchy' coral' may' be' present' were' also'
recently' mapped' north' and' east' of' Cassim' Island' as' well' as' within' and' to' the' south' of'
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Fison' Channel' (Roelfsema'et' al.' 2017)" (Figure'2.21,' Map' 5)."' There' were' also' areas' of’
soft' coral' (approximately' >'25%' cover)' on' unkKonsolidated' surface' and' hard' coral'
(approximately' >'20%' cover)' on' consolidated' surface' (e.g.' reef' matrix' or' rock)' east' of'
Cassim'Island'(Roelfsema'et'al.'2017)' (Figure'2.21)."

Figure'2.19"

Isolated'hard'coral'on'sand'and’
rubble'east'of' Cassim'lsland.’

Figure'2.20" '
Rocky'assemblages'supporting'
algae,'soft'coral'and'sponges’
east'of' Cassim'lsland.’
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Figure'2.21' Reefal'areas'around' Toondah'Harbour." Spotkcheck' survey'sites' with' charts'
indicating' benthic' composition' (right)' and' mapped' reef' habitat' area’ (left).!
Source:'(Roelfsema'et'al.’2009).'

Coralland!Rocky!Reefs!of!the!Region!

Coral'habitats'in'Moreton'Bay'are' mainly'distributed'in'shallow' (>'3'm'LAT),'inshore'areas
and' are' characterised' by' a' mixture' of' soft' and' hard' corals' and' algae' (Roelfsema'et' al.'
2009)."' Fringing' reefs' occur' around' many' of' the' inshore' islands,’ including' Peel,' Mud,’
Saint' Helena,' King,' Green,' King,' Macleay' and' Goat,' North' Stradbroke,' Coochiemudl|o'
islands' (Figure'2.22)." There'is' approximately' 13.5'km? of coral'in' Moreton'Bay' (Gibbes'et'
al.'2014)."

Moreton'Bay'hosts' marginal' reefs’ of' coral' communities'that'are' unique'in'that'they'are'in
a' transitional' area' where' tropical,’' subKropical' and' temperate' species' cokexist' (Beger' et'
al.'2014TPerry'&'Larcombe’'2003)." Coral'communities'in'Moreton'Bay'comprise:'

I' 64'scleractinian’ coral' species' (from' 26' genera' and' 13' families)'in' the' inner' bay,
and'

I" 125'species'(from'35'genera)'in'the'outer'bay'(Wallace'et'al.'2009).
Coral' communities' on' highKatitude' coastal' reefs' of' eastern' Australia' are' typically' widely'
distributed,’ generalist' and' stressKolerant' species' with' massive' and' horizontal'
morphologies' (Sommer'et'al.'2014)."" In'Moreton' Bay' substantial' living' coral' assemblages'
remain,' and' they' are' currently' at' their' highest' recorded' living' diversity' (Wallace' et' al.'
2009).' The'' corals' of' inshore' Moreton' Bay' show' a' remarkable' persistence' through' time'
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(78%' are' also' recorded' in' the' Holocene' fossil' record)' and' space' (72%' occur' in' outer'
Moreton'Bay'and'59%'in'New' South'Wales),'indicating'an'inbuilt' resilience' (Wallace'et'al.'
2009).' This' may' be' a' result’ of' a' naturally' dynamic' system,' where' intermittent' loss' of'
species'due'to' severe' natural' impacts'is' mitigated' by' external' recruitment' (Wallace'et' al.'
2009)."" Coral'reefs'in' marine' reserves' of Moreton' Bay' resisted' impacts' of major' floods'
compared' to' other' areas' (that' were' fished),' which' may' reflect' a' greater' ecological'
resilience'due'to'a’'greater'biomass'of' herbivores'influencing'herbivory'on'macroalgae'and’
coral'recruitment'dynamics'(Olds'et'al.'2014).’

Herbivorous' fish'in' reef' habitats' of Moreton' Bay' include' pencil' surgeonfish' (Acanthurus’
dussumieri),’ black' rabbitfish' (Siganus' fuscescens),’ Australian' sawtail' (Prionurus’
microlepidotus),’ parrotfish' (Scarus' ghobban)' and' Bengal' sergeant' fish' (Abudefduf’
bengalensis)," unicornfish' (Naso' unicornis' and' N.' bankieri),’ whitekoar' anthias'
(Pseudanthias' leucozonus),' stripey' (Microcanthus' strigatus),' angelfish' (Pomacanthus'
semicirculatus' and' Centropyge' tibicen)' and' striped' trumpeter' (Pelates' octolineatus)'
(Yabsley'et'al.'2016)." Reef' habitat'in' reserve' areas’' of' Moreton' Bay' supported' a' greater’
biomass'of' herbivorous'fishes'and'had'greater'grazing'of'turf'algae'(Yabsley'et'al.'2016)."

Historically,' reef' growth' in' Moreton' Bay' has' been' episodic,' responding' to' natural'
environmental' variation'throughout'the' Holocene' (Lybolt'et'al.'2011)."' The'only' significant’
change'in' coral' species' composition' occurred' between' approximately' 200' and' 50' years'
ago,'following' anthropogenic'alterations' of' the' Moreton' Bay' and'its' catchments' (Lybolt' et'
al.'2011).!'Moreton'Bay'was'dominated'by' Acropora' species,' but' nutrient' enrichment'and’
sediment' inputs' following' European' settlement' was' likely' to' have' resulted' in' the' shift' to'
massive' corals' (e.g.' Cyphastrea,' Favia' and' Goniopora' species),' which' now' dominate'
communities'(Wallace'et'al.'2009TZann'et'al.'2012).""

In'2015,'the'reefs' of the'inshore' Moreton' Bay'region' had' an' average' hard' coral' cover' of'
20%' and' experienced' the' highest' average' bleaching' relative' to' other' regions' (i.e.'
Sunshine' Coast,' Outer' Moreton' Bay'and'the' Gold' Coast'in'2015)' (Pentti'et'al.' 2016)."" In’
Moreton' Bay,' coral' growth'is' limited' by' environmental' factors' (e.g.' light' penetration' and'
water' chemistry)' (Fellegara' &' Harrison' 2008T Kleypas' et' al.' 1999)' and' in' particular' by'
eutrophication' (Gibbes'et'al.' 2014),' sedimentation' and' fishing' pressure’ (Roelfsema’et' al.'
2017)." " Nonetheless,' Moreton' Bay' coral' communities' have' persisted’ with' communities'
fluctuating' with' water' quality' and' freshwater' flooding' after' heavy' rainfall' (Queensland'
Museum' 2017)." ' Coral' populations' of' Moreton' Bay' have' the' potential' to' be' selfK
sustaining,' ' however,' isolated' reef' areas' may' be' slow' to' recover' from' disturbance'
(Fellegara'et'al.'2013).

Overall,' inner' Moreton' Bay' corals' are' naturally' subject' to' large' fluctuations' in' salinity,’
temperature,' turbidity' and' nutrients' (Dennison' &' Abal' 1999)."' The' project' area'is' unlikely'
to' contain' complex' carbonate' reefs,' but' may' contain' scattered' corals' on' rubble.'' These'
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coral' assemblages' are' likely' to' provide' an' important' contribution' to' carbonate' sediment’
production' (Dennison' &' Abal' 1999)."'' Reproduction' is' likely' to' occur' in' late' spring' and'
summer'(Fellegara'et'al.'’2013).""

Ecological!Significancelof!Coralland!Rocky!Reefs!
Coral'and'rocky'reefs'have'several'important'ecological' functions'including:'
I" physical' structure' (e.g.' protection' of' shorelines' from' waves' and' storms' reducing'
beach'erosion)'
I" biotic'(e.g.'spawning,'nursery,'breeding'and'foraging'grounds'for' marine'life)'
I" biogeochemical'(e.g.'nitrogen'fixation)'
" information'(e.g.'reef'organisms'used'as'monitoring'and'pollution'records),'and'

I" social' /' cultural' (e.g.' recreational' and' aesthetic' values)' (Maragos' et' al.' 1996T
Moberg'&'Folke'1999)."

Reefs' are' also' highly' connected' to' other' marine' and' freshwater' habitats,' such' as'
mangroves,' seagrass' and' estuaries,' with' many' marine' organisms' utilising' a' variety' of'
these'habitats'throughout'their'lifecycles." For'example,'adult'mangrove'jacks'live'on'coral’
reefs,'but'use'freshwater'rivers'and'creeks'as'juveniles'(GBRMPA'2017).'
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Figure'2.22' Inshore'Moreton'Bay'reefal'areas.'Source:'Roelfsema'et'al'’2017.
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2.7! Intertidal!and!Subtidal!Mudflats!and!SandWanks!

Mudflats!and!Sandbanks!of!the!PDA!

The' sediments' within' and' adjacent' to' the' PDA' are' bioturbated' muds' and' sands,’ with'
sparse'areas'of exposed'rubble' (comprising'rocky' material'and'shell'fragments)."' There'is'
a'layer' of' rubble' that'is' below' the' muds'and' sands' throughout'the' PDA'ranging' from'0.1'
to' 0.6'm' below' the' surface.''in' the' 2014' survey,' the' area' of' muds' and' sands' typically'
extended' from'the' mangroves'into' the' existing' channel' or' to' seagrass' beds' north' of' the'
channel.'' The' muds' and' sands' were' not' compacted,' and' were' easily' dispersed.'' There'
were' numerous' holes' created' by' ' burrowing' fauna' (i.e.' crabs' and' polychaetes)' (Figure'
2.23)."

Epifauna' of' the' intertidal' mudflats’ and' sandbanks' was' dominated' by' Hercules' mud'
whelks."' There' were' also' fiddler' crabs' (Uca'spp.)' and' sand' bubbler' crabs' (along' with'
evidence'of'their'foraging)'on'the'mudflats.'

Benthic'infauna'on'the'intertidal' mudflats' and' sandbanks' were' dominated' by’ polychaetes'
with' some' crustaceans,' bivalves' and' gastropods.' ' Polychaetes' were' dominated' by’
individuals' from'the' family' Capitellidae,' which' are' considered' to' be'indicators' of organic'
pollution' (Beesley'et'al.'2000TDean'2008).'' Benthic' communities' of' the'intertidal' mudflats'
have' been' sampled' at' two' sites' in' the' PDA," with' mean' abundance' varied' between'
267'+'109'and' 967'+'303' per' square' meter' between' the' sites.'' Taxonomic' richness' was'
similar' between' sites' (9'to' 10' species).'' Benthic' communities' of' the' intertidal' sandflats'
have'also'been'sampled' at'two'sites'in'the' PDA," with' mean' abundance' varying' between'
83't'67'and'200'+'0' per'square'meter'between'the'sites'and'taxonomic'richness'relatively’
similar'between'sites'(3'to'6'species).""

The' mud' and' sand' habitats' were' similar' to' those' found' throughout' Moreton' Bay' (e.g.'
Godwin'Beach,'Manly'and'Nudgee'Beach)'although'the'sediment'is'less'compacted.'"

In'2014," benthic' communities' of' subtidal' mud' of the' channel' were' sampled' at' two' sites,'
which' were' both' dominated' by' polychaetes,' with' some' crustaceans.' ' Polychaete'
communities' were' dominated' by' the' families' Magelonidae' and' Cossuridae,' while'
crustaceans' were' dominated' by' the' family' Tanaidacea.' The' abundance' (550'+'144' to'
700'+'200' per' square' metre)' and' taxonomic' richness' (8' to' 11' species)' in' the' channel’
were'similar'between'sites.'
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Figure'2.23'

Mudflat'substrate'and'associated’
fauna'burrows'within'the'P DA."

Mudflats!and!Sandbanks!the!Region!

Bioturbated' mud' and' sand' is' the' dominant' habitat' of' western' Moreton' Bay,' with' over'
422'km? of subtidal' unkegetated' habitat' and' 75' km? of intertidal' flats' in' Moreton' Bay'
(Ozcoasts'2009)' (Figure'2.24).'

Sand'from'the'Brisbane' River' has'been'deposited'in'a'river' delta' protruding'into' the' bay,"
some' of' this' material' has' been' transported' by' waves'to' form' tidal' flats,' predominantly’ to'

the' north.'' A' belt' of' riverKderived' mud' (up' to' 5' m' thick)' has' been' deposited' along' the'

western'side' of' the'bay,' extending'to'about' 10'—' 15'm' water' depth' (Maxwell' 1970THekel'

et'al."1979TJones'&' Stephens’'1981).'

Marine'sand'has'been’deposited’' between'Bribie'lsland'and' Moreton'Island,'and' between'
Moreton'Island'and'North' Stradbroke'lsland.'' The'central,'deeper’ part' of' the'bay'receives’
no'sand'and'very'little'mud.’

There' are' two' relatively' diverse' bioregions' for' invertebrate' communities' within' Moreton'
Bay:'the'western'bay'—'dominated'by'estuarine'speciesTand'the'eastern'bay'—'dominated'
by' marine' species' (Davie' 1998).' ' Diversity' in' the' western' bay' is' largely' attributable' to'
infaunal' communities' (living' within' the' sediment),' while' communities' in' the' eastern’ bay'
comprise'a'large'number' of'infaunal'and'epibenthic’ (on'the'surface)'invertebrates'such'as’
corals'and'ascidians.’

Communities' in' the' western' bay' are' characterised' by' infaunal' or' mobile' epibenthic
species' tolerant' of' high' turbidity' and' sedimentation' levels,' such' as' crustaceans,' worms'
and'echinoderms'(Davie'1998)."
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Diversity'in'the'western'bay' is' highest' near' the' mouth' of' the' Brisbane' River'and' declines'
steadily' to' the' north' (Davie' 1998).' ' Some' unvegetated' sandbanks' are' exceptionally'
species'poor,'while'others'throughout' Moreton'Bay'support'diverse'assemblages’ of finfish'
and' decapod' crustaceans' (Lasiak' 1986 T Brown' &' McLachan' 1990T Kailola' et' al.' 1993T
Morrison' 1996)."' Bare' sand' and' mud' flats' support' different' communities' to' vegetated'
areas,'and'are'particularly'important'for'some’'species'of' whiting'and'prawn.’

The' structure' of' benthic' macroinvertebrates' communities' is' influenced' by' a' suite' of'
factors' including' nutrient' loads,' sediment' grain' size' and' turbidity.' ' As' they' are' largely'
immobile,' and' quickly' respond' to' changes' in' these' factors,' changes' in' their' community’
structure' can' be' used' as' a' tool' to' assess' the' ecological' health' of' waterways,' and' to'
identify' characteristics' of pressures' acting' on' those' waterways.'' With' the' use' of' control’
sites,'and'temporally' replicated' baseline' monitoring,'they' can'also'be' used'to' assess' the'
impacts'of'a'development.’

Increases'in'sediment' organic'and' nutrient' loads' often’ leads'to’a' reduction'in' community’
diversity' and' species'richness,' which'is' associated' with' a' shift'in' community' composition’
and'trophic' group' structure' (Pearson' &' Rosenberg' 1978T Tsutsumi' 1990TMeksumpun' &'
Meksumpun'1999TColeman'&' Cook'2003TRossi' 2003).'' Changes'in' sedimentation'rates’
lead' to' shifts'in' trophic' groups,’ with' the' abundance' of' suspension' feeders' decreasing'in’
more'turbid'waters.'

Following' nutrient' enrichment,' the' population' density' of' opportunistic' deposit' feeders'
usually' increases' dramatically,’ and' macroinvertebrate' communities' typically' become'
dominated' by' polychaetes' (Pearson' & Rosenberg' 1978T Tsutsumi' 1990T Meksumpun' &'
Meksumpun'1999)."' These'worms' are' characterised' by' their' ability' to' respond' rapidly' to'
environmental' change' and' are' widely' recognised' as' useful' indicators' of' environmental'
health'(Pearson'&'Rosenberg' 1978 TANZECC'&'ARMCANZ'2000).'
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Figure'2.24' Geomorphic'Habitats'in'Moreton'Bay.'

Ecological!Significancelof!Mudflats!and!Sandbanks!

Areas'of'sandy'and'muddy'sediment,'whilst'commonly' considered'to'be' not'as' productive'
as'areas'supporting'seagrass,'are'also’'important'to'the'ecosystem." Where'sediments'are'
stable,' microalgae' communities'become' established' within'both'the'intertidal' and' shallow'
subtidal."' The' microalgae'support'an'associated' community' of small' benthic'invertebrates'
(e.g.' polychaete' and' nematode' worms,' cumaceans,' copepods' and' soldier' crabs),' which'
in' turn' are' an' important' source' of' food' for' fishes,' such' as' bream' and' whiting' (Weng'
1983).'' Soft' sediment' tidepools' are' formed' at' low' tide,' which' support' a' variety' of' fishes'
and' can' serve' as' a' nursery' for' juveniles,' such' as' whiting' (Chargulaf' et' al.' 2011)."
Laegdsgaard' and' Johnson' (1995)' suggest' mudflat' habitats' may' be' transitional' zones'
between'juvenile'and'adult' habitats.'' Bare' substrates'in’' shallow' waters'may'also' provide'
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shelter' from' larger' predators,' with' whiting,' flathead' and' flounder' commonly' associated'
with'bare'substrate'habitat.'

Intertidal' and' shallow' subtidal' sand'flats' support' a' variety' of fish' species.'' Fish,' such'as'
whiting'and'flathead,'feed'in' sandy'areasTwhereas'fish,'such'as'bream'and' mullet,' prefer'
the' fauna' associated' with' muddy' areas' (Figure' 2.25)." ' In' southern' Moreton' Bay,' the'
yellowfin'bream'is'perhaps'the'best'known'example'of'a'species'that'migrates'to'surf'bars’
to' spawn' (Pollock’ et' al.' 1983).' ' Shallow' surf' bars' are' also' the' spawning' grounds' for'
whiting,'flathead,'luderick,'tailor'and'mullet.’

Bream,' juvenile' sand' whiting' and' other' species' of' commercial' and' recreational"
importance' feed' over' and' along' the' edges' of' sand' banks' (Morton' et' al.' 1987)."' Female'
sand'crabs'are'associated'with'sand'banks,'whilst'males'are'likely'to'be'found'in'adjacent’
gutters' (Smith' & Sumpton' 1987)." ' Bait' species' important' to' both' commercial' and'
recreational' fishers' inhabit' intertidal' and' shallow' subtidal' banks' of' sheltered' bays' (e.g.'
worms)'and'estuaries'(e.g.'yabbies)' (Zeller' 1998).'

Bare' and' soft' sediment' areas' are' typically' dominated' by' burrowing' faunal' species'
(Barnes' &' Hamylton' 2013)' and' the' fauna' associated' with' soft' sediment' habitats' are'
typically' determined'by'the' character' of' the' sediment:'its' grain' size' and' stabilityTand' with'
the' presence’ or' absence' (Poiner' 1980THumphries'et'al.' 1992)," or' proximity' of' seagrass'
(Ferrell' & Bell' 1991).' ' Grain' size' influences' the' ability' of' organisms' to' burrow,' and' the'
stability' of ‘permanent” burrows.' ' Unstable' sediments' support' less' diverse' benthic'
communities' than' those' that' are' relatively' stable.' ' Bare' sediments' within' 10'm' of'
seagrass' meadows'supported'a'similar'total'abundance' of' fishes,'but'a' reduced' diversity'
of' species' compared' with' nearby' Zostera' seagrass' meadowsT whereas' bare' substrate'
100'm’ distant' from' the' seagrass' meadows' supported' significantly' fewer' individuals' and'
species' (Ferrell' &' Bell' 1991)."' In' partial' contrast,’ studies' of bare' substrate' and' nearby'
Ruppia'meadows'showed'finfish'diversity'to'be'higher' over'bare'substrate,'but'abundance’
and'biomass'highest'in'the'seagrass'meadows' (Humphries'et'al.' 1992).'

Shallow' water," bare' sediment’' communities' are' characterised' by' widely' fluctuating'
abundances,' species' richness' and' diversity.' ' These' fluctuations' are' correlated' with'
severe'abiotic'disturbances'(e.g.'wind'and'wave' activity).'' During' calmer' months,' shallow'
bare'sand'developed'similar'communities'to’' deepKvater'bare'sand'habitats' (Poiner' 1980).'
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Figure'2.25' UnWKegetated' sand' and' mud' substrates' are' a' preferred' habitat' of dusky'
flathead.'
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3! Matters!of!NationallEnvironmental!Significance!

The'Environment'Protection'and'Biodiversity’' Conservation'Act'1999' (the' EPBC' Act)'is'the'
Australian' Government’s' central' piece' of environmental' legislation.'' It' provides' a' legal'
framework' to' protect' and' manage' nationally' and' internationally' important' flora,' fauna,'
ecological' communities' and' heritage' places' —' defined' in' the' EPBC' Act' as' Matters' of'
National' Environmental' Significance'(MNES)'(DoTE'2014a).'

The'nine'MNES'to'which'the' EPBC'Act'applies'are:'

' world'heritage'properties'

' national'heritage'places’

' wetlands'of'international'importance' (Ramsar'wetlands)'

' nationally'threatened's pecies'and'e cological'communities’
' migratory'species'

I' Commonwealth'marine'areas'

I' the'Great'Barrier'Reef'Marine'Park’

" nuclear'actions,'and"

' a'water'resource'in'relation'to' coal' seam'gas' development' and'large' coal' mining
development.'

In' addition,'the' EPBC' Act' confers' jurisdiction’ over' actions' that' have' a' significant' impact'
on'the'environment'where'the'actions' affect,' or'are'taken'on,' Commonwealth'land,' or' are'
carried'out'by'a' Commonwealth'agency' (even'if' that'significant'impact'is'not'on'one'of' the'
nine'MNES)."

31! Protected!Matters!Search!

The' Protected' Matters' Search' Tool' was' used' to' assist' in' determining' whether' marine'
MNES' were' likely' to' occur' in' or' near' the' area' potentially' impacted' by' the' proposed'
Toondah' Harbour' development.'' The' search' area' included' the' subject’ site' and' a' 5'km'’
buffer'zone."' This'search'area'was' considered'to'include'all'marine' areas' that' are' within'
the' likely' extent' of' impact,' in' order' to' adequately' identify' all' marine' MNES' that' could'
potentially'be'impacted'by'the'proposed'project.’
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The'following' MNES'relevant'to'marine'ecology' (excluding'avian'fauna)'were'listed'in' this'
search:'

' World'Heritage'Properties'—'none'

' National'Heritage'Places'-'none'

'  Wetlands'of'International'Importance'-'1'

I" Great'Barrier'Reef'Marine'Park'—'none’

I  Commonwealth'Marine'Areas'-'none’

I' Listed'Threatened'Ecological' Communities'-'1"
I" Listed'Threatened'Species'-'14'

I' Listed'Migratory'Species'-'21'

There'are'no'World'Heritage'Properties,'National'Heritage'Places,'Commonwealth'L ands,’
Commonwealth' Heritage' Places,’ Commonwealth' reserves' or' critical' habitats' in' the'
vicinity'of'the'Project' Area.'' Likewise,'the' Great'Barrier' Reef' Marine' Park'is'approximately’
350'km’' north' of' the' proposed' project' and' will' not' be' affected.' ' The' Temperate' East'
Marine' Bioregional' Plan' (Commonwealth' of' Australia' 2012)" has' been' prepared' under'
section'176'of'the' EPBC' Act'for' Commonwealth' Marine' Area' (which'extend'from'3'to' 200’
nautical' miles' from' the' coastline).' ' The' Commonwealth' Marine' Area' is' approximately'
25'km'east'of'the'proposed'project,'and'will'not' be' affected' by'the'proposed' project."

Other' matters' listed' in' the' search' results' included' 43' listed' marine' species' (excluding'
avian'fauna)' and' 14' whales' and' other' cetaceans.'' Listed' ‘marine' species” and' ‘whales'
and'other' cetaceans™ are'protected'in' Commonwealth' Marine' Areas' under'the' EPBC' Act.'
The' closest' Commonwealth' Marine' Area' is' approximately' 25'km' east' of' the' proposed'
project."' The' Project' will' not' have' a' significant' impact' on' Commonwealth' Marine' Areas'
and'thus'listed'‘marine'species’and'species'listed'only'as' ‘marine'species’ or'‘whales'and’
other'cetaceans’ are' not' considered'further'in'this' report.' However,' species'that'are'also’
listed' as' ‘migratory” or' ‘threatened™ are' also' protected' in' state' waters' (i.e.' coastal' waters'
to'three' nautical' miles' and' other' waters' under' Queensland'jurisdiction)' under' the' EPBC'
Act.'

Under'section'34'of'the' EPBC'Act,'threatened'ecological' communities'listed' as'vulnerable'
are' not' protected' under' Part' 3' ‘Requirements’ for' Environmental' Approvals™ of' the' Act.'
The' listed' threatened' ecological' community' in' the' vicinity' of' the' proposed' project' is' the'
Subtropical' and' Temperate' Coastal' Saltmarsh," which' is' listed' as' ‘vulnerable’,’ and' is'
consequently'not'considered'further'in'this'report.’
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‘Wetlands' of' international' importance’,’ ‘threatened' species” and' ‘migratory' species™ are'
discussed'in'the'following'sections.'

Results' of' the' EPBC' Act' Protected' Matters' Search' for' within' 5'km' of' the' subject' site' are'
provided' in' Appendix' B.' ' These' results' are' indicative' only.' ' Further' assessment’ is'
required'(DoTE'2014b),'and'is'provided'in'the'remainder'of'this'C hapter.'

3.2! Wetlands!of!international!lmportance!(Ramsar!Wetlands)!

The'proposed' project'is' within'the' Moreton' Bay' Ramsar' wetland' boundary' (Map'6).'' This'
wetland'is'approximately'113,314'ha'in'its'entirety,'and’' comprises:'

" Moreton'Island'

I' parts'of'North' Stradbroke'lsland’

I' parts'of'South'Stradbroke'lsland’

I' parts'of'Bribie'lsland'

' some'of'the'Southern'Bay'Islands'

' waters'and'tributaries'of' Pumicestone'Passage’

' intertidal'and'subtidal' areas'of' the' western'bay,' southern'bay' and' sandy' channels'
of'the'Broadwater'region'

' marine'areas’'and'sand'banks'within'the'central'and'northern'bay,'and'

" beach'habitats'(DoTE'2014c).'

Aquatic' habitats' within' the' Moreton' Bay' Ramsar’ wetland' include' seagrass' and' shoals,'
tidal' flats,' mangroves,' saltmarshes,' coral' communities,' freshwater' wetlands,' peat' land'
habitats,'ocean'beach'and'foredunes.’

Moreton'Bay'Ramsar'wetland'was'declared'as'it:'

I" is'one' of the' largest' estuarine' bays' in' Australia' which' is' enclosed' by' a' barrier'
island'of'vegetated'sand'dunes '

I" plays'a'substantial'role'in'the'natural'functioning' of'a'major' coastal'system'through’
its' protection' from' oceanic' swells' providing' habitat' for' wetland' development,’'
receiving' and' channelling' the' flow' of' all' rivers' and' creeks' east' of' the' Great'
Dividing' Range' from' the' McPherson' Range' in' the' south' to' the' north' of' the'
D’Aguilar'Range'
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I" supports' over' 355' species' of marine' invertebrates,' at' least' 43' species' of'
shorebirds,' 55' species' of' algae' associated' with' mangroves,' seven' species' of'
mangrove'and'seven'species'of seagrass'

I" is' a' significant' feeding' ground' for' green' turtles' and' is' a' feeding' and' breeding'
ground' for' dugong.' Moreton' Bay' also' has' the' most' significant' concentration’ of’
young'and'mature'loggerhead'turtles'in' Australia,'and'is'ranked'among'the'top'ten’
dugong'habitats'in'Queensland'

I" supports' more' than' 50,000" wintering' and' staging' shorebirds' during' the' nonK
breeding' season.' At' least' 43' species' of' shorebirds' use' intertidal' habitats' in' the'
Bay,'including'30'migratory'species'listed'by' JAMBA'and' CAMBA,'and’

I" is'particularly' significant' for' the' population' of' wintering' Eastern' curlews' (3,000’ to'
5,000)'and'the' GreyHKailed'tattler'(more'than'10,000).'

3.3! Listed!Threatened!Marine!Species!

Fourteen'threatened' (endangered'or'vulnerable) marine'species' were'listed' as' potentially'
occurring' within' 5'km' of' the' proposed' project' using' the' protected' matters' search' tool."
The' likelihood' that' these' species' are' present' in' the' area’ potentially' impacted' by' the'
proposed' Toondah'Harbour'project,'was'assessed'using'the’criteria'in' Table'3.1.""

Table'3.1' Criteria'used'to'assess'the'likelihood' of' occurrence'of species.'
Likeli lof!
tkelihoodlofl 1) ¢ ition!
Occurrence!
low' The'species'is'considered'to'have'a'low'likelihood'of' occurring'in'the'area’

potentially'impacted'by'the'Project,'or' occurrence'is'infrequent'and'
transient."E xisting'database'records'are'considered'historic,'invalid'or'
based'on'predictive'habitat'modelling." The'habitat' does'not' exist'for'the'
species,'or'the'species'is'considered'locally'extinct.' Despite'a'low'
likelihood'based'on'the'above'criteria,'the'species'cannot'be'totally'ruled’
out'of'occurring'in'the'potentially'impacted'area."

moderate’ There'is'habitat'for'the'speciesThowever,'it'is' either' marginal'or'not'
particularly'abundant." The'species'is'known'from'the'wider'region.

high' The'species'is'known'to'occur'in'the'potentially'impacted'area,'and'there'is’
core'habitat'in'this'area.’

Ecological' information' used' in' the' assessment' of' the' likelihood' of' occurrence' of' each'
threatened'marine'species'included:'
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' the'results'of'literature'search"
" the'results'offield'surveys,'and’

I' professional'experience.'

The' likelihood' of occurrence' of' each' species' was' supported' by' evidence' of their' habitat'
preferences,' and'the' availability' and' distribution' of critical’ habitats' close'to’ the' proposed’
project'and'of'the'wider'region.' ' Habitats' of particular'importance'to' Commonwealth'listed’
marine'and'estuarine'species' (i.e.' critical' habitats)'include'their' preferred'/'key:'

" nesting'/'breeding'areas’
I' feeding'habitats,'and'

" migration'corridors'(Reeves'2008TStern'2009).'

It'also'includes' areas' where'the' species' may' not' presently' occur,' which'are' critical' if' the'
species'is'to'recover'from'its' currently'threatened'state' (Gibson' &' Wellbelove'2010).'' The'
presence' and' condition' of these'key' areas'/'habitats,"' and' other' habitats' that' are' vital' for'
the' dayKoKlay' survival' of' listed' species,' can' assist' in' determining' whether' a' species' is'
likely'to'occur'within'a'particular'area.'' The'likelihood' of' occurrence' of' a' species' within'an'
area'will'in'turn'influence'the' extent' of likely'impacts'on'the' population' from'any' proposed’
project.’

The' 'potential' area' of' impact" for' the' purposes' of' this' assessment' comprised' shallow'
inshore' waters' of Moreton' Bay' within' and' adjacent' to' Toondah' Harbour,' including' Fison'
Channel."" Of'the'listed'threatened'species,'loggerhead'turtles'and' green'turtles' are' highly'
likely' and' hawksbill' turtles' are' moderately' likely' to' occur' in' the' potential' area' of' impact'
(Table'3.2).

3.4! Listed!Migratory!Marine!Species!

Twentykone' migratory' marine' species' were' listed' as' potentially' occurring' within' 5'km’ of'
the' proposed' project' using' the' protected' matters' search' tool.'' Of' these' listed' migratory'
species,'12'species'are'also'listed'as'threatened'species.'"’

The' 'potential' area’ of impact” for' the' purposes' of' this' assessment' comprised' shallow'
inshore' waters' of Moreton' Bay' within' and' adjacent' to' Toondah' Harbour,' including' Fison'
Channel."' Of the' listed' migratory' species,' loggerhead' turtles,’ green' turtles,' IndoKacific'
humpback' dolphins' and' dugong' are' highly' likely' and' hawksbill' turtles' are' moderately’
likely'to'occur'in'the'potential'area’of'impact' (Table'3.3)."
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Table'3.2' Threatened' marine'species'listed' as' potentially' occurring' within'5'km' of subject'site'on'the' online' Protected' Matters'search'tool,' and'their' likelihood' of occurrence'in'the' area' potentially'impacted' by'the' Toondah'

Harbour'project.’

EPBC'Act' Likelihood o.f
. Common' . . Occurrence'in'
Species'’ \ Threatened' Ecological'lInformation” .
Name Area'of'Potential’
Status’
Impact"”
Mammals' ! ! ! !
Balaenoptera* blue'whale’ E' While'the'blue'whale'may'occur'in' coastal'and' continental' shelf' waters' off' eastern' Australia,'they'are'typically'found'around'the's outhern'c oastline'off' low'
musculus' Western'Australia'and'South'Australia,'where'there'are'a'number’ of known'coastal' aggregation'sites'associated' with'migratory'routes' (DSEWPAC'2012b)."
Blue'whales'are'considered'to'be'occasional'visitors'to'the' Moreton'Bay'region,'with' 1'stranding' recorded'from'Moreton'Island,' 1'sighting'reported'from'North'
Stradbroke'lsland'and'1'animal'whaled'at'the' Tangalooma'whaling'station'when'in'operation' (Chilvers'et'al.'2005).'
FeedingAreas™
Blue'whales'feed'at'the'ocean'surface'and'at'depth' (Gill' &' Morrice'2003TMcCauley'et'al.'2004)."W ithin'Australian'waters,'there'are'two'known' major'feeding’
areasToff'the'South' AustralianTand,' Western' Australian'coastlines." The'blue'whale'feeds' primarily'on'krill,' but'will' also' consume'fish'and' squid' (Kawamura'
1980)."T he'distribution'of'the'primary'krill' prey'extends'into' Eastern' Australian'waters' (Blackburn'1980)T'rowever,'feeding'areas'within'this'region‘are’
unknown.'
Breeding*Areas*
Blue'whales'calve'in'deep'waters'off' tropical'island' shelfs' outside' of Australian'waters' (DoTE'2016b)."
Migration’Routes*™
The'blue'whale ‘migrates'from' Antarctic'and'sub[Antarctic' waters'in'the' summer'into' Western' Australian'waters'en'route'to' Indonesian' Archipelago'waters'for'
breeding'(Double'et'al.'2012TDouble’et'al.’2014).'In'Australia,'they'primarily'use'western'and's outhern'coastal'waters'd uring' migration' (DEWHA'2008)."
Key*Threats™*
Key'threats'include'whaling,'climate’'change,'noise'interference'and'vessel'disturbance' (DoTE'2016b).’
Summary
Moreton'Bay'is'not'considered'to’be’core'habitat'for'this'species,'and’'the’area'is'unlikely'to'support'important'populations’or'offer'habitat’critical’
to'the'survival'of'this'species." There'is'a'low'likelihood'that'blue'whales'will'occur'in'marine'habitats'within'and'adjacent’'to’'the’' Toondah'Harbour’
project,'particularly’'given'the'relatively'shallow'water'in'the'area.’
Eubalaena* southern'right’  E' Southern'right'whale'sightings'in' Australian'waters'are'seasonal,'typically'occurring'between'May'and'November' (DoTE'2016j)."T hey'are'primarily'found' low'
australis™ whale' around'the'southern’'coastline'off' southern'Western'Australia'and'far'west'as' South' Australia,'where'there'are'a'number' of known'coastal'aggregation'sites’

(DoTE'2016j)."S ightings'in'Queensland'waters'are'rare,'but'this' species'has'been'observed'off' Moreton'lsland,' North' Stradbroke'lsland'and'in' Moreton'Bay'
(Noad'2000).'

FeedingAreas™

Southern'right'whales'are'thought'to'feed'in'deep,' offshore'waters.' Australian'populations' of southern'right'whales'are'likely'to'forage'between'40°S'and’
65°S,'generally'south'of Australia.' The'species'typically' consumes'copepods'in'the'northern'part' of these'waters,'while'at' higher'latitudes' (south'of 50°S), krill'
is'the'main'prey'item'(DoTE'2016j)."

BreedingAreas®

Southern'right'whales'calve'very'close'to'the'coast'in' Australia,'usually'in'waters'<10'm'deep,' primarily'in' Western' Australia'and' South' Australia' (DSEWPAC'
2012b).'Nursery'grounds'are'occupied'from'May'to'O ctober' (DoTE'2016j).'

Migration’Routes™

The'migratory'paths'between’'calving'and'feeding'areas'are'not'well'understood.' However,'there'is' substantial'movement'along' the'coast,'indicating'th at'
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EPBC'Act’
Threatened'
Status'

Common'

Species Name®

Ecological'Information"

Likelihood'of"
Occurrence'in'
Area'of'Potential’
Impact"”

Megaptera* humpback’ V'
novaeangliae' whale'

Reptiles'

Caretta’caretta* Loggerhead' E'
Turtle'

connectivity' of coastal' habitats'is'important' (DoTE'2016j).'

Key*Threats™

Key'threats'include'whaling,'climate’'change,'vessel'disturbance,' competition'with'fisheries'for' prey,'noise'interference'and' habitat' degradation' (Do TE'2016;j).'
Summary'

While'they'may'migrate'along'the'coast,'inshore'coastal'waters’have’'no’particular'significance’'to'southern'right'whales."Moreton'Bay'is'not’
considered'to'be’core’habitat,'unlikely'to'support'important'populations,’or'offer'habitat’critical'to'the'survival'of'this'species."There'is'a'low’
likelihood'that'southern'right'whales'will'occur'in'marine’habitats’'within'and'adjacent'to'the'Toondah'Harbour'project,'particularly'given’the’
relatively'shallow'water'in'the'area.’

Humpback'whales'occur'in'two'separate' populations'within' Australian'waters,'the'west'coast'and'the'east' coast' populations.'' Sightings'along'the'coastlines'
are'highly'seasonal'and'linked'to'the’northerly'and’southerly' migration'routes'to' breeding'areas'in'tropical' waters' (Do TE'2016p)."T he'migratory'pathway'of'
humpback'whales'is'on'the'eastern'side'of' the'large'sand'islands'that' separate' Moreton'Bay'and'the' Pacific' Ocean.' Moreton'Bay'is'an'important'resting'area’
for'humpback'whales'during'migration,' particularly' during'the'southward' migration'in' September'and' October' (Chilvers'et'al.'2005)."'

Feeding®Areas*

Eastern'Australian'humpback'whales'are'likely'to'forage'at' higher'latitudes,'south'of' 55°S,"'and' will'only' feed' opportunistically' upon'arrival'into' coastal'
Australian'waters' (DoTE'2016p)."

Breeding*Areas*

Calving'takes'place'during'winter'in'tropical'w aters'at'low'latitudes'(15°S't0'20°S)' (Chittleborough'1965TW.H.' 1966).'The'breeding'area'for'the'eastern’
population'of'the'humpback'whale'is'presumed'to'be’ off' the' coast' between'central'and'northern' Queensland' (Smith'et'al.'2012).'

Migration’Routes™

During'summer,'humpback'whales'feed'in' high'latitudes'and'during'winter' move'north'to'tropical' waters'for' calving,' using' close,' coastal' waters' (DoTE'
2016p).'During'migration,'resting'is'undertaken'around'the'Hervey'Bay'region' (Chaloupka'et'al.' 1999TPaterson'et'al."2001TDouble'et'al.'2010)'and"around’
Moreton'Bay'(DEH'2005b).'

Key*Threats'
Key'threats'include'whaling,' climate'change,' competition'with'fisheries'for' prey,'noise'interference’and'habitat' degradation' (DoTE'2016p).’
Summary

While'some'areas'in’'the'north’of'Moreton'Bay'are'important'resting’areas'for'humpback'whales,'the’'area’potentially’impacted'by'the’'proposed’
Toondah'Harbour'project'is’not’'considered’'to'be’'core’habitat'and'is'unlikely'to'support'important’'populations’or'offer'habitat'critical'to'the’
survival'of'this'species.'There'is'a'low'likelihood'that'humpback’'whales'will'occur'in'marine'habitats'within'and'adjacent’'to’the’' Toondah'Harbour’
project,'particularly’'given'the'relatively'shallow'water’in'the'area."’

Loggerhead'turtles'are'primarily'found'around'coral'and'rocky'reefs,'seagrass'beds'and' muddy'bays'throughout'eastern,' northern'and' western' Australia’
(Limpus'et'al."1992TPrince' 1994 TLimpus'1995a).'Moreton'Bay'is'an'important'foraging'ground'for'the'loggerhead'turtle’ (DoTE'2013a)'and'loggerhead'turtle’
have'been'reported'in'the'vicinity'of the'project' (ALA'2017)."

FeedingAreas™

The'loggerhead'turtle'forages'in'a'wide'range'of'intertidal'and' subtidal' habitats,'including' coral'and'rocky'reefs,' seagrass'meadows,'and'non[vegetated'sand'
or'mud'areas’(Limpus'2008b)."T hey'te nd'to'maintain's mall'home'ranges'within'their'foraging'grounds'( within'approximately'1 0'to'1 5'km' of coastline).'

low

high'
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Common' EPBC'Act (L)Ike":]ro::d c',ifn'
Species' \ Threatened' Ecological'lInformation” ceurrence .
Name Area'of'Potential’
Status’
Impact"”
Moreton'Bay'is'an'important'foraging'ground'for'the'loggerhead'turtle’ (DoTE'2013a).’
BreedingAreas®
Loggerhead'turtles'nest'on'open,'sandy'beaches'(Spotila'2004).'T he'three'major'nesting'areas'forloggerhead'turtles'in'Queensland‘are'in'the'Great'Barrier'
Reef,'and'include:"
I' the'Capricorn'Bunker'lsland' Groups,'especially' Wreck,' Tryon'and'Erskine'islands'
I Mon'Repos'and'adjacent'beaches'of'the'Woongarra' Coast'and'Wreck'Rock' Beach,'together' with"
I" the'islands'of'the'Swain'Reefs,'especially'Pryce'lsland'and'Frigate,'Bylund,'Thomas'and'Bacchi'cays."’
A'small'number' of'loggerhead'turtles'nest'on'the'local' sand'islands' of Bribie,'Moreton,'and' North'and' South' Stradbroke' (DNPRSR'2007).'
Migration’Routes™
Loggerhead'turtles'show'fidelity'to'both'their' feeding'and'breeding'areas,'and’' can'make'reproductive' migrations'between'foraging'and'nesting'areas' of over'
2,600'km’(Limpus'et'al."1992).""
Key*Threats™*
Key'threats'include'commercial'and'recreational'fishing,' coastal'infrastructure'and' development' (including'industrial,' residential' and'tourism'development),’
Indigenous'harvest,'feral'animal’predation,'and'climate’change’'(DoTE'2016e).'
Summary
While'there'is'unlikely'to'be'any’'nesting'loggerhead’turtles’in’the’vicinity'of'the'PDA,'Moreton'Bay'supports'a'significant’'loggerhead'turtle'feeding’
population.'Loggerhead'turtles'are'highly'likely'to’'occur'in'marine’habitats'within'and'adjacent'to’the'Toondah'Harbour'project,'particularly’in’the’
seagrass'beds’'and’'coral’or'rubble’areas,'which'they'may'use'as'feeding'habitats."
Chelonia* green'turtle’ \A The'green'turtle'is'globally'distributed'in'tropical'and' sub[tropical'waters,'and'is'usually'associated'with's hallow'marine’h abitats'that'support'seagrass'and' high'

mydas*

algal'communities'(DoTE'2013b)."G reen'turtles'are'known'to'feed'on'the'seagrass'in'Moreton'Bay' (DNPRSR'2007)'and'have'been'observed'during'
fortnightly'water'quality'surveys'in'the'vicinity'of'the'P DA'(frc'e nvironmental,'pers.'obs.).'

Feeding®Areas*

Immature'green'turtles'are’'carnivorous' (Brand[Gardner'et'al.' 1999),'while'adults'are'generally’h erbivorous,'fe eding'mostly' on'algae'and'seagrass.' Adults'will'
occasionally'eat'other'items'such'as'mangrove'fruit,'sponges'and'jellyfish' (Pendoley' &' Fitzpatrick' 1999 TForbes'1994).'Adult'green'turtles'ty pically'forage'in’
shallow'benthic'habitats,'such'as'tidal'and'subtidal' coral'and'rocky'reefs'and'inshore'seagrass'beds'and'algae' mats' (Musick' &' Limpus' 1997 TPoiner' &' Harris'
1996 TRobins'et'al.'2002).'Green'turtles'are'’known'to'feed'on'the'seagrass'in'Moreton'Bay' (DNPRSR'2007).'

Breeding*Areas'*

Green'turtles'nest'on'sandy'beaches." In'"Queensland,'southern'green'turtle’ populations'typically' nest'around'the' Capricorn[Bunker' Groups'and'adjacent'
islands'in'the'southern' Great'Barrier'Reef (Limpus'et'al.'2003),'but'also'nest'on'islands'of'the’'outer'edge'ofthe'reef (DoTE'2013b).'There'are’'no'key'nesting'
areas'in'Moreton'BayThowever,'some'turtles'nest'on'the'sandy'beaches'of'the'outer'islands."

Migration"Routes*
Green'turtles'can'migrate'more'than'2,600'km'between'their' feeding'and'nesting'grounds."
Key*Threats'

Key'threats'include' commercial'and'recreational'fishing,' coastal'infrastructure'and'development’ (including'industrial,' residential' and'tourism'development),’
Indigenous'harvest,'feral'animal’predation,'and'climate'change’' (DoTE'2016f).'
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Likelih ‘of’
EPBC'Act’ ikelihood'of
. Common' . . Occurrence'in'
Species' Threatened’' Ecological'Information™ . in
Name' Area'of'Potential
Status’ "
Impact
Summary
While'there'are'unlikely'to'be’'any'nesting'green’turtles’in’'the'vicinity'of'the'PDA,'Moreton'Bay'supports'a‘significant'feeding'populations’'of'green’
turtles.'Green'turtles'are'frequently'observed'in'the'seagrass'beds'adjacent'to'the’'proposed'project'(frc'environmental,'pers.'obs.'during’
fortnightly'water'quality'surveys)."Green'turtles'are'highly'likely'to'occur'in'marine’habitats'within'and'adjacent'to'the'Toondah'Harbour,’
particularly'in'the'seagrass'beds,'which'they'may'use'as'feeding'habitat.’
Dermochelys* leatherback’ E' The'leatherback'turtle'is'a'pelagic'species'in'tropical,' subtropical'and'temperate'waters." On'the' Australian'east' coast,'leatherback'turtles'ty pically'occur'from'  low'
coriacea* turtle' south[east'Queensland'to'central'New'South'Wales." As'the'most'pelagic'of' all'marine'turtles,'the'leatherback'turtle' spends'much’of'its'time'in'the'open'
ocean'and'venturing'close'to'shore,'mainly'during'the'nesting'season' (Lutz' & Musick' 1996 TBenson'et'al.'2007TGBRMPA'2011).'T here'is'no'’known'resident’
population'of'leatherback'turtles'in'Moreton'Bay' (DNPRSR'2007).'
FeedingAreas™
The'leatherback'turtle'is'a'pelagic'feeder,' primarily' consuming'gelatinous'organisms'such'as'jellyfish'and'salps' (Bjorndal' 1997 TKaplan'1995).'T heir'
distribution'reflects'the'distribution’of their'food,'and'can’'be'explained' by ‘hot'spots™ of' jellyfish'abundance' (Leary' 1957 TLazell' 1980).'F oraging'leatherbacks'
have'been'recorded'as'far' south'as'Bass' Strait'and'through'the' Gulf of Carpentaria'(GBRMPA'2011).'
BreedingAreas®
Leatherback'turtles'require'sandy'beaches'to'nest.' There'are'no'large'leatherback'turtle' rookeries'in' AustraliaThowever,'leatherback'turtles'o ccasionally'nest'
within'the' Great'Barrier'Reef,' with'nesting'recorded'at' Wreck' Rock'and'adjacent'beaches'near'Bundaberg' (one'to'three'nests'per'annum)’ (GBRMPA'2011).
Sporadic'nesting'has'been'recorded'at' other'widely'scattered'sites'in' QueenslandThowever,'there'is'a' strong'likelihood'that' leatherback'turtles'have'not’
nested'in' Queensland'since'1996'(Hamman'et'al.'2006 TGBRMPA'2011)."
Migration*Routes*
The'leatherback'turtle'spends'much'of'its'time’in'the’open'ocean'and'may'traverse'thousands'of kilometres'over'its'lifetime'from'feeding'areas'to' nesting'
beaches'(Lutz' & Musick' 1996 TBenson'et'al.'2007).'L eatherback'turtles'are’known'to'migrate'from'Australia'to'rookeries'in'Indonesia,'Papua’New'Guinea'and'
Solomon'lslands'(Hamman'et'al."2006 TLimpus' 1995b).’
Key*Threats™*
Key'threats'include' commercial'and'recreational'fishing,' coastal'infrastructure'and'development’ (including'industrial,' residential' and'tourism'development),’
Indigenous'harvest,'feral'animal’'predation,'and'climate’change’'(DoTE'2016g).'
Summary
Given'that'there'is'no’known'population’in'Moreton'Bay,'there'are’'no'key’'nesting’'habitats'and'it’s’'largely’pelagic’existence,'there’is'a'low’
likelihood'that'leatherback'turtles'occur'in'marine'habitats'within'and’'adjacent'to'Toondah'Harbour.'
Eretmochelys*  hawksbill' V' The'hawksbill'turtle'is'globally'distributed'in'tropical,' sub[tropical'and'te mperate'waters' (GBRMPA'2013c).'T here'is'a's mall'resident'p opulation'o f'h awksbill' moderate'
imbricata* turtle’ turtles'in'Moreton'Bay.'

Feeding®Areas*

Hawksbill'turtles'are’heavily'reliant'on'coral'reef'and'rocky'h abitats,'where'they'forage'mainly'on's ponges'b ut'also'seagrass,'algae,'s quid,' gastropods,'sea’
cucumbers,'soft'corals'and'jellyfish' (GBRMPA'2013c)."A s'juveniles,'they'eat'plankton’ (Meylan' 1984)." Feeding'areas' occur'throughout'eastern' Queensland,’
from'T orres'Straight'to'Julian'Rocks'in'northern'New'S outh'Wales.'

Breeding*Areas*

Hawksbill'turtles'nest' on'sandy'beaches'in'the'northern' Great'Barrier' Reef'and'the' Torres' Strait.'In' Australia,' the'key' nesting'and'inter[nesting'areas'include:’
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I Milman'lsland'and'the'inner' Great'Barrier' Reef' Cays'north'from'Cape'Grenville Central'
I" Torres'Strait'islands'
I" Crab'lsland’
I" Murray'Islands’
I" Darnley'lsland’
I" Woody'lIsland'
I" Red'Wallis'and'Woody' Wallis'Islands'
I' Bramble'Cay'and'Johnson'Islet' (Torres' Strait),'and’
I Western'Cape'York'Peninsula’ (DEHP'2005).'
Migration"Routes*
Hawksbill'turtles'that'nest'or'forage'on'the'east'coast'of' Australia' migrate'to'Indonesia,'Papua'New' Guinea,'the' Solomon'Islands,'and'Vanuatu' (GBRMPA'
2013c).'
Key*Threats'
Key'threats'include'commercial'and'recreational'fishing,' coastal'infrastructure'and'development’ (including'industrial,' residential' and'tourism'development),’
Indigenous'harvest,'feral'animal'predation,'and'climate'change'(DoTE'2016i).'
Summary
Despite'not'providing'critical'habitat,'there'is'a'small'resident'population’of'hawksbill'turtles'in'Moreton'Bay,'and’'they'may'feed'in,'or'traverse,'the’
proposed'project'area."There'is'a’'moderate’likelihood'that'hawksbill'turtles'occur'in'marine'habitats'within'and'adjacent'to'the'Toondah'Harbour’
project."
Lepidochelys*™ olive'ridley' E' Olive'ridley'turtles'occur'in'tropical'and'sub[tropical'regions'of'the'P acific'and'Indian'oceans.'In'Australia,'they'are'found'in's oft{bottomed,'shallow,' protected'  low'
olivacea* turtle' waters'from'the'Joseph'Bonaparte' Gulf'in'Western' Australia'to'southern' Queensland' (GBRMPA'2013d).'T hey'are'ty pically'not'associated'with'coral'reef'

habitat'or'shallow'inshore'seagrass'flats' (Limpus'2008a)."V ery'few'individuals’have'been'recorded'in'Moreton'Bay'(e.g.'only'3'reported'captures'by'fishers'in’
trawl'netsTRobins' & Mayer'1998).'
FeedingAreas™

Olive'Ridley'turtles'feed'in' continental'shelf'waters'on'crabs,'echinoderms,'shellfish'and'gastropods' (GBRMPA'2013d)."A 'substantial'part'of'the'immature’
and'adult'population'forage'over'shallow'benthic'habitats' (Harris' 1994’ cited'in' Limpus'2008a) T'fowever,'large'juvenile’and'adult'olive'ridley'turtles’have'been’
recorded'in'both'benthic'and'pelagic'foraging'habitats' (Musick'&'Limpus'1997).'F oraging'h abitat'can'range'from'depths'of'several'metres'(Conway'1994)'to’
over'100'm'(Whiting'et'al.'2005).'

Breeding*Areas*

There'are'two'main'breeding'areas'for' olive'ridley'turtles'in' Australia,'one'in'the' Northern' Territory' with'about' 1,000’ nesting'females'per'year,'and'the' other'in’
the'Gulfof'Carpentaria'with'less'than'1 00'nesting'females'per'year' (GBRMPA'2013d)."T here'are'no'records'of'nesting'from'the'east'coast'of'Australia.'

Migration"Routes*

Studies'in'the'eastern' Pacific'and' Atlantic' Ocean'show'long'distance'reproductive' migratory'behaviour'for' olive'ridley'turtles,'which'is'similar'to’' other'sea’
turtle'species'(Meylan'1982).'

Key*Threats*
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Key'threats'include'commercial'and'recreational'fishing,' coastal'infrastructure'and'development' (including'industrial,' residential'and'tourism'development),’
Indigenous'harvest,'feral'animal' predation,'and' climate'change'(DoTE'2016m).’
Summary
Moreton'Bay'does’'not'provide’critical'habitat'and’is'unlikely'to’support'important'populations’'or'offer'habitat’critical’'to’'the'survival'of'this’
species.'Further,'very'few'individuals'have'been'recorded'in'Moreton’'Bay." There'is'a'low'likelihood'that'olive'ridley'turtles'occur'in'marine’
habitats'within'and'adjacent'to'the'Toondah'Harbour'project."
Natator* flatback'turtle' V' Unlike'other'marine'turtles,'the'flatback'turtle'lacks'an'oceanic' phase'and'remain’'in'the'surface'waters'of the' continental' shelf' throughout'its'life."" Little'is' low'
depressus* known'about'their'foraging'habits'and'habitat,'although'juvenile'and'adult'turtles' seem'to' occupy' similar'habitats'and'both'forage'on'soft[bodied' (mostly’

benthic) organisms'(Limpus'et'al."1994).’
FeedingAreas™

The'flatback'turtle'tends'to'forage'in'shallow'continental' shelf' waters'with' soft' substrates,'feeding'on'a' variety' of soft[bodied'animals,'including'soft' corals,'sea’
pens,'sea’'cucumbers'and'jellyfish'(Limpus'2007)."C atch'records'from'trawlers’ (as'bycatch)'indicate'that'the'flatback' turtle'also'feeds'in'turbid,' shallow' (depth’
of'10'm'to'40'm)'inshore'waters." The'foraging'distribution'for'the'eastern' Australian'stock'encompasses'from'Hervey'Bay'to' Torres' Strait'and' possibly'into’
the'Gulf'ofPapua’(Limpus'2007).’

Breeding*Areas*

Flatback'turtle'nesting'habitat'includes'sandy'beaches'in'the'tropics'and'subtropics,'with'all'recorded'nesting'beaches'in' Australia' (Limpus'et'al. 1989).'In’
eastern'Queensland,'flatback'turtles'nest'between'Bundaberg'in'the'south'to'the' Torres' Strait'in'the'north." The'main'nesting'sites'in'the'southern' Great'
Barrier'Reef'are:"

I" Curtis'lsland"'

I" Peak'lsland"

I" Facing'lsland"

" Hummock'Hill'lsland,'and"

I" Wild'Duck'islands' (Limpus'1971TLimpus'et'al.'1983).'

Scattered'aperiodic'nesting'occurs'along'the'mainland'and’'on'inshore'islands'between' Townsville'and'the' Torres' Strait' (Limpus'et'al.' 1994)."N esting'activity’'
is'greatest'between’late'November'and'early' December'ceasing'sometime'in'late' January.'

Migration’Routes*™

Flatback' Turtles'make'long'reproductive'migrations'similar'to’other'species' of sea'turtles,' although'most' of' these'movements' are'restricted'to' the' continental'
shelf'(DoTE'2013c)."Migrations'have'been'recorded'between'Australia'and'Indonesia,'Papua'New' Guinea,' Solomon'lslands'and'Vanuatu'(GBRMPA'2013a).

Key*Threats'

Key'threats'include'commercial'and'recreational'fishing,' coastal'infrastructure'and'development' (including'industrial,'residential'and'tourism'development),’
Indigenous'harvest,'feral'animal’predation,'and'climate’change’'(DoTE'2016q).'

Summary

Moreton'Bay'is'not'considered'to’be’core'habitat'and’is'unlikely'to’support'important'populations’or' offer'habitat’critical'to'the'survival'of'this’
species.'Further,'very'few'individuals'have'been'recorded’'in'Moreton'Bay."" There'is'a'low’'likelihood'that'flatback'turtles’occur'in’'marine’habitats’
within'and'adjacent'to'the'Toondah'Harbour'project.’
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Fish'and'Sharks' ! ! !
Epinephelus® black'rockcod' V' The'black'rockcod'occurs'in'warm'temperate'and'subtropical' waters' of' the'south[western'Pacific,'including'south[eastern' Australia'and'parts'of New'Zealand'  low"
daemelii* (DSEWPaC'2012a).'Black'rockcod'generally'inhabit'near[shore'rocky'and' offshore'coral'reefs'at'depths'down'to'50'm,"'but'are' occasionally'recorded'from'
deeper'waters.'In' coastal'waters'adult'black'rockcod'are'found'in'rock' caves,'rock' gutters'and'on'rock'reefs.'Recently' settled'juveniles'are'often'found'in'
coastal'rock'pools,'while'older'juveniles'can'be'found'in'estuaries' (DSEWPaC'2012a)."
FeedingAreas™
Black'rockcod'are'a'large,' opportunistic' carnivore'that'preys'on'smaller'fishes'and' crustaceans' (McCulloch' 1922TPogonoski'et'al.'2002a).'It'i s'likely'th at'they'
feed'in'and'around'rocky'or'coral'reef habitats.'
Breeding*Areas*
Little'is'known'about'their' reproductive'behaviour,'but'they'are'known'to'aggregate'during' spawning' (Malcolm'&'Harasti'2010).'
Key*Threats™*
Current'threats'to'black’'rockcod'are'incidental' by[catch'by' commercial'and'recreational'fishers,'and'illegal'fishing'activities' (DSEWPaC'2012a)."M odification’
of'estuarine'habitat'is'considered'a' potential'threat'to'juvenile'black'cod' (DSEWPaC'2012a).'
Summary
Given'the'banks'are'predominantly’lined'by’'mangroves'with'sandy'or'muddy’substrates,'there'is'a’'low'likelihood'that'black'rockcod'occur'in’
marine'habitats'within'and’'adjacent'to'the’'Toondah'Harbour'project.’
Carcharias* grey'nurse’ CE' The'grey'nurse'shark'occurs'in'two'distinct' populations'on'the'east' and' west' coast'of Australia.' The'eastern'coastal'species'is'distributed'from'southern’ low'
taurus™ shark' Queensland'to'southern'New' South'Wales,'with'sharks' primarily' aggregating'within'inshore'rocky'reefs'and'islands' (DoTE'2016c¢).'Critical'h abitat'for'th e’
shark'includes'those'sites' used'for'aggregation'and'several' of these'are'noted' within'the' Moreton' Bay'Marine' Park' (Environment' Australia'’2014).'
FeedingAreas™
Grey'nurse'sharks'may'work' cooperatively'to'feed' (Compagno' 1984 TIreland' 1984)'and'feed'on'a' variety' of smaller'vertebrate,' squids'and' crustaceans'
(Compagno'1984).'lt'i s'likely'that'fe eding'takes'place'around'aggregate'areas.'
Breeding*Areas*
Little'data'is'present'on'the’'breeding'areas'of'the'grey'nurse'sharkThowever,'the' females'may'give'birth'at'select'pupping’'grounds' (Do TE'2016¢).'Within'
pregnant'grey'nurse'sharks'of' eastern' Australia,'a'southerly' migration'is'noted'to' pupping'grounds'from'northerly' mating'and'gestation'aggregation'sites’
(Bansemer'&'Bennett'2008).’
Migration’Routes™
North'to'south'migration'between'key'critical'habitats'in'grey'nurse'sharks' occurs'between'aggregation'sites'for' both'male'and'female'sharks' (Bansemer'and'
Bennett'2008).'
Key*Threats'
Key'threats'include'commercial'fisheries'bycatch'and'tourism'(DoTE'2016¢).'
Summary
As'the'area’of'the'subject’site'does’'not'meet'key’habitat'requirements’for'this'species,'there’is'a’'low'likelihood’that'this'species'would'occur'in’
marine'habitats'within'or'adjacent'to'the'Toondah'Harbour'project.
Carcharodon* great'white' V' Great'white'sharks'are'found'in' most' coastal' waters'of' Australia,'with'the'exception'of the'Northern' Territory." The'shark'generally'inhabits'both'inshore' low'
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carcharias® shark' coastal'and'continental'habitats' (Pogonoski'et'al.'2002'in' DEWHA'2009)Thowever,' within' Australian'waters,'the' great' white'shark'primarily'inhabits'those’
areas'from’'the’'coast'to’' 100'metres'(DoTE'2016d)."T here'are'few'records'of'great'white'sharks'in'Moreton'Bay' (Karczmarski'et'al.' 1997).'
Feeding®Areas*
Juvenile'individuals'selectively'hunt'smaller'prey'classes’ (e.g.'fish'and'other's harks),'while'larger'individuals'a ppear'to's electively’hunt'marine'mammals’
(Estrada’et'al.’2006 TMalcolm'et'al.’2001).'S easonal'site'fidelity'appears'to'occur' (CMAR'2007).'
Migration’Routes™
Seasonal'migration'is'apparent'in'both'juvenile'and'adult' great' white'sharks'and'display' highly'directional,' coastal' migration'up'the'eastern’ coast'with'through'
interconnected'habitat'areas'during'autumn’'to’winter' (Bruce'et'al.'2006).'
Breeding*Areas*
Limited'data'is'available'for'particular'breeding'areas,' however'it'is'expected'to’ occur'from'spring'through'to'summer'in'temperate'areas' (Francis' 1996 T
Uchida'et'al."1996).'
Key*Threats*
Key'threats'include'commercial'fisheries'bycatch'and'human’protective'measures'(DoTE'2016d).'
Summary'
There'is'a'low'likelihood'that'great'white'sharks'occur'in'marine'habitats'within'or'adjacent'to’'the'Toondah'Harbour'project,'particularly'given’the’
relatively'shallow'water’in'the’area.’

Pristis*zijsron* green'sawfish' V' In'Australian'waters,'green'sawfish’'have'historically'been'recorded'in'the'coastal'waters'off'Broome,'W estern'Australia,'around'northern' Australia'and'down' low'
the'east'coast'as'far'as'Jervis'Bay'in'New'South'Wales'(Stevens'et'al.'2005)."However,'there’'have'been'no'records'of'this's pecies'south'of'Cairns'since'the'
1960s'(Stevens'et'al.'2005)."T he'green'sawfish'inhabits'inshore'marine'waters,'e stuaries'and'river'mouths'with'b oth'sandy'and'muddy'b ottom'h abitats' (Allen’
1997TPeverell'et'al.'2004TStevens'et'al.'2005)."It'h as'been'recorded'in'very'shallow'water'(<1'm)'to'offshore'trawl'grounds'in'over'70'm'of'water' (Stevens'et'
al.'2005).'

FeedingAreas™

Sawfish'feed'on'fishes'and'benthic'invertebrates.' They'are'relatively'active'on'the’mud'and’'sand'flats'on'a'moving'tide,' presumably'feeding' (GBRMPA'2012)."
Breeding*Areas*

Estuarine'habitats'are'used'as'nurseries'with'juveniles'migrating'into’marine'waters' (Thorburn'et'al.'2007).'

Key*Threats'

Key'threats'include'fisheries'pressure'and'habitat'degradation' (Do TE'2016t).'

Summary
The'green'sawfish'has'not'been'recorded’south'of'Cairns'since'the'1960s.'There'is'an’'extremely'low’likelihood'for'the'species'to’'be'in'marine’or’
freshwater'habitats'within'or'adjacent'to’'the'Toondah'Harbour'project.’

Rhincodon* whale'shark' V' The'whale'shark'is'found'in'all'oceanic'and' coastal' waters'around' AustraliaThowever,'is'more' common'in'those' of northern'Western'Australia,'the'N orthern' low'

typus* Territory'and'Queensland' (Compagno' 1984 TLast' &' Stevens' 1994)."W hale's harks'prefer'warmer's urface'waters'with'cold[water' upwellings' (Pogonoski'et'al.'

2002b)."lIt'i s'noted'as'a'pelagic'shark,'but'will'also'come'into'coastal'waters' (DoTE'2016u).’
FeedingAreas™

Whale'sharks'primarily'feed'on'planktonic'and'nektonic'prey'using'a'suction'filter' feeding'technique' (Compagno’'1984).'The'shark'appears'to'aggregate’
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seasonally'in'response'to'a’pulse'surge'in'prey'in'the'areas'around:’
I" Ningaloo'Reef (DoTE'2016u)'
I" Christmas'lsland’'(DEH'2005b)'
I' Coral'Sea'(DEH'2005b)'
Overall'feeding'appears'typically'to'occur'near'or'at'the' water'surface'(Compagno' 1984).'
Breeding*Areas*
Data'on'sexual'activity' of' the'whale'shark'is'limited,'and'no'evidence'of pupping'has'yet'been'recorded’ (Rowat' &' Brooks'2012).'As'no'observations'have'
occurred'off'the'highly'populated' coastline' of Eastern' Australia,'it' would' presume'to’only'occur,’in'remote'areas’ offshore.’
Key*Threats™*
Key'threats'include'predation,'habitat'degradation,' competition'with'fisheries'and'tourism' (DoTE'2016u).'
Summary
As'the'adjacent'area'does'not'meet'habitat'requirements’of'this'species,'there’is'an'extremely’low’likelihood'for'whale’'sharks’'to'occur'in'marine’
habitats'within'or'adjacent'to'the'Toondah'Harbour'project.’
Source:'(DoTE'2014b)’'

CE' Critically'EndangeredTE' endangeredT' V' vulnerable'
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Table'3.3' Migratory' marine' species' listed' as' potentially' occurring' within' 5' km' of' the' subject' site,' on' the' online' Protected' Matters' search' tool,' and' their' likelihood' of occurrence' in' the' area’ potentially' impacted' by' the'

Toondah'Harbour'project.’

Common'® EPBC'Act’
Species' \ Threatened'
Name
Status’

Likelihood'of"
Ecological'Information’ Occurrence'in'Area’of'
Potential'lmpact’

Mammals'

Balaenoptera®edeni* Bryde’s' [
whale'

Balaenoptera' blue'whale’ E'
musculus™
Eubalaena’australis* southern' E'
right'whale'

Megaptera* humpback’ Vi
novaeangliae* whale'

Orcaella*heinsohni*  Australian' -
* snubfin’

dolphin'
(previously'known'
as*Orcaella*
brevirostris)*

Bryde’s'whales'occur'within'all' Australian'waters'except'Northern' Territory,'and,'are'found'in'both'inshore'and' offshore'waters' (Bannister'et'al.' 1996)." low
There'are'a'limited'number'of sightings'in' Australia.' Bryde’s'whale'is'an' occasional' visitor'to'the' Moreton'Bay'region,' with'two'sightings'recorded'
from'Moreton'and'North'Stradbroke'islands’(Chilvers'et'al.'2005)."

FeedingAreas™

Bryde’s'whales'feed'on'a'variety'of prey'items' (Kato'2002TMartin' 1990)'and'are'broken'into'two'key' ‘forms™ (Best' 1977).'T he'coastal'w hale'will'
consume'schooling'fishes'while'the' offshore'whale'ingest' crustaceans'and' cephalopods' (Best' 1960T1977TKawamura' 1980 TNemoto' & Kawamura'
1977TOhsumi'1977).'No'specific'feeding'areas'are'known'for' Bryde’s'whaleThowever,'it'appears'that'the'whale' may'follow'local'movements'of' prey"
(DoTE'2016a).'Limited'dive'times'have'led'to'the'whale'being'considered'as'pelagic' (DoTE'2016a).'

Breeding*Areas*

There'are'no'known'breeding'areas'for'Bryde’s'whaleThowever,'the' offshore'form'does'travel' northerly'to'tropical' waters'during' winter'and'may' be'for'
breeding'and'calving'(Kato'2002).'

Migration’Routes™

Limited'migration'occurs'for'Bryde’s'whale.'The'inshore'form'appears'to'display'limited'm ovement'while'the'offshore'form'migrates'from's ubtropical’
to'tropical'waters,'presumably'for'reproductive’purposes.’

Key*Threats™*
Key'threats'include'competition'with'fisheries'and'oceanic'pollution' (DoTE'2016a).'
Summary

Moreton'Bay'is'not'considered'to’be’'core'habitat'for'this'species,'and’'the'area’is'unlikely'to'support'important'populations’or'offer'habitat’
critical'to'the'survival'of'this'species."" There'is'a'low'likelihood'that'Bryde’s'whales’'occur'in'marine’habitats’'within'or'adjacent'to'the’
Toondah'Harbour'project,'particularly'given’the’relatively'shallow'water'in'the'area.’

See'Table'3.2.' low'

See'Table'3.2.' low'

See'Table'3.2.' low'

This'species'is'listed'as' Orcaellabrevirostris{Irrawaddy'dolphin)'in'the' EPBC'search'results.'However,'in'2005,' genetic'analysis'showed'the'dolphin'  low
described'as'the'lrrawaddy'dolphin'in' Australia' was'actually'a' different'species,'now'described'as'the' Australian'snubfin'dolphin,’ Orcaella*heinsohni'
(Beasley'et'al.'2005)."W hile'lrrawaddy'dolphins'occur'across'southern'Asia’'and'the'Gulf'of'Papua'New'Guinea,'in'b oth'coastal'and'freshwater'
systems'(Culik'2010),'the'Australian's nubfin'dolphin'occur'only'in'waters'off'the'northern'half'of'Australia’and'is'Australia’s'only'e ndemic'd olphin’

species.'' The'Australian'snubfin'dolphin'occurs'from'approximately'Broome'on'the'west'coast'to'the'Brisbane'River'on'the'east'coast,'of'which'the'
latter'was'considered'outside'the'normal'range’ (Parra'et'al.'2002).'T here'appears'to'be"hotspots"ofhigher'densities'along'the'Queensland'coast’
(Parra'et'al.'2002)'and' preliminary'data'suggest'that'they'occur'in'small,'localised' populations' (Stacey' &' Arnold' 1999)."

They'appear'to'inhabit' shallow'waters'<15'm'deep'within' 10'km’'of'the'coast'and'up'to'20'km’' of'a'river'mouth,'often'in' proximity'to'seagrass'
meadows'(GBRMPA'2013b)."It'i s'doubtful'that'they'venture'very'far'upstream'in'river'systems,'although'occasional'vagrants'may'venture'upstream'
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(Parra'et'al.'2002)."
Feeding®Areas*
Like'the'lrrawaddy'dolphin'the' Australian'snubfin'dolphin'is'assumed'to'be'an'opportunistic[generalist'feeder,'taking'food'from'the'bottom'and'water’
column.'Diet'consists'primarily'of'fish,'but'includes'cephalopods' (squid'and'octopus)'and' crustaceans' (prawns'and'crabs).' Feeding'may'occur'in'a’
variety'of' habitats,'from'mangroves'to'sandy'bottom’'estuaries'and'embayments,'to'rock'and' /' or' coral'reefs.'Feeding' primarily' occurs'in' shallow'
waters'(less'than'20'm)'close'to'river'mouths'and'creeks' (DoTE'2016r).’
BreedingAreas®
There'is'limited'information'on'the'breeding'and' calving'areas'of' the' Australian'snubfin'dolphinThowever,'mating'is'likely' to'occur'year'round' (DoTE'
2016r).’
Migration’Routes™
Limited'information'exists'on'their' migration'routesThowever,"home'ranges'and'territories'for'appear'to’'be'large' (DoTE'2016r).’
Key*Threats'
Key'threats'include'competition'with'fisheries,'incidental’ capture'in'nets, ' habitat' destruction'and' degradation,'pollution'and'interaction’ with' vessels'
(DoTE'2016r).!
Summary
The'Brisbane'River'is’considered’'the’'southern\nost'extent'of'the' Australia’snubfin'dolphin’range,’and'even’so'tenuously." Therefore,'there’
is'a'low'likelihood'that'Irrawaddy'dolphin’or'Australian’snubfin'dolphins’occur'in'marine’habitats’'within'or'adjacent'to'the’'Toondah’
Harbour'project,'which'is'south'of'the'Brisbane'River.’
Sousa’thinensis* Indo[Pacific' - The'distribution'of' Indo[Pacific' humpback'dolphins'appears'to'be'continuous'along'the'east' coast' of Queensland' (Corkeron'et'al.'1997).'The'Indo] high'
humpback’ Pacific’humpback'dolphin'usually'inhabits'shallow' coastal'waters'in'association'with'rivers'or' creeks,'estuaries,'enclosed'bays'and' coastal' lagoons'
dolphin’ (Hale'et'al.'1998TParra'2006).'Recent'surveys'conducted'in'the'far'northern'section'of'the'Great'Barrier'ReefMarine'P ark'showed'that'most'sightings'

of'Indo[Pacific'humpback'dolphins'occurred'in'waters'less'than'5'km'from'land,'20'km'from'the' nearest'river'mouth,'and'in'waters'less'than'15'm'
deep'(Parra'et'al.'2006b)."Moreton'Bay'is'one'of'the'southernmost'bay'systems'with'a'resident'Indo[Pacific'humpback'dolphin'population'and'is'
estimated'to'have'approximately' 100'and' 163'individuals,'predominantly'in'the' western'side'of the'bay' (Chilvers'et'al.'2005TParra'et'al.' 2006a).

FeedingAreas™

Indo[Pacific'humpback'dolphins'have'only'been'recorded'feeding'in'shallow'waters.' They'feed'in'a'variety' of' habitats,'from'mangroves'to'sandy’
bottom'estuaries'and'embankments'to'rock'and'/'or'coral'reefs'(DSEWPC'2013TDEHP'2013). They'are'opportunist[generalist'feeders,'consuming'a’
wide'variety'of' coastal'and'estuarine'fishes,'but'also'reef,'littoral'and'demersal‘fishes,'and'some'cephalopods'and' crustaceans' (Parra' 2005)."

BreedingAreas®
No'key'calving'areas'are'known'in' Australian'waters' (Bannister'et'al.' 1996).'
Migration’Routes*

Indo[Pacific'humpback'dolphins'are'considered'to’be'migratory,'with'evidence'of migration'across'international' boundaries' (Culik'2003). In'
Queensland,'there'is'evidence'to'indicate' possible'seasonality' between'different'habitats’'(DEHP'2013)."H ome'ranges'appear'to'be'large.’

Key*Threats'

Key'threats'include'habitat' destruction'and'degradation,'bycatch'in'gillnets'and’shark' nets,illegal’ sport'killing,' overfishing' of prey'species, ' pollution’
and'human’interaction'threats'arising'from'tourism'and'transport'(DoTE'2016v)."

Summary
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Given'their'’known'population’in'Moreton'Bay'and’'preference'for'shallow’'coastal'and'estuarine’areas,'the’'iIndoWPacific'humpback'dolphin’
are'highly'likely'to'feed'in'or'traverse'within'marine'habitats'of'the’'Toondah'Harbour'project'area."

Dugong*dugon* dugong' [ Dugong'occur'in'all'northern'coastal' waters'from'Broome'in'Western' Australia'to' Moreton'Bay'in' Queensland' (Marsh'et'al.'2002TMarsh'et'al.'2011)."  high'
The'population'of' dugongs'in'Moreton'Bay'has'been’estimated'to'range'between'approximately'503'to' 1019'individuals.' The'eastern'banks'of'
Moreton'Bay'supported'80-98%'of'the'dugong'population'at'any'one'time.'In'this'area,'there'are'several' dugong''hot'spots" generally'associated' with'
seagrass'communities'(Lanyon'2003TChilvers'et'al.'2005).'

Feeding™Areas™
Dugongs'feed'almost'exclusively'on'seagrass,'particularly'H.'uninervis,'H.'ovalis'and'H.' spinulosa,'and' principally'inhabit' seagrass' meadows' of'
shallow,'protected'bays'and'mangrove'channels' (Preen'1992TPreen’'et'al.' 1995TLanyon' & Morris' 1997 TMarsh'et'al.'2011)."T heir'dependence'on’
seagrass'for'food'generally'limits'them'to'waters'within' 20'km'of' the'coast,' although'individuals'have'been'sighted'further' from'the' coast' during' aerial'
surveys'(e.g.'Marsh'&'Lawler'2002)'and'they'have'been’'observed'feeding'in'deep[water' (water'depth'of'more'than'20'm)'seagrass’(Lee'Long'et'al.’
1997).""

BreedingAreas®

Limited'data'suggests'that'dugong'utilise'tidal'sandbanks'and'estuaries'for' calving'(Marsh'et'al."1984TMarsh'et'al.'2011)."Mating'herds'have'been’
observed'in'Moreton'Bay'(Marsh'et'al.'2011).'

Migration*Routes*

Dugongs'prefer'shallow'and'protected'areas'with'seagrass'meadows,'however'they'can'be’highly' migratory'due'to'their' search'for' suitable'seagrass'
or'warmer'waters'(Marsh'et'al.'2002)'and'are'known'to'travel' several' hundred'kilometres.' Dugongs'have'evolved'to' cope'with'the'inherently’
unpredictable'and'patchy'nature’ of seagrass'meadows'by'moving'to'alternative'areas'known'to' support'seagrass'in'the'past.’

Key*Threats™*

Key'threats'include'habitat'degradation,’ pollution,'anthropogenic'noise'and'interaction'with'fisheries' (DoTE'2016h).'

Summary'

Moreton'Bay'supports'feeding’'and'breeding’'populations'of'dugong.'Dugong'have’'been’observed’'near'Toondah'Harbour'
(frc'environmental,’pers.'obs.)'and'are'highly'likely'to'occur'within'the’'marine’habitats'of'the'Toondah'Harbour'project'area, 'particularly’in’
the'seagrass'beds.’

Lagenorhynchus*™ dusky' [ Dusky'dolphins'mostly'occur'in'temperate'and'sub[Antarctic,'inshore'waters' (Ross' 2006 TDoTE'2016k)." T here'are'only'thirteen'records'of'the'd usky' low'

obscurus* dolphin’ dolphin'in'Australian'waters' (Bannister'et'al.' 1996 TGill'et'al."2000TRoss'2006).'

Feeding®Areas*

Dusky'dolphins'are'considered'to’'be'surface'feeders’' (DoTE'2016k).'Limited'e vidence'suggests'they'fe eds'offshore'during'the'night'and'rests'inshore'
during'the'day' (Sekiguchi'et'al.'1992TBannister'et'al.' 1996 TWrsig'et'al.' 1997).'N o'Australia[ specific' feeding'information'is'available Thowever,'it'
would'be'expected'that' Australian'populations'of' the'dusky'dolphin'exhibit'similar'behaviour.'

Breeding*Areas™
No'breeding'or'calving'areas'are'identified'in' Australian'waters' (DoTE'2016k).'
Migration’Routes™

Limited'information'is'available'for'seasonal'movement'patterns'in' Australia,’but'movement' patterns'may'be'linked'to' the'position' of' the' Subtropical’
Convergence'and'/'or'ENSQ'events'(DoTE'2016k).’

Key*Threats*
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Key'threats'include'pollution'and'interaction'with'fisheries.'
Summary'
Moreton'Bay'is'not'considered’to'be’'core’habitat'for'this'species,'and'the'area'is'unlikely'to'support'important'populations'or'offer'habitat’
critical'to'the'survival'of'this'species." There'is'a'low'likelihood'that'dusky'dolphins'will'occur'in'marine'habitats'within'or'adjacent'to'the’
Toondah'Harbour'project,'particularly'given’the'relatively'shallow'water'in'the'area.’
Orcinus’orca* killer'whale' [ Killer'whales'are'found'throughout' Australian'state,' continental'and' oceanic'waters.' Within'these'waters, 'killer'whales'are' predominantly'found'in’ low'
southern'state'waters’(Ling' 1991 TChatto' & Warneke'2000)."
Feeding®Areas*
Killer'whales'feed'on'an'abundance’of prey'types'including'fish,'invertebrates,' birds'and'marine'mammals' (Bannister'et'al.' 1996 TSaulitis'et'al.'2000).'
In'Australia,'foraging'generally'occurs'in'coastal'or'oceanic'waters' (DoTE'2016s).'T herefore,'foraging'by'killer'w hales'within'M oreton'Bay'would'b e’
highly'unlikely.'
Breeding*Areas*
No'calving'areas'are'known'in' Australian'waters' (DoTE'2016s).’
Migration’Routes™
Killer'whales'are'noted'to' probably'follow' migratory'routes’' (Do TE'2016s) T'lowever,'these'migratory'routes'would'generally'occur'along'ty pical'
habitatsToceanic'or' continental'shelf'waters.'
Key*Threats*
Key'threats'include'pollution,'targeted'hunting'and'illegal'killing,'and'interactions'with'fisheries,'including'the' potential' for'incidental’ capture' (Do TE'
2016s).’
Summary'
Moreton'Bay'is'not'considered'to’'be’'core'habitat'for'this'species,'and’'the'area’is'unlikely’'to'support'important'populations’or'offer'habitat’
critical'to’the'survival'of'this'species."There'is'a'low'likelihood'that'killer'whales'will'occur'in'marine'habitats'within'or'adjacent'to'the’
Toondah'Harbour'project.”
Reptiles’ ! ! ! !
Caretta’caretta™ loggerhead' E' See'Table'3.2. high'
turtle'
Chelonia’mydas*™ green'turtle’ V' See'Table'3.2. high'
Dermochelys* leatherback’ E' See'Table'3.2. low'
coriacea* turtle'
Eretmochelys* hawksbill' V' See'Table'3.2. moderate'
imbricata™ turtle'
Lepidochelys*™ olive'ridley' E' See'Table'3.2. low'
olivacea™ turtle'
Natator’depressus™ flatback'turtle' V' See'Table'3.2. low'
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Fish'and'Sharks' ! ! ' '
Pristis*zijsron* green' \A See'Table'3.2. low'
sawfish'
Rhincodontypus*® whale'shark' V' See'Table'3.2. low'
Carcharodon* great'white' \A See'Table'3.2. low'
carcharias* shark'
Lamna’nasus* mackerel' - The'mackerel'shark'is'a'wide'ranging' coastal'and'oceanic'species'found'in'temperate'and' cold[temperate'waters'worldwide,'preferring'w ater’ low'
shark' temperatures'below'18°C'(Stevens'et'al.'2006)."I n' Australia,'this'species'occurs'from'southern'Queensland'to'south[west' Australia' (Last' &' Stevens'
2009).'They'ty pically'occur'in'oceanic'waters'offthe'continental's helf,'although'they'o ccasionally'e nter'coastal'waters' (Francis'et'al.'2002). *
Feeding®Areas*
Mackerel'sharks'are'thought'to'be'reasonably'flexible'in'the'types'ofhabitat'used'for'foraging' (Pade'et'al.'2009).'The'm ackerel's hark'fe eds'on'pelagic’
fish'and'cephalopods,'with'elasmobranchs'forming'a‘'s mall'part'of'their'diet' (Joyce'et'al.'2002).’
BreedingAreas®
Mackerel'sharks'in'the'southern'hemisphere'are'thought'to’give'birth' off New'Zealand'and' Australia'in'winter' (Francis' &' Stevens'2000)T'rowever, little'
is'known'of'their'key'pupping'areas.’
Migration*Routes™
The'mackerel'shark'is'known'to'undertake'seasonal'migrations,'although'the'timing'and' details' of these'migratory' movements'are'not'well[
understood'(Saunders'et'al.'2011).’
Key*Threats'
The'key'threat'to'this'species'is'overfishing' (DoTE'2016l).
Summary
Mackerel'sharks'typically’'occur'in'waters'off'the’'continental’shelf."While'they'may'venture'into'the'coastal'area’of'Moreton'Bay,'the'marine’
habitats'within'or'adjacent'to'the’'Toondah'Harbour'project'are’unlikely'to’'provide’significant’habitat'for'them.’
Raysl ' ' ' '
Mantabirostris* giant'manta’ - The'taxonomy'of' mantra'rays'has'recently'been'revised'and'the'genus' Manta'now'includes'two'distinct' species:' low'
ray'

I' Mantabirostris'a'more'oceanic'species'that' migrates'large'distances'in'cooler'waters,'and’

I" Manta“alfredi’ more'common’on'the' continental'shelf,'around'tropical' and' subtropical’ coral'and'rocky'reefs, 'islands'and'along' coastlines' (Marshall'
2008TMarshall'et'al.'2009TCouturier'et'al.'2011Tsee'below).'

FeedingAreas™

The'manta'rays'feeds'on'plankton,'and'can'be'encountered'in'large'numbers'along' productive' coastlines' with'regular'upwelling,' oceanic'island'
groups'and'particularly'offshore'pinnacles'and'seamounts'(Marshall'et'al.'2011)."T hey'can'also’be'encountered'on's hallow'reefs'while'b eing'cleaned’
or'feeding'at'the'surface'inshore'and'offshore.'In'inshore'areas,'they'can'occasionally'be'observed'in'sandy'bottom'areas'and'seagrass'beds'
(Marshall'et'al.'2011).’

*

Breeding*Areas*

There'is'little'information’on'the'reproductive'biology' of the'giant'manta’ray’ (Marshall'et'al.'2011).'
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Migration"Routes*
While'the'manta'rays'is'widely'distributed'and'appears'to’be'a'migratory'species,'regional' populations'appear'to'be’'small' considering'the'scale' of'
their'habitat'(Marshall'et'al.’2011).’
Key*Threats*
No'threat'data'is'available’(DoTE'20160).'
Summary
The'area'adjacent'to'the'Toondah'Harbour'project'does'not'provide’critical’habitat'for' M. birostris,'and'there'is'a’'low'likelihood'they'will'
occur'in'marine'habitats'within'or'adjacent'to’'the’'project'area.’

Manta’alfredi* Reef'Manta' ' As'above,'the'taxonomy'of'mantra'rays'has'recently'been'revised'and'the'genus' Manta'now'includes'two'distinct'species:' low'

Ray'
y I' Manta’birostris'a'more'oceanic'species'that' migrates'large'distances'in' cooler'waters'(see'above),'and’
I" Mantaalfredi’ more'common’'on'the' continental’ shelf,'around'tropical' and' subtropical' coral'and'rocky'reefs, 'islands'and'along' coastlines'(Marshall'
2008TMarshall'et'al.'2009TCouturier'et'al.'2011)."

Of'the'two'giant'manta'ray'species,'the'most'likely' species'to'occur'near'the'coastline'is' M. *alfredi."T his's pecies'shows'high'site'affinity'that'is'likely'
to'be'related'to'feeding'areas,'cleaning'stations,'reproductive'sites'and'migratory'landmarks' (Couturier'et'al.'2011).’
Feeding®Areas*
The'manta'rays'feeds'on’plankton,'and'can’'be'encountered'in’'large'numbers'along' productive' coastlines' with'regular'upwelling,'oceanic'island’
groups'and'particularly'offshore'pinnacles'and'seamounts' (Marshall'et'al.'2011)."T hey'can'also’be'encountered'on's hallow'reefs'while'b eing'cleaned’
or'feeding'at'the'surface’inshore'and' offshore.'In'inshore'areas,'they' can'occasionally'be'observed'in'sandy'bottom'areas'and' seagrass'beds’
(Marshall'et'al.'2011).’
Breeding*Areas*
There'is'little'information'on'the'reproductive'biology' of the'manta'rays' (Marshall'et'al.'2011).’
Migration’Routes™
While'the'manta'rays'is'widely'distributed'and'appears'to'be'a' migratory'species,'regional' populations'appear'to'be'small' considering'the'scale' of'
their'habitat'(Marshall'et'al.’2011).’
Key*Threats™*
No'threat'data'is'available’(DoTE'2016n).'
Summary
While'the'area'adjacent'to’'the’ Toondah'Harbour'project'may’provide’some'habitat'requirements’for'vagrant'M. alfredi,'there’is’an'extremely’
low'likelihood'that'they'will'occur'in'marine’habitats'within'or'adjacent'to’'the'area.’

Source:'(DoTE'2014b)’'

E' endangeredTV' vulnerable
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4" Assessment'of'Potential'impacts“and'Mitigation'Measures"”

The' discussion' of' potential' impacts' presented' here' is' preliminary,’ and' based' on' a'
combination' of' professional' experience' gained' working' on' similar' projects' and' the'
preliminary' master' plan.'' As' detailed' design' and' construction' methods' are' yet' to' be'
finalised,' the' discussion' of' potential' impacts' is' generic,' and' subject' to' further' design'
information."'

Potential'direct'impacts'include:'

I" loss'of'habitat'directly'under'the'footprint' of the'proposed'project’
I' gain'of' habitat'in'some'of'the'footprint'area’
" marine'fauna'becoming'trapped'orinjured'in'wet'excavation'areas.’
Indirect'impacts'to'the'marine'e cosystem'may'include:'
I" disturbance' of sediments' and' soil' (increasing' turbidity,’ suspended' solids,'
sedimentation,'nutrients,'contaminants'and'potential'acid' sulfate'soils)'
I" spills'of'hydrocarbons'and'other'contaminants"'

" increased' stormwater' runoff' (with' greater' nonkermeable' surfaces' on' the' subject’
site)'and'associated' contaminants'and'foreshore'erosion’

I' altered'hydrodynamics'
' increased'site'access'and'boating'
I" spread'of'weeds'and'pests,'and’

" increased'litter.’

Following'dredging'of Fison'Channel,' water' quality'is'likely'to'improve'around'the'channel’
as' deepening' the' channel' will' reduce' the' current' disturbance' of' bottom' sediments' from'
boating'activities' (particularly'large'passenger'and'vehicle'ferries).'

41" Loss'of'Habitat"

Direct' impacts' that' may' result' from' the' construction' of' the' proposed' project' are' the'
physical'removal'of,'and'damage'to'aquatic'habitats."'
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The' proposed' project’ will' result' in' the' direct' loss' of' aquatic' habitat' under' the' project’
footprint."' While' the' design’ of' the' footprint' is' yet' to' be' finalised,' it' is' likely' to' include' at'
least' a' portion' of' the' PDA' area,' and' thus' result' in' a' loss' of habitat' in' the' PDA,' which'
includes:'

I" approximately'5.3'ha'of'mangroves"

I' approximately'32.7'ha'of'seagrass'(ranging'in'cover'from'1%'t0'85%)'

I" isolated'and'clumps'of'algae'and' potentially' coral' growing'on'bare' sediments'and'
rocks'

I' nonKegetated® soft'sediments'and'the'associated' macrobenthos.'

Other' habitats' along' the' foreshore' including' natural' and' artificial' rock," pylons' and'
concrete'walls'will'also'be'either'removed'or'incorporated'into'the’ project'design.'""

The'risk' of direct' disturbance'to' aquatic' habitats' during' construction' can' be' minimised' by
limiting'the' area' of' disturbance,' for' example'by' using' areas' within' the' project' footprint' for'
any'temporary' construction'and'storage,'and’ by' marking'any' marine' plants'that' are'to' be'
retained'and'avoiding'their'disturbance.'

4.2"  Gain'of'Habitat"

The'installation'of'the' pylons'and'other'structures'will' provide'hardkKsubstrate'that' will' likely'
be'colonised'by'algae'and'invertebrates'such'as' oysters'and' barnacles,'and' shelter'for'a’
range'of'fishes'and'mobile'invertebrates'(such'as'prawns).""

Artificial'structures'such'as'the'proposed'pylons'provide'valuable'habitat' for'fish'as'they:'

I' provide'protection'from'predators'
I' feeding'opportunities'
I' shelter'from'currents’

" shade,'which'is'also'important'in' attracting' many' fish' species' (de'la' Moriniere' et'
al.'2004XVerweii'et'al.'2006),'and"

I' extra'settlement'habitat'for'recruitment' (Derbyshire'2006)."

21

Devoid' of' macroscopic' floraX benthic' microalgae' are' expected' to' be' associated' with' the' surface'
sediments’
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The' characteristics' of' artificial' structures' and' the' organisms' growing' on'those' structures'
influences' the' type' of' fish' and' other' fauna' that' it' is' likely' to' support.'' Studies' of' natural’
and'artificial' habitat'indicate'that' each'support'a'fish' fauna' of similar' species'richness,'yet'
of' different,’ but' often' overlapping,' assemblages' (Fujita' et' al.' 1996X Clark' &' Edwards'
1999).""

FishKriendly' structures' should' be' incorporated’ into' the' design' where' possible.' ' The'
Fisheries' Guideline'for' FishKriendly' Structures' outlines' several' general' and' specific' fishK
friendly' design' features' intended' for' developments' that' require' aquatic' infrastructure'
(Section' 4.2" in' Derbyshire' 2006).' ' Design' options' that' may' be' considered' for' the'
structures'associated'with'the'upgrade'may'include:'

I" incorporating' artificial' habitat' modules' under' piers' and' other' supporting' structures'
of'the'marina’

I' use'of revetments' constructed' from' different' sized' pieces' of' rock' that' offer' more'
habitat'than'walls'made'out'of'smooth'concrete'

' gently'sloping'revetments'rather'than'vertical' revetments,'and'

' not' using' materials' such' as' polystyrene,' tyres,' treated' wood' and' uncured'
concrete."

4.3" Marine'Fauna'Trapped'in‘Excavation"Areas”

Fish,'" turtles' and' marine’ mammals' may' become' trapped’ in' excavation' areas' during'
excavation,' dredging' and' reclamation' works.'' Impact' to' these' marine' fauna' will' depend'
on'the'time'taken'to' excavate'and'the'turbidity’ of the' water' during'excavation,' with'higher'
turbidity'and'longer'periods'more'likely'to'negatively'impact'marine'fauna.’

A' management' plan' for' minimising' the' risk' of' impacting' marine' vertebrates' should' be'
formulated' prior' to' inK or' onKvater' construction' activities.' Mitigation' options' to' be'
considered'include:’

' installing’ sheet' piles," silt' curtains' or' other' temporary' barriers' at' low' tide' to'
minimise'the'number'of marine'vertebrates'caught'in'the'area’

I" capturing' fish' within' the' area' confined' by' the' sheet' piles,’ silt' curtains' or' other
temporary'barriers'and'releasing'them'outside'the'area’

I' visual' observations' by' a' trained' marine’ mammal' and' turtle' spotter' prior' to'
commencement'of' excavation'and'dredging'activities'
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4.4"

cessation'of'excavation'or'dredging'if'a'dolphin,'dugong'or'turtle'is' observed'within'
the'area,'until'the'animal'can'be'removed'from'the'area’'being'excavated,'and’
using' mechanical' noise' to' drive' marine' mammals' away' from' an' area' prior' to'
completion' of' the' installation' of' sheet' piles,' silt' curtains' or' other' temporary'
barriers."

Disturbance'of'Sediments"and'Soils"

Disturbance'of'sediment'and'/'or'soils'may'lead'to:'

"
"
"
"

!l

changes'in'benthic'community'structures'
increases'in'turbidity,'sediment'suspension'and'smothering'
nutrient'enrichment'of surrounding'waters'

release'of contaminants,'and"

exposure'of'acid'sulfate'soils'(ASS)."

Sediments' may' be' disturbed' by' construction' activities' such' as' clearing' and' earthworks,'
dredging' and' reclamation,' and' pile' placement.'' The'risk' and' severity' of' these' potential'
impacts'will'be'related'to' the'intensity,' duration,' spatial' extent' and' frequency' of' exposure'
that' results' from' the' construction' works."' ' Potential' impacts' to' each' habitat' type' are'
outlined' in' the' remainder' of' this' section.' ' Communities' that' are' most' sensitive' to'
disturbances' of' sediment'and'/'or' soils' in' the' area' are' seagrass' meadows'and' scattered'
corals'on'rubble."M easures'to'reduce'potential'impacts'to'these' communities'include:'

!I

designing' the' project' to' minimise' the' area' of sediment' and'/'or' soils' being'
disturbed'
using'temporary'enclosures' (complete' enclosures'such'as'sheet' piles' or' alternate'

enclosures' such'as'silt' curtains)' to' reduce' the'intensity' and' spatial’ distribution' of’
potential'impacts'

isolate' the' disturbance' areas,’ for' example' by' using' sheet' piles,’ silt' curtains,' oil'
spill'booms,'bunding,'trenching'and'/' or'similar'technologies'

identification' and' management' of' acid' sulfate' soils' and' other' contaminants,'

through'a'sediment'sampling'and'analyses'plan’' (SAP)'

developing' thresholds' for' turbidity' and' suspended' solids,’ and' appropriate'
management' (e.g.' triggers' for' ceasing' works)' for' seagrass' and' corals' and'
monitoring'water' quality'during'construction,'and'
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" monitoring' changes' in' seagrass' and' coral' communities' postkonstruction' to'
determine'any'potential'impacts.'

Measures' such' as' avoiding' disturbance' of sediment' and'/'or' soils' during' important'
periods'of' reproduction'for'coral'and'seagrass'(e.g.'late'spring'and' summer)'or' during'low'
tide' when' water' is' shallower' and' dredge' plumes' may' be' more' concentrated' may' also'
reduced' potential' impacts.'' Further,' given' corals'in' the' area' are' isolated' individuals' on'
rubble'(rather'than'reef' complexes),'a' coral'translocation'and'replantation'program,'where'
coral' are' moved' to' nearby' area/s' during' construction' and' returned' to' the' area' post'
construction'would'also'reduce’'impacts'to’coral'assemblages."

A'complete'enclosure' (e.g.' by'installing' temporary' sheet' piles)' of areas' where' sediments'
and'soils' are'to' be' disturbed,' including' the' marina' and' reclamation' areas,’ would' isolate'
increases'in' turbidity,' suspended' sediment' (and' hence' smothering)," nutrient' enrichment,’
contaminants' and' acid' sulphate' soils' to' the' adjacent' marine' environment.'' Temporary'
sheet' piles' have' been' used' successfully' in' other' reclamation' and' marina' project' in'
Queensland' and' are' likely' to' be' the' best' practice' method' for' minimising' impacts' of'
disturbances' of sediment' and' soils.'' The' design' and' application' of' comprehensive'
Erosion'and' Sediment' Control'Management' Plans'and'an'Acid' Sulfate' Management' Plan’
will' also' minimise' and' manage' potential' impacts' of' disturbing' sediment' and' soil' in' the'
marina'and'reclamation‘areas.’

The' development' and' application’ of' thresholds' for' turbidity' and' suspended' solids' over'
seagrass'and' corals'would'also' contribute'to' minimising'impacts.'' Such'thresholds' would'
include' maximum' allowable' exceedances'above'ambient' levels'and' limits' to'the' duration’
of' plumes,' along' with' appropriate' management' responses' (e.g.' triggering' cessation' of'
works).' Thresholds' should' be' site' specific,’ and' take' into' account' the' variability' in' local'
ambient' levels' and' the' sensitivities' of' local' species' (Erftemeijer' &' Robin' Lewis' 2006 X
Erftemeijer'et'al.'2012)."'

Impacts'to'Benthic'Communities"

Excavating'or'dredging' soft' sediment' habitats'in'the' proposed'marina'as'well'as'dredging
Fison' Channel' may' impact' macroinvertebrate' communities.' ' Impacts' to' softksediment’
benthic' macroinvertebrate' communities' are' likely' to' be' temporary' (recovering' in' a' few'
months)," although' where' the' freshly' exposed' substrate' is' physically' or' chemically
different' from' the' removed' sediment,' community' structure' may' change.' ' Community
structure' may' also' change' due' to' increases' in' depth,’ decreases' in' light' penetration
associated'with'a'deeper'environment,'and’'with'changes'in'currents'in'the'water'column."
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Soft' sediment' communities' within' the' marina' and' channel' are' likely' to' be' deeper' and' in'
some' areas' of' the' marina' will' receive' shade' from' the' structures,' leading' to' reduced'
benthic'microalgal' (BMA)' biomass.' Due'to'the' relatively' small' area'that' will' be' disturbed,’
any' shifts' in' benthic' macroinvertebrate' community' structure' are' unlikely' to' significantly'
impact'fisheries'productivity'on'a'local'or'regional'scale.’

Increased'Turbidity,"Suspended'solids"and'Sedimentation”

Disturbance' of substratum' may' result' in' sediment' (and' associated' chemicals)' becoming'
suspended.' ' The' effects' of' increased' turbidity' suspended' solids' and' sedimentation’
resulting'from'dredging'/'excavation'and' spoil' handling'are' highly' variable." The'likelihood'
of' increases' in' suspended' sediments' and' of' smothering' are' closely' related' to' the'
characteristics' of' the' sediment.'' Coarse' sediments' settle' from' the' water' column' quickly'
and' are' unlikely' to' move' away' from' the' excavation' site.' ' Fine' sediments' remain'
suspended' longerXmay' be' carried' further' before' settling,' and' consequently' are' more'
likely'to'smother'marine'organisms.'

Seagrass and Macroalgae Communities

The'temporary'increase'in'turbidity’' associated'with' excavation'and'spoil' handling'typically'
reduces'or'alters'the'penetration’ of' light' through'the'water' column'(McMahon'et'al.'2017)."
Light'availability,' or' specifically' the' duration' of' light' intensity' exceeding'the' photosynthetic'
light' saturation' point,' controls' the' depth' distribution' of' seagrasses' (Dennison' &' Alberte'
1985XDennison' 1987 XAbal' &' Dennison' 1996)." For'example,'on'average' 30%' of surface'
lightXa' light' attenuation' cokefficient' of less'than' 1.4m"" and' total' suspended' solids' of less'
than'10'mg/L'are'required'for'the'survival' of' Zostera(muelleri(in' Moreton' Bay((Longstaff' et'
al."1998XAbal' & Dennison' 1996).'' H.(ovalis' another' common' species'in'the'area,' has'a'
particularly'low'tolerance'to'light'deprivation'caused'by'pulsed'turbidity'such'as'floods'and’
dredging' (Longstaff' et' al.' 1998)."' However,' H.(ovalis' can' quickly' recolonise' areas'due'to'
its'high'growth'rate'and'high'seed'production.’

Availability' of' light' also' affects' the' productivity' of' seagrasses.' ' Seagrass' exposed' to'
higher' light' intensity' is' more' productive' than' seagrass' in' less' intense' light' (Grice' et' al.'
1996).' Consequently,'impacts'associated' with'dredging'may'result'in'at' least'a'temporary’
decrease' in' seagrasses' productivity.' ' Light' also' controls' the' population' dynamics' of'
macroalgae'(Lukatelich'&'McComb'1986aXcited'in'Lavery'&'McComb'1991).""
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When'suspended'solids'settle'on'seagrass'communities,'the'burial’can'result'in'increased'
seed' germination,' decrease' in' shoot' density' and' productivity,' changes' in' growth' (e.g.'
increase'vertical'and'rhizome'growth)'and' mortality’' (Cabaco'et'al.'2008)." '

The' sensitivity' of' seagrass' to' turbidity' and' sedimentation' varies' within' and' between'
species'and'life' histories' (Erftemeijer' & Robin'Lewis'2006)." Local' conditions'influence'the’
sensitivity' of' seagrass' species,' with' areas' experiencing' large' fluctuations' in' background'
turbidity' often'displaying' greater'resilience' (Erftemeijer' & Robin'Lewis'2006)."' Further,'the'
deepest'edge' of' meadows' are' often' more' susceptible'to’' changes'in'light'levels' (Ralph' et'
al.'2007).'' Thus,' increases' in' turbidity' and' sedimentation' are' likely' to' result' in' adverse'
environmental' effects' when' the' turbidity' generated' (by' dredging' for' example)' is'
significantly' larger' than' the' ambient' (or' baseline)' variation' of' turbidity' and' sedimentation’
rates'in'the'area’ (Erftemeijer' & Robin'Lewis'2006).""'

Coral and Rubble Assemblages

Most'coral'are'host'to'symbiotic'zooxanthellae' (algae)'that' can'produce'the'majority'of'the’
corals'energy' requirements' through' photosynthesis."' Turbidity' and' suspended' sediments'
(which' can' result' from' dredging,' excavation' and' reclamation' works)' reduce’ light' levels'
and' hence' the' ability' of' the' zooxanthellae' to' photosynthesise' (Erftemeijer’ et' al.' 2012)." "
Sediment'settling'on'coral'can'also'clog'filtering'and'feeding'apparatus,'smother'coral'and’
/' or' further' reduce' the' light' available' for' photosynthesis' by' shading' symbiotic'
zooxanthellae.' ' Energy' is' expended' on' clearance' of' settling' sediments,' such' as' the'
production' of' mucus' (Erftemeijer' et' al.' 2012XBesselllBrowne' et' al.' 2017a)." ' With' the'
production' of mucous' sheets' and' effective' bioindictor' of' sediment' related' exposure' for'
massive' Porites' corals' (RussellBBrowne' et'al.' 2017).'' Embryo' and' larval' stages' of' coral’
tolerate' higher' sediment' loads' and' are' less' sedimentksensitive' than' other' lifeKistory'
pelagic'stages'(Ricardo'et'al.'2016)."'

Suspended' sediments' can' also' effect' reproduction' and' recruitment' processes' which'
underlie' the' maintenance' of communities' and' their' resilience' to' disturbance.'' Never' the'
less,' light' limitation' is' thought' to' have' a' greater' impact' on' coral' health' than' suspended’
sediments'(BesselllBrowne'et'al.'2017b).'

Overall' impacts' to' corals' from' increased' turbidity,' suspended' sediment' and' smothering'
include' reduced' growth,' lower' calcification' rates' and' reduced' productivity,' bleaching,’
increased'susceptibility'to'diseases,' physical'damage,'reduced'regeneration'and’' mortality’
(Erftemeijer'et'al.'2012)."' This' can'result'in' changes'in' community' structure,’ decrease'in’
density' and' diversity' of' coral' and' loss' of' reef' habitat' if' sediment' disturbances'are' severe'
and'longHKasting' (Erftemeijer' et'al.' 2012)."'' Fine' sediments'tend' to' have' a' greater' impact'
on'corals'than’'coarser'sediment' (Erftemeijer'et'al.'2012).'
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Soft Sediment Benthos

The'fauna' associated' with' soft' sediment' habitats'is' typically' determined' by' the' character

of'the'sediment:'its'grain'size'and' stability' and' with'the' presence'or'absence' of seagrass."
Grain' size' influences' the' ability’ of organisms' to' burrow,' and' the' stability' of' ‘permanent”

burrows.'' Unstable' sediments' support' less' diverse' benthic' communities' than' those' that'

are' relatively' stable.'' Resuspension' of' fine' sediments' can'interfere' with' the' feeding' and'

respiration'of'benthic'fauna.'"

Increases' in' the' concentration' of' suspended' solids' may' impact' the' respiration' and'
feeding' of' a' variety' of' taxa' reducing' abundance,' species' diversity' and' productivity.'' The'
deposition' of' fine' sediment' over' existing' substrate' is' likely' to' influence' the' community'
structure'in' favour' of' those' species' most' able'to' cope' with' fine' sediment' substrate'to' the'
disadvantage' of' those' less' able.'' Filter' feeding' and' gilled' fauna' are' most' likely' to' be'
affected.' Whilst' dredging' may' impact' soft' sediment' invertebrate' communities' within' the'
dredge'plume,'impacts'are'typically'temporary'and'reversible.'

Fish and Marine Megafauna

Although'some'fish'and'marine'megafauna'(e.g.'dolphins,'turtles'and'dugongs)' may'avoid'
areas'of' high'turbidity'and' suspended'solids,' areas' of' high'turbidity' and' suspended'solids'
may' also' be' attractive' to' a' range' of' fish,' particularly’ juveniles,' as' it' confers' a' greater'
degree' of protection' from' predators'(Blaber' & Blaber' 1980).' 'Reduced' visibility' can' also'
change'the'behaviour' of' mobile' marine'fauna.''Suspended' sediment'in'the' water' column'
can' cause' physiological' effects' to' fish,' such' as' clog' gills' or' influence' reproduction’
(e.g.'fertilisation,'or'survival' of'eggs'or'larvae).' Although,'there'is'evidence'that'levels' high'
enough' to' directly' affect' fish' physiology' are' limited' to' the' immediate' vicinity'of' the'
dredging' and' disposal' operations' (McCook' et' al.' 2015' and' references' herein).''Fish' and'
marine'megafauna' may'be'indirectly'impacted’ by'the'loss' or' degradation' of habitats,' and'
effects'on'food'webs,' connectivity,'and' changes'in'ecosystem’'processes.'"

Nutrient'"Enrichment'of'Surrounding'Waters""

The' proposed' development' may' result' in' an' increase' in' nutrients' in' the' surrounding'
water,'for' example'by' disturbance'of' the' sediment." Such'increases' are' likely'to' be' minor
where' development' is' controlled' by' an' appropriate' Environmental' Management' Plan."
Never'the'less'potential'impacts'of'an'increase'are' nutrients'are'discussed'below.’
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Mangroves and Saltmarsh

Increased' nutrients' can' have' positive' impacts' on' the' productivity' of' mangrove'
communitiesXcommonly' there'is' an' increase' in' growth' and' productivity' associated' with'
low'levels'of nutrient'enrichment' (e.g.'Onuf'et'al.' 1977 XClough'et'al.' 1983 XDunstan’' 1990X
McLaughlin'1987)."" Available' data' suggests'that' nitrogen' availability' is' limiting' mangrove'
growth'in' south' east' Queensland' waters,' such' as' Moreton' Bay' (Dennison'et' al.' 1998)."
However,' as'there' was' no'increase' in' leaf' turnover' rates,' the' capacity' of mangroves'in'
Moreton' Bay' to' convert' dissolved' nutrients' to' particulate' nutrients' via' litter' fall' may' be'
limited' (Dennison'et'al.' 1998)." That'is,'increasing' nutrients'may'lead'to'an'initial'increase’
in' biomass' of' mangrovesX however,' this' uptake' may' not' be' sustained.'' In' northern'
Australia,'leaf' production'increased' with' nitrogen’ fertilisation' (Boto' &' Wellington' 1983)."" It'
has'been'suggested'that'the' response’ of' mangrove'forest'to' nutrient' enrichment' could' be'
in' two' stages,' with' an' initial' increase' in' leaf' production' followed' by' an' increased' foliar'
nutrient'concentration'(Dennison'et'al.'1998)."'

Seagrass

Nutrients' released' from' disturbed' sediments' may' alter' the' community' composition' of'
floral' and' consequently' faunal' communities.'' Increased' nutrient' loads' may' to' lead' to' an'
increase' in' phytoplankton' densities,' and' consequently' a' reduction' in' water' clarity' and'
seagrass'depth'distribution'(Dennison'et'al.' 1993)."'

Moderate'amounts' of additional' nutrients'in'the' water' column'can'also'increase' seagrass'
growth' (McRoy' &' Helfferich' 1980).' ' However,' as' macroalgae' are' more' efficient' at'
absorbing' nutrients' from' the' water' column' than' seagrasses' or' coral,' higher' levels' of'
nutrient' enrichment' can' lead' to' an' increase' in' macroalgae' growth' at' the' expense' of'
seagrass' and' coral' (Wheeler' &' Weidner' 1983XZimmerman' & Kremer' 1986XKoop' et' al.'
2001 XLapointe' 1997XMcCook' 1999)."'' Consequently,’ benthic' macroalgae' may' overgrow'
and'displace'seagrass,'whilst'drift'and’ epiphytic'algae'may'physically' shade'seagrass'and'
coral,' reducing' their' growth' and' distribution' (Twilley' et' al.' 1985XSilberstein' et' al.' 1986 X
Maier' &' Pregnall' 1990XTomasko' &' Lapointe’' 1991)."' Epiphytic' algae' may' also' reduce’
diffusive' exchange' of' dissolved' nutrients' and' gases' at' leaf' surfaces' (Twilley' et' al." 1985X
Neckles' et' al.' 1993)." ' Acute' nutrient' enrichment' may' also' stimulate' the' growth' of'
mangrove'and'saltmarsh'(Adam'1990XAdam'1995)."

The' trophic' structure' of' benthic' invertebrate' communities' often' changes' with' increased'
nutrient'levels,' becoming' dominated' by' small' opportunistic’ deposit' feeders."' In' eutrophic'
estuaries' deposit' feeding' spionid' and' capitellid' polychaete' worms' often'tend' to' dominate'
benthic'communities.’
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Macroalgae and Phytoplankton

Elevated' nutrients' can' rapidly' be'taken' up' and' stored' by' macroalgae' and' phytoplankton'
during'pulsed'discharge'events' (Furnas'2003)." Phytoplankton'is' very'abundant'in' coastal'
waterways' and' has' high' nutrient' uptake' rates.'' As' a' result,’ phytoplankton'is' commonly'
the' principal' flora' assimilating' nitrogen' and' phosphorus' within' coastal' estuaries' of'
southern'Queensland.'

Nutrients' exported' to' or' released' within' the' coastal' zone' can' significantly' increase' the'
productivity' and' competitive' potential' of' some' macroalgal' species' (Schaffelke' &' Klumpp'
1998aX Schaffelke' &' Klumpp' 1998b)," with' macroalgal' cover' often' being' significantly’'
correlated' with' distance' from' rivers' mouths' and' positively' correlated' with' turbidity,'
chlorophyllka'and'current'speed' (van'Woesik'et'al.'1999)."

Phytoplankton' communities' are' sensitive' indicators' of' nutrient' enrichment.' ' Increased’
nutrient' availability' has' been' linked' with' not' only' increased' phytoplankton' biomass,"' but'
also' with' a' shift' in' the' community' composition' of' the' phytoplankton.'' Whilst' correlations'
between'increased' water' column' nutrient' levels' and'increased' phytoplankton'abundance’
are'common,'phytoplankton'assemblages'can'incorporate'nutrients'so'rapidly'that'there'is'
no' apparent' increase' in' nutrients' in' the' water' column.'' Phytoplankton' has' the' ability' to'
uptake' nutrients' in' various' forms,' such' as' ammonium' (the' preferred’ form' of' N),' nitrate,’
urea'and'phosphate’(Dennison'&'Abal'1999).'

The' diatomKyanobacteria' fraction' of' the' phytoplankton' community' is' often' the' first' to'
respond'to'increased' nutrient' availability' (Parsons'et'al.' 1978,' cited'in' Hallegraeff' 1996),’
consequently' diatoms' are' typically' associated' with' algal' blooms' in' tropical' and' subK
tropical' coastal' waters."'' However,' chronic' elevations' in' available' nutrients' can' result' in'
pronounced' shifts' from' high' biomass' microplankton' communities' dominated' by' diatoms,’
to'highly'productive'picokanoplankton'communities' (Harding'1994)."

Phytoplankton' growth' is' primarily' limited' by’ light,’ nutrients' (principally' phosphorous' and'
nitrogen)' and' temperature." ' However,' other' macronutrients' such' as' silicate' and'
micronutrients' (vitamins,' trace' elements' and' chelators)' are' also' important' in' controlling'
growth'and'community'composition'(Hallegraeff' 1996).'

The' Ecosystem' Health' Monitoring' Program' administered' by' the' Healthy' Waterways'
Partnership' investigated' factors' limiting' phytoplankton' growth' in' Moreton' Bay' and' the'
surrounding' river' estuaries.' ' Phytoplankton' growth' responses' are' substantially' lower' in'
Moreton'Bay'than'in'the'river' estuaries,'due'to'a'lower'abundance’' of phytoplankton'in'the’
bay.' ' Throughout' Moreton' Bay' and' the' river' estuaries' nitrogen' is' the' major' nutrient’
limiting'growth.'
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Coral and Rubble Assemblage

Nutrient' enrichment' can' reduce’ coral' calcification' and' fertilization' rates' and' exacerbate’
coral' disease' (Fabricius'2005).'' Macroalgae' abundance' can'also' be' enhanced' (Fabricius'
2005),'which'may'compete'with'coral'in'some'areas.'

Soft Sediment Benthos

Benthic' microalgae' play' an' important' role' in' sediment' nutrient' processes,’ and' are'
hypothesised' to' be' highly' efficient' at' denitrification' and' the' absorption' of' nutrients’
(Dennison'et'al."1998)."

However,' turbidity' limits' benthic' microalgae' productivity' —' for' example,' in' the' turbid'
reaches' of' the' Brisbane' River,' benthic' microalgae' concentrations' are' 0' - 20'mg/m2,'
compared' to' concentrations' of around' 50'mg/m2' at' some' sites' in' Moreton' Bay,' where'
there' is' low' turbidity' and' growth' is' not' nutrientimited' (e.g.' southern' Pumicestone'
Passage)'(Dennison'&'Abal'1999)."

Increases' in' sediment' organic' and' nutrient' loads' often' lead' to' a' reduction' in' community’
diversity' and' species'richness,' which'is' associated' with' a' shift'in' community' composition'
and'trophic' group' structure' (Pearson' &' Rosenberg' 1978XTsutsumi' 1990XMeksumpun' &'
Meksumpun'1999XRossi'2003).'

Population' densities' of opportunistic' deposit' feeders' characteristically' increase' in' areas’
impacted' by' organic' enrichment' and' macroKnvertebrate' communities' typically' become'
dominated' by' polychaetes' (Pearson' & Rosenberg' 1978XTsutsumi' 1990XMeksumpun' &'
Meksumpun'1999)."' These'worms' are' characterised' by' their' ability' to' respond' rapidly’ to'
environmental' change' and' are' widely' recognised' as' useful' indicators' of' environmental'
health' (Pearson' &' Rosenberg' 1978 XANZECC' & ARMCANZ' 2000)."' ' In' particular' the'
polychaete' families' Capitellidae' and' Spionidae'have'been'identified' as'indicators'that' are'
sensitive' to' organic' enrichment' (Tsutsumi' 1990XANZECC' & ARMCANZ' 2000)."' The'
densities' of' capitellid' polychaetes' in' environments' with' high' nutrient' and' organic' loads'
typically' exceed' 1000' individuals' per' m? (Tsutsumi' 1990XHutchings' et al.' 1993).' Such'
densities'are' generally'indicative' of' organic' enrichment'and'are' used'as'the'trigger' levels'
forANZECC'&'ARMCANZ'guidelines.’

Many' benthic' macroKnvertebrate' species' are' metal' sensitive' and' increased'
concentrations' have' been' shown' to' affect' benthic' invertebrates' at' the' population' and'
community'level' (Morrisey'et'al.' 1996 XWard' &' Hutchings' 1996 XReish' &' Gerlinger' 1997)."
Increases' in' the' concentration' of' trace' metals' in' estuarine' sediments' remove' metal'
sensitive' species' and' facilitates' the' explosion' of' polychaete' populations,' which' can'
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selectively' exploit' metal' contaminated' conditions' (Ward' &' Hutchings' 1996).'' Changes'in'
community'structure'are'usually' accompanied'by'a'reduction’in'the'richness'and' diversity'
of'benthic'macroKnvertebrate' communities.’

Nutrient'enrichment'increases'the' cycling' of' sulphur' through'the' sediment.' Under' normal’
aerobic' conditions," hydrogen' sulphide' (H,S)"' and' sulphuric' acid' (H,SO,)' produced' during'
sulphate' (SO,)' reduction' rapidly' convert' back' to' SO, and' have' little' impact' on'
macroinvertebrate' communities' (Edgar' 2001)."" Similarly,' H,S' is' not' usually' a' problem'in’
most' anaerobic' sediments,' because' it' is' quickly' bound' to' Fe' to' form' pyrite' and' iron'
monoksulphides.''However,'H,S'may'become'a'problem'when'the' Fe'scavenging' capacity’
of' the' sediments' is' exceeded,' that' is," where' there' are' very' high' organic' loadings.' In'
heavily' organically' enriched' environments' with' low' dissolved' oxygen,' H,S' and' H,SO,'
concentrations' can' increase' dramatically' (Coleman' &' Cook' 2003)," and' allow' these'
poisonous' compounds' to' build' up' in' the' sediment,' and' potentially' negatively' impact'
macroKnvertebrate' communities' (Coleman'&'Cook'2003).'

Marine Fauna

Nutrient' enrichment' can' result' in' localised' eutrophication' and' depletion’ of oxygen'in' the'
water'column.'Many'species'of' fish'become'stressed'when'DO'concentrations'drop'below!
4'mg/L," and' levels' of' <'2'mg/L' are' fatal' to' most' species.'' Similarly,' invertebrates' of' the'
bed'and'bank'are'impacted'by'low'DO'concentrations.’

Conditions'of'low'DO,'high'H,S'and'low'redox' potentials'usually' occur'simultaneously'and’
their' impacts' on' macroinvertebrate' populations' are' difficult' to' separate'in' their' effect' on'
community' structure' (Wu'2002)."' Under' these' conditions'there' is' often' a' reduction'in'the'
richness' and' diversity' of macroinvertebrate' communities,' which' is' associated' with' a'
trophic'shift'toward'deposit'fe eding'taxa’' (Wu'2002XColeman'&'Cook'2003)."

Release'of'Contaminants"”

The' absorption' of heavy' metals' from' solution' occurs' in' plants' and' animals' by' passive'
diffusion' across' gradients' created' by' adsorption' at' the' surface,' and' by' binding' by'
constituents' of' the' surface' cells,’ body' fluids,' etc.'' An' alternative' pathway' for' animals' is'
when'metals'are'adsorbed' onto' or'are' present'in'food,'and' by' the' collection' of particulate'
or' colloidal' metal' by' food' gathering' mechanisms." Depending' upon' the' types' and'
concentrations' of' heavy' metals' release,' impacts' could' range' from' the' reduction' of'
reproductive' capacity' of' some' species' to' the' mortality' of' aquatic' flora' and' fauna.' The'
effect’ of' chronic' heavy' metal' pollution'is' still' largely' unresolved,' and' effects' depend' on'
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the'interrelationships'of' many' physical'and' chemical'factors.'' Threshold' concentrations' of’
toxicants' to' ensure' the' protection' of' aquatic' ecosystems' have' been' developed' by' the'
Australian' and' New' Zealand' Environment' and' Conservation' Council' (ANZECC' &'
ARMCANZ' 2000)." ' With' the' implementation' of' an' appropriate’ Environmental'
Management' Plan,’ there' are' unlikely' to' be' any' significant' impacts' from' the' release’' of'
contaminants.'

Disturbance'of"Acid'Sulfate'Soils"

Sediments' from' Toondah' Harbour' ' have' potential' acidity' (frc' environmental' 2010)."
Disturbance'of' intertidal' and' marine' sediments' may' expose' acid' sulfate’ soils' to' oxidising'
(acidifying)' conditions."' ' Acid' sulfate' materials' are' formed' when' pyrite' in' sediments' is'
exposed' to' oxidation.'' Pyrite' (FeS,)' is' unstable' in' the' presence' of' specialised' bacteria'
and'atmospheric'oxygen,'decomposing'to'the'form'ferrous'iron'and'sulfuric'acid.'

The'effects' of acidification' can'be’ chronic'or'acute.'' The' effects' of chronic'acidification'on'
Australian' estuarine' biota,' including' fishes,' is' poorly' understoodX however,' sudden'
acidification' has' been' responsible’ for' fishKills,' disease' and' other' disturbances' (Sammut'
et'al.' 1993)." Chronic' lowHKevel' acidity' may' reduce' vigour' and' predispose' marine' biota' to'
other' diseases.' ' Historical' fluctuations' in' commercial' finfish' and' prawn' catches' may' be'
partially'attributable'to' periods'of'increased'acidity'in'estuarine' waters' (Leadbitter' 1993)."

Other'environmental' effects' of oxidation' of pyrite'include:'the' dissolution' of clay' minerals'
and'the'release’of' soluble'aluminium,'which'is'highly'toxic'to' gilled'animals' (including'fish,'
molluscs' and' crustaceans)' and' aquatic' plantsXthe' release’' of' soluble' iron,' also' toxic' to'
aquatic' life' in' high' concentrationX and' the' oxidation' of' ferrous' iron' causing' large'
decreases'in'dissolved'oxygen.'

With' the' implementation' of an' appropriate' Environmental' Management' Plan,’ there' are'
unlikely'to'be'any'significant'impacts'from'acid'sulfate'sediments.’

4.5"  Spills"d'Hydrocarbons"andOther'Contaminants™

Hydrocarbon' spills' from' machinery' during' construction' activities' can' negatively' affect’
aquatic' flora' and' fauna.'' It' is' possible' that' hydrocarbon' spills' could' occur' during' the'
transportation' of' fuel' or' during' equipment’ refuelling' in' the' construction' phase' of' the'
project." Concentrations'of' dissolved' oil'fractions'below'0.01'ppm'have'not'been'shown'to’
have' adverse' effects' on' any' aquatic' organism' either' in' the' short' or' long' term,' at' any'
stage' of' development' or' at' a' cellular' or' subKellular' level.' ' Between' 0.01'ppm' and'
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0.1'ppm,' some' adult' animals' show' subHKethal' behaviour' and' physiological' disturbance,'
while' developmental' stages' may' show' retarded' growth' or' increased' abnormalities.'' In'
general,'the' developmental' stages' of' a' species' are' far' more' susceptible'than'are' adults,’'
frequently'by'one'or'two'orders'of'magnitude’ (Brown'1985)."

Whilst' acute' (or' at' least' a' one' off)' contamination' may' result' in' severe' ecological'
consequences,' recovery'is' in' most' cases' inevitable.'' In' contrast,’ chronic' contamination’
can' result' in' the' permanent’ (or' at' least' for' the' duration' of' contamination)' morbidity' or'
localised'extinction' of flora'and'fauna.'' Chronic' small' spills,' though' probably'influencing'a’
lesser' area,’ effectively' prevent' recovery' and' lead'to' cumulative'impacts.'' Frequent' spills'
from'diffuse'locations'within'a'waterway'can'result'in'an’'enduring'impact' over'a'very'wide'
area."

Chronic' hydrocarbon' pollution' can' result' from' the' synergistic' effects’ of' small,' frequent’
spills,'these'small'scale'spills'are'frequently' associated' with'the'refuelling' of smaller' crafts'
at'marinas,' other' purpose' built' and' ad' hoc' refuelling' facilities' and' boat' ramps' (GBRMPA!
1998XCullen' Grummitt' & Roe' Pty' Ltd' 2000).'' Marinas' that' support' considerable' activity,'
including' pleasure' boat' marinas,' boat' repair' facilities' and' commercial' fishing' operations'
have'significantly' higher'levels' of both'aromatic'and'aliphatic' hydrocarbons'than'estuaries'
seldom' used' by' boats' (Voudrias' &' Smith' 1986)." ' The' smallkscale' spills' commonly'
associated'with' smalllscale'refuelling' operations'are'rarely' reported' or' treated:' the' petrol,'
diesel'or'oils'are'left'to'disperse’'under' natural' conditions.'

Floral' communities' and' sessile' faunal' communities' are' most' at' risk' from' chronic'
hydrocarbon' pollution.'' As' these' communities' often’ form' a' critical' component' of' habitat'
(providing' structural' complexity,’ shelter' and' often' food),' a' permanent' impact' to' these'
communities' may' have'a' consequentially' widespread' impact' on' the' mobile' components'
of'the'faunal' community'including'fishes'and'crustaceans.'' Both'petroleum'and'petroleum’
byKroducts' are' harmful' to' mangroves' (Odum' &' Johannes' 1975)' causing' mechanical’
damage' by' blocking' the' pores' in' the' pneumatophores' and' effecting' respiration,'
photosynthesis'and'translocation' (Mackey' & Smail' 1995).'' Hydrocarbons'are' also' known'
to' cause' reproductive' disorders,' immune' deficiencies,' tumours' and' cyst' development' in'
marine'mammals'and'reptiles,'especially' when'they'are'stressed' (Schaffelke'et'al.'2001).

Low' levels' of petroleum' hydrocarbons' in' the' aquatic' environment' are' adsorbed' onto,' or'
incorporated' into,' the' sediments,’' where' they' may' persist' for' years' (Voudrias' & Smith'
1986 X Pelletier' et' al." 1991)." ' A' large' number' of' smallkscale' oil' spills' may' lead' to' a'
significant' increase' in' hydrocarbons' over'time,' in' effect' resulting'in' a' permanent' impact."
Mangrove' sediments' in' particular' may' serve' as' longKerm' reservoirs' for' chronic'
contamination'holding'hydrocarbons'for'periods'in'excess'of'5'years' (Burns'et'al.' 1994).'
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Where' fuel' storage' and' handling' activities' are' undertaken' in' accordance' with' AS1940"
(Storage' and' Handling' of' Flammable' and' Combustible' Liquids' —' encompassing' spill'
containment'and'response’protocols),'the'risk' of' impacts'to'aquatic'flora'and'fauna'due'to’
chronic'and'acute'fuel'spills'is' considered' minor."'

4.6" Increased'Stormwater'Runoff™

Contaminants' and' nutrients' may' enter' the' aquatic' environment' from' stormwater' runkoff'
from' the' proposed' development' site." The' release' of' toxicants' to' the' marina' and'
surrounding' waters' will' be' minimised' by' treating' stormwater' (with' water' sensitive' urban'
design' techniques)' to' comply' with' local' water' quality' criteria' (Hyder' 2010)."' Further,' the'
sediment' and' erosion' control' plan' is' developed' to' minimise' the' release’ of' sedimentK
bound'nutrients'and'toxicants'to'the'water." A'storm'water'management'plan'is'developed’
that' complies' with' the' most' recent' version' of' the' Urban( Stormwater( Quality( Planning(
Guidelines' (DERM' 2010b)." With' these' in' place,'it'is' unlikely' that' suspended' sediments'
and' toxins' become'’ critically' elevated' in' the' waters' of,' and' adjoining,' the' marina' due' to'
storm'water'runoff,'and'are'therefore'unlikely'to'cause'an'adverse'e cological'impact."

4.7"  Altered'Hydrodynamics"

Changes' in' water' velocity' around' the' proposed' development' may' alter' (increase' or'
decrease)'the' suitability’ of habitat' for' marine' plants' as' well' as' change'the' composition' of'
benthic' macroinvertebrates.' ' Marine' plants' may' be' influenced' by' changes' in' velocity'
resulting'in'removal’ of sediment,' changes'in'sediment' composition'and' chemistry,'as'well'
as' changes'in' turbidity’ levels.'' Benthic' macroinvertebrate' communities' are' also' likely' to'
change'with'any'changes'to'water'velocity:'in'low'flow'environments' predators'exert' more'
influence' on' benthic' community' structure' than'in' high' flow' environments' (Leonard' et' al.’
1998)."'' Any' changes'to' sediment' grain' size' would' also' alter' the' composition' of' benthic'
macroinvertebrate'communities.'

Reduced'velocities' may'result'in'an'accumulation’ of' fine' sediment' and' may' also'result'in’
changes' to' sediment' chemistry' and' water' turbidity.' ' Marine' plants' are' unlikely' to' be'
negatively' impacted' by' reduced' flows' and' may' even' show' a' positive' response.'' The'
composition'of' benthic'macroinvertebrates'is'likely'to' change'due'to'lower' water' velocities'
in'this'area.'
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4.8" Increased'Human'Activity"

Increased' human' activity' during' construction,' including' changes' in' underwater' noise'
levels,'may'affect'the'behaviour'of' fauna,' particularly' marine'mammals'

Underwater' noise' and' other' loud' sounds' may' affect' marine' mammals' by' interfering' with'
their'use'of' sounds'in'communication,'especially'in'relation'to' navigation'and'reproduction’
(Weilgard'2007XWright' &'Burgin'2007).''Marine'mammals' cease'feeding,'resting' or'social'
interaction' at' the' onset' of' acoustic' disturbance' and' to' initiate' alertness' or' avoidance'
behaviours' (Richardson' et' al.' 1995)." ' Marine' mammals' in' the' vicinity' of frequent,' high'
intensity' noise' are' likely' to' be' highly' stressed' or' even' physically' harmed' and'
consequently,’ are' likely' to' stay' well' away' from' continuously' operating' acoustic'
disturbance' (Smith' 1997)."' ' Therefore,' any' IndoKacific' humpback' dolphins,' bottlenose'
dolphins'or' dugongs'in'the'vicinity' of' the' proposed' development' may' vacate' the' area' on'
commencement' of' the' proposed' inKvater' works' such' as' wet' excavation.''Noise' from'onK
land' works' is' unlikely' to' disturb' marine' mammals.'' Any' avoidance' behaviour' is' likely' to'
cease'following'completion'of'the'work'

Turtles' have'relatively' poor' hearing' and' are' far' less' likely' to' be' impacted' by' underwater
acoustic' disturbance."' In' the' unlikely' event' that' inKand' underwater' construction' does'
audibly' disturb' turtles,’ they' may' temporarily' leave' the' area.' ' Similarly,' underwater'
construction' noise' may' disturb' some' local' fish," which' may' vacate' the' area' for' a' short'
time.'

The' risk' of impacts' to' marine' fauna' as' a' result' of' noise' will' be' reduced' further' by’
preparing'a' Fauna'Management'Plan.'' Measures'to' minimise' potential'impacts'to' marine'
fauna'may'include:'

" where'dredging'or' pile'driving' activities'are' occurring,' every' morning'before' works'
begin,'or'after'works'have'ceased'for'more'than'two'hours'and' prior'to'it'beginning'
again,' appropriately' trained' Marine' Fauna' Observers' (MFOs)' inspect' the' area’
around'all'pile'driving'activities'for' 30'minutes''

I' all'vessel' crew' maintaining' a' look' out' for' marine' mammals' and' turtles' during' all’
operations'

I' if' prior' to' works,' a' marine' mammal’ or' turtle' is' identified' within' 150" metres,' then'
pile'driving'does'not'commence'until'the'animal'has'passed'

I' if'after'works'have'commenced' (including'a'soft' start'phase),'a' marine' mammal' or'
sea'turtle'is' observed' within' 100'm' of' the' noise' emitting' source,' then' pile' driving'
ceases'until'the'animal'has'passed'
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' if @' marine' mammal' or' turtle' are' sighted' in' the' preKlefined' observation' and'
exclusion' zones,' project' vessels' operating' in' the' area' are' notified' and' piling'
ceases'until'the'animal'has'passed

' have' a' ‘softkstart” for' all' pile' driving,' slowly' increasing' intensity' of' the' driving'
hammer'power

I' site'inductions'for' all' vessel' crew' covering' procedures' to' minimise' disturbance'to'
marine'fauna’

I' training'of'all'vessel'crew'in'the'identification'of'marine’'mammals'and'turtles’

I" routine' maintenance' and' inspection' of' all' noiseKyenerating' equipment' (including'
vessel' engines,' drill' and' piling' equipment)' to' reduce' unnecessary' increases' in'
noise'levels'from'the'equipment

" where' practical,' engines,’ thrusters' and' auxiliary' plant' are' no' left' on' standby' or'
running'mode"’

' adherence'to'speed'limits'of' all'vessels'involved'in'construction'
' movement'restrictions'including:'

' if'a'vessel'in'transit'approaches'a'marine'mammal’ or'turtle' (or' vice' versa),' the'
vessel' will' take' all' care' to' avoid' collisions,' including' stopping,' slowing' down,’
and/'or'steering'away"’

—' vessels' will' not' intercept' the' path' of travel,' either' behind' or' ahead' of' the'
animal,'or'approach'head'on,'and'will' not' pursue'marine'mammals'or'turtles'

—' vessels'will'keep'clear'of'the'no'approach'zone’ (Figure'4.1)'
—' vessels'will'have'a'maximum'speed'of' 5'knots'in'the'caution'zone' (Figure'4.1)'

—' vessels'will' not' change' speed' or' course' suddenly'in' the' caution' zone' (Figure'
4.1y

—' vessels'will'not' enter' the' caution'zone'if' animals' are' stranded,' entangled' or'in’
distress,'and'

' vessels'will'avoid'separation'of' adult'and'young'marine'mammals.’

It'" is' also' recommended' that' daily' logbooks' are' kept' of' all' marine' mammal' and' turtle’
sightings'and'interactions,'and'any'management'actions'taken'to'avoid'damage'to'them.""’
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Figure'4.1'  Caution'and'no'approach'zones'for'dolphins'and'turtles'(DEH'2005a).'

Any' distressed' or' damaged' marine' mammals' or' turtles' should' be' reported' to' RSPCA'
QLD' on' 1300' 284625 (the' designated' call' centre' for' Queensland' National' Parks' and'
Wildlife'Service'for'marine'mammal’and'turtles'strandings).’

4.9" Increased'Boat"Activity'and"Access"

Antifouling' paints' used' on' the' exterior' of' boats' often' contain' heavy' metals,' particularly'
copper,' that' can' build' up' in' marine' organisms.' ' In' southkeast' Queensland," many'
anchorages' have' exceeded' the' ANZECC/ARMCANZ' trigger' values' for' copper,’ with'
copper'concentrations'in'the'water' column'correlated' with'vessel'numbers' (Warnken'et'al '
2004)." ' The' proposed' development' may' increase' the' concentration' of heavy' metals,’
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particularly' copper'in'the' water."' This'risk' is' reduced' where' International' and' Australian’
standards'relating'to'antifouling' paints'are'followed' (National' Heritage' Trust'2007).'

Increased' boat' traffic' may' increase' the' chance' of' collisions' between' boats' and' marine'
vertebrates,' particularly' turtles,” both' in' the' immediate' vicinity' of the' proposed'
development'and'in'the'broader'environs'of'the'Marine'Park."""

Boat' strikes' are' responsible’ for' the' largest' proportion' of' all' humanKelated' turtle’
strandings' or' mortalities' (Greenland' et'al.' 2004).'' In' general,' the' shallower' the' area' and'
the' larger' the' boat,’ the' greater' the' risk' of' a' boat' strike' to' turtles.'' Turtles' feed' on' the'
intertidal' flats' at' high' and' mid' tides,' and' drop' into' deeper’ waters' (which' can'include’ the'
waters' of navigation' channels)' at' low' tide,' where' they' can' be' struck' by' passing' traffic."
This'habit' of moving'into' navigation' channels'increases'the'risk' of boat' strike."' Exclusion'
devices' for' marine' megafauna' (e.g.' dolphins,' turtles' and' dugongs)' are' used' in'
Queensland'to'reduce'the'risk'of'being'caught'in'dredges' (McCook'et'al.'2015)."

Dolphins'are'likely'to' be'able'to' avoid' approaching' boatsXhowever,' at' least' nine' dolphins'
were' killed' in' Queensland' by' boat' strike' in' a' period' of' 8' years' (Greenland' &' Limpus'
2007b).' ' Dugong' will' also' avoid' approaching' boatsX'however,' they' are' slower' than'
dolphins' and' more' vulnerable' to' vessel' strike.' ' Since' dugongs' were' included' in' the'
Marine' Wildlife' Stranding' and' Mortality' Database' in' 1996,' between' 2' and' 7' individuals'
have' died' each' year' due' to' boat' strike' (Greenland' & Limpus' 2007a).'' The' majority' of'
these' boat' strikes' occurred'in' Moreton' Bay' due' to' the' high' amount' of boat' traffic.'' The'
vulnerability' of' dugongs' (with' slow' breeding' rates' and' slow' maturity)' means' that' any'
dugong'deaths'may'contribute'to'a’ population'decline."

Go' slow' areas' in' Moreton' Bay' Marine' Park' limit' speed' in' areas' that' are' recognised' as'
particularly' significant' for' dugongs' and' turtles." 'Exclusion’ devices' for' marine' megafauna’
(e.g.'dolphins,' turtles' and' dugongs)' are' used' in' Queensland' to' reduce' the'risk' of' being'
caught'in'dredges’' (McCook'et'al.'2015)." The'Nature' Conservation' (Wildlife' Management)'
Regulation' 2006' also' outlines' measures' to' protect' marine' mammals' including' marine'
mammal'approach'distances'for'vessels'and‘aircraft.'

410" Spread'of'Weeds"andPests"

Marine'pest' species'can'be'introduced'via' ballast' water' and' hull' fouling.' While' this'risk' is'
predominantly' from' vessels' that' have' been'in'international' waters,' there'is' also' a' risk' of'
boats' spreading' pests' established' in' other' ports.' The' introduction' and' spread' of marine'
pest' species' can' be' minimised' by' following' protocols' of' the' National' System' for' the'
Prevention' and' Management' of' Marine' Pest' Incursions,' which' aims' to' prevent' new'
marine'pests'from'arriving'in' Australia,' and' minimize'the'spread' of' pests'within' Australian’
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waters.' To' reduce' the' risk' of' inadvertently' spreading' marine' biofouling' pests,' vessel'
operators' need' to' minimise' the' amount' of' biofouling' on' their' vessels' (Australian'
Government'2010).'

Increased'usage' of' the'shoreline'may'lead'to'an'increase'in' weed' cover'in'mangrove'and'
saltmarshes.' This'may'be'a'result' of' dumping' of garden'refuse,' by' seeds'and' propagules'
being'inadvertently' spread' along' access' tracks' and' paths' by' vehicles' or' on' foot,' and' by’
the' air' and' water' borne' spread’ of' seeds' and' propagules' from' gardens' and' landscaped'
areas.'

A'weed' management' plan,' and' a' strategy' for' the' maintenance' of' native' plant' areas' on'
the'proposed'site'would'reduce'this'risk'of'introduced'plant'pests.’

411" Increased'Litter”

Seven'turtles' in' Moreton' Bay' were' found' to' have' ingested' synthetic' materials' in' 2001,
and'nine'turtles'in'2002' (Greenland'et'al.'2004)."' Of'these,' most'had'ingested'fishing'line,’
and' only' two' animals' were' released' alive' (Greenland' et' al.' 2004).'' In' 2001' and' 2002,
entanglement'in' fishing' ropes' /' lines,' bags' and' ghost' nets' accounted' for' 21K35%' of' the'
annual'humanKnduced'turtle'stranding'or'deaths' (Greenland'et'al.'2004).'

Dugongs' have' also' been' stranded' /' killed' by' ingesting' fishing' line' or' hooks' (e.g.' 2'
individuals'in'Moreton'Bay'in'2003),' or' becoming'entangled'in'ropes,'fishing'line'and' crab’
pots'etc.'(0R'individual'each'year)' (Greenland'&'Limpus'2005).""

A' waste' management' plan' will' reduce' impacts' from' increased' litter.' Measures' may'
include:'

I' complete'removal'from'site'of all'construction'waste

' waste'storage'facilities' secured'to' avoid' removal' of waste' either' unintentionally' or'
through'vandalism’

' reduction' of' waste' at' the' source,' reuse' and' recycling' as' well' as' recovery' of'
materials'or'conversion'of'waste'into'useable'materials'

I' educational'signage,' explicitly' stating'the'risk'to' wildlife' of' disposing' rubbish'in' the'
water'
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412" Improve'Water'Quality"

Water' quality' in' Fison' Channel' is' currently' impacted' by' the' disturbance' and' reK
suspension' of' sediment' from' boats,' particularly' to' large' vehicle' and' passenger’ ferries."
Plumes'of' turbid' water' are' created' from'the' movement' of' these' boats,' particularly' at' low'
tide' when' water' is' relatively' shallow' in' the' channel.'' While' dredging' the' channel’ will'
create' shorterm' sediment’ plumes' (refer' to' potential' impacts' in' Section' 4.4)," following'
dredging'there'is'likely'to' be'a'long' term'improvement'in' water' quality' as' the' water' level'
will'be'deeper'and'thus'turbid’ plumes'from'boating'will'be'reduced.’
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5" Risk"Assessment”

A'risk' assessment' of potential'impacts' has' been' undertaken' (Table'5.1),'and'a' summary'
of potential' and' residual’ risk' is' presented' in' Table'5.2.'' ‘Best' practice™ assessment' and'
practices'will'be'employed'to' minimise'the'impacts' associated' with' both' construction'and’
operation' of' the'proposed' Project.'' Table'5.2' provides'a' summary' of' mitigation' measures'
and'the'associated'residual'risk."

Table'5.1" Risk'assessment' matrix.'
" Consequence"
Probability’ Catastrophic' Maijor' Moderate' Minor' Insignificant'
Irreversible' Long'Term' Medium'Term'  Short'Term' Manageable'
Permanent" (4) (3)' Manageable' (1)
(5) 2)
Almost'Certain' | (25)'Extreme’  (20)'Extreme" (15)'High' (10)'Medium'  (5)'Medium'
®)
Likely' (20)'Extreme’ (16)'High' (10)'Medium' (8)'Medium' (4)' Low!'
(4)
Possible' (15)'High' (12)'High' (9)'Medium' (6)'Medium' (3)'Low'
Q)
Unlikely' (10)'Medium' (8)'Medium' (6)'Medium' (4)'Low' (2)'Low'
2)
Rare' (5)'Medium' (4)'Low' (3)'Low' (2)'Low' (1)'Low'
(1)
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soils'being'disturbed’

Use'temporary'enclosures' (complete'enclosures'such'as'sheet’
piles'or'alternate'enclosures'such'as'silt' curtains)'to'
reduce'the'intensity' and'spatial'distribution' of potential'
impacts'

Isolate'the'disturbance'areas,'for'example'by'using'sheet’
piles,'silt'curtains,'oil'spill'booms,'bunding,'trenching'and'/'
or'similar'technologies’

Identify'and'manage’acid's ulfate'soils'and'other'contaminants,’
through'a'sediment'sampling'and'analyses'plan’'(SAP)'

Developing'turbidity'and'suspended'solids'thresholds'and’
appropriate'management'(e.g.'triggers'for' ceasing'works)'

Sediment'quality’(3)' Low'
Saltmarsh'and'Mangroves'(3)'Low"
Seagrass'and'macroalgae’(15)'High'
Coral'and'rocky' communities'(15)'High'
Soft'sediment'communities’(10)' Medium'
Mobile'biota' (3)'Low’

Listed'species'(3)'Low'

Table'5.2' Preliminary'analyses'of' potential'impacts.'
5
= K Significance'of'Residual’(Mitigated’
- ‘é _5 Potential'Impact’ Extent'of Impacts’ Potential'Mitigation'Measure’ Significance'of Impact’'(Unmitigated)’ ImQ:)act)' (Mitig
> @ B
8 5 28
o O O
' ' 1 Direct'impacts'to'marine'plants,'and'soft’  LongRerm,'predictable'and'irreversible’ Limiting'the'area'of disturbance'(project'footprint)' where' Water'quality'(1)'Low' Water'quality'(1)'Low'
. . H ] ' h lf O} . '
sediment'under'the'footprint possible Sediment'quality'(1)'Low' Sediment'quality'(1)'Low'
Using'the'project'footprint'for'any'temporary'construction’and’  saltmarsh'and'Mangroves'(15)'High"' Saltmarsh'and'Mangroves'(15)'High"'
storage Seagrass'and'macroalgae’(15)'High' Seagrass'and'macroalgae’(15)'High'
' Coral'and'rocky' communities'(12)'High' Coral'and'rocky' communities'(12)'High'
Soft'sediment'communities’(15)'High' Soft'sediment'communities’(15)'High'
Mobile'biota' (2)'Low' Mobile'biota' (2)'Low'
Listed'species'(2)'Low' Listed'species'(2)'Low'
' ' 1 Direct'gain’'of'habitat’ LongRerm,'predictable'and'irreversible’  Design'fishAriendly'structures' Not'applicable'-'beneficial' potential'impact’ Not'applicable'-'beneficial' potential'
e ©o impact'
Build'artificial' structure'that' provide'valuable'habitat'for' fish' P
' v 1 Trapping'or'injuring'of marine'fauna' ShortRerm,'predictable’and'reversible’  Install'the’sheet’piles,'silt'curtains'or'other'temporary'barriers’  water' quality' (1)’ Low' Water'quality' (1) Low'
e o during'wet'excavation' at'low'tide'to'minimise'the'number'of'marine'vertebrates' . , A , . , N ,
e , Sediment'quality'(1)'Low Sediment'quality'(1)'Low
caught'in'the'area
Saltmarsh'and'Mangroves'(1)'Low' Saltmarsh'and'Mangroves'(1)'Low'
Capture'fish'within'the'area' confined'by'the'sheet'piles,'silt' 9 (1) 9 (1)
curtains'or' other'temporary'barriers'and' release' outside' Seagrass'and'macroalgae’(1)'Low' Seagrass'and'macroalgae’(1)'Low'
the'area’ Coral'and'rocky' communities'(1)'Low’ Coral'and'rocky' communities'(1)'Low'
Visual'observations'by'a'trained'marine'mammal’and'turtle’ Soft'sediment'communities'(1)' Low" Soft'sediment’communities’ (1)’ Low'
spotte.r prlor'tg f:ommencement of'excavation'and Mobile'biota' (9)' Medium' Mobile'biota' (3)' Low’
dredging'activities'
) . o . Listed'species'(9)'Medium' Listed'species'(4)'Low'
Cessation'of' excavation'or'dredging'if'a'dolphin,'dugong'or'
turtle'is'observed'within'the'area,'until'the'animal'can'be’
removed'from'the'area'being'excavated,'and’
Drive'fauna'away'from'an'area’prior'to'completion'of' the'
installation'of'sheet'piles,'silt'curtains'or'other'te mporary’
barriers'by'mechanical'noise,'such'as'banging'an’'iron’
pipe'underwater"
' y 1 Disturbance'of'sediments'and'soils' ShortRerm,’predict'table’ Design'the'project'to’minimise'the'area’ of' sediment'and'/ or’ Water' quality' (15)' High' Water' quality' (8)' Medium'
e ©o

Sediment'quality’(1)' Low'
Saltmarsh'and'Mangroves'(2)'Low"
Seagrass'and'macroalgae’'(4)'Low’
Coral'and'rocky' communities' (4)'Low'
Soft'sediment'communities’(8)' Medium'
Mobile'biota' (1)'Low’

Listed'species'(1)'Low'
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antifouling'paints'and'contaminants'
Marine'Fauna'Management'Plan,'including' Go'slow'areas’

Follow'the'Nature' Conservation' (Wildlife' Management)'

Sediment'quality'(8)'Medium’
Saltmarsh'and'Mangroves'(1)'Low'

Seagrass'and'macroalgae’(1)'Low’

[=
o
= K Significance'of'Residual’(Mitigated’
- 8 _E Potential'Impact’ Extent'of Impacts’ Potential'Mitigation'Measure’ Significance'of Impact’'(Unmitigated)’ ImQ:)act)' (Mitig
= =)
> @ B
8 5 28
o O O
for'seagrass'and'corals'and'monitoring'water'quality’
during'construction'
Monitoring'changes'in'seagrass'and'coral' communities'postF
construction'to'determine'any'potential'impacts.’
Avoiding'disturbance'of'sediment'and'/' or'soils'during’
important'periods'ofreproduction'for'coral'and'seagrass’
(e.g.'late'spring'and'summer)'and'/'or'during'low'
Coral'translocation'and'replantation' program'’
' ' y Spills'of hydrocarbons'and' other’ ShortRerm,'predictable’and'irreversible’  Minimise'the'use’of' hydrocarbons'and'chemical'where' Water'quality' (15)' High' Water'quality' (4)' Low'
e o o i ' I
contaminants possible Sediment'quality'(10)' Medium' Sediment'quality'(4)'Low'
Bestpractice ves?el and'vehicle'management'and'site Saltmarsh'and'Mangroves'(10)'Medium' Saltmarsh'and'Mangroves'(4)'Low'
management
Seagrass'and'macroalgae’(10)'Medium' Seagrass'and'macroalgae’(4)'Low'
Fuel'storage'and'handling'activities'will'be'in'accordance'with' 9 gae'(10) 9 gae'(4)
AS1940' Coral'and'rocky' communities'(10)'Medium' Coral'and'rocky' communities' (4)'Low'
Spill'kits,'training' of' personnel'and'a'Hazardous' Materials' Soft'sediment'communities'(10)' Medium' Soft'sediment' communities' (4)'Low'
Register,'a'register' of' Materials' Safety' Data' Sheets'" Mobile'biota' (10)'Medium' Mobile'biota'(4)'Low'
Any'fuel,' oil'or' chemical'spills'are' contained'and' cleaned' up' Listed'species'(10)'Medium' Listed'species'(4)'Low'
immediately’
Spil'Management'Plan' (EMP)'
' ' 1 Increased'stormwater'runoff’ LongRerm,'predictable’and'irreversible’  Sediment'and’'Erosion'Management'Plan'(EMP)' Water'quality' (15)' High' Water'quality' (4)' Low'
e ©o ' ' '
Stormwater'Management'Plan Sediment'quality' (3)' Low' Sediment'quality' (1)'Low'
Saltmarsh'and'Mangroves'(3)'Low" Saltmarsh'and'Mangroves'(2)'Low"
Seagrass'and'macroalgae’(15)'High' Seagrass'and'macroalgae’(4)'Low'
Coral'and'rocky' communities'(15)'High' Coral'and'rocky' communities' (4)'Low'
Soft'sediment'communities’(10)' Medium' Soft'sediment'communities’(4)' Low'
Mobile'biota' (3)'Low’ Mobile'biota'(1)'Low’
Listed'species'(3)'Low' Listed'species'(1)'Low'
' ' 1 Altered'hydrodynamics' longRerm,'predictable'and'irreversible’ Design'project'to'minimise'changes'to'hydrodynamics' Water'quality'(4)'Low' Water'quality'(3)'Low'
o [
Sediment'quality'(1)'Low' Sediment'quality'(1)'Low'
Saltmarsh'and'Mangroves'(1)'Low' Saltmarsh'and'Mangroves'(1)'Low'
Seagrass'and'macroalgae’(4)'Low' Seagrass'and'macroalgae’(3)'Low’
Coral'and'rocky' communities' (4)'Low' Coral'and'rocky' communities'(3)'Low'
Soft'sediment'communities’ (4)'Low' Soft'sediment'communities’(3)'Low'
Mobile'biota'(1)'Low' Mobile'biota' (1)'Low’
Listed'species'(1)'Low’ Listed'species'(1)'Low'
' ' 1 Increased'boat'activity'and'access’ long'term,'predictable,'reversible’ Follow'international'and' Australian'standards'relating'to’ Water'quality'(8)' Medium' Water'quality'(3)'Low'
e ©o

Sediment'quality’(3)'Low'
Saltmarsh'and'Mangroves'(1)'Low'

Seagrass'and'macroalgae’(1)'Low’
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c
o
. § E Potential'Impact’ Extent'of Impacts’ Potential'Mitigation'Measure’ Significance'of Impact’'(Unmitigated)’ Significlance'of'ResiduaI'(Mitigated'
.E’ ‘E § Impact)
g § &
Regulation’2006 Coral'and'rocky' communities' (4)'Low' Coral'and'rocky' communities'(1)'Low'
' Soft'sediment' communities’(1)' Low' Soft'sediment'communities’(1)' Low'
Mobile'biota' (3)'Low’ Mobile'biota' (1)'Low’
Listed'species'(8)'Medium' Listed'species'(3)'Low'
' ' v Spread'of'pest'species' long'term,'predictable, reversible’ Weed'Management'Plan’ Water'quality' (1) Low' Water'quality' (1) Low'
¢ o o Sediment'quality’(1)' Low' Sediment'quality’(1)' Low'
Saltmarsh'and'Mangroves'(8)'Medium' Saltmarsh'and'Mangroves'(3)'Low'
Seagrass'and'macroalgae’(8)'Medium' Seagrass'and'macroalgae’(3)'Low’
Coral'and'rocky' communities'(8)'Medium' Coral'and'rocky' communities'(3)'Low'
Soft'sediment'communities’(8)' Medium' Soft'sediment'communities’(3)'Low'
Mobile'biota' (3)'Low’ Mobile'biota' (3)'Low’
Listed'species'(3)'Low' Listed'species'(3)'Low'
Litter'and'waste' long'term,'predictable,'reversible’ Waste'Management'Plan" Water'quality'(8)' Medium' Water'quality'(3)'Low'
¢ @ ‘ Minimise'litter'and' waste,'where'possible’ Sediment'quality'(8)'Medium' Sediment'quality'(3)'Low'
Saltmarsh'and'Mangroves'(3)'Low" Saltmarsh'and'Mangroves'(3)'Low'
Seagrass'and'macroalgae’(3)'Low’ Seagrass'and'macroalgae’(3)'Low’
Coral'and'rocky' communities'(3)'Low' Coral'and'rocky' communities'(3)'Low'
Soft'sediment'communities’(3)'Low' Soft'sediment'communities’(3)'Low'
Mobile'biota'(8)' Medium' Mobile'biota' (3)'Low'
Listed'species'(8)'Medium' Listed'species'(3)'Low’
.| ' .| Improve'water'quality'in'and'adjacent'to’  longRerm,'predicable’ Design'channel'to' minimise'turbid'plumes' Not'applicable'-'beneficial' potential'impact’ Not'applicable'-'beneficial' potential'
Fison'Channel'

impact'
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Appendix"A" Survey'and'Laboratory'Methods™

A1" Survey'of'Habitat"

Surveys!oflhabitat!land!associated!floraland!fauna!were!conducted!from!5!to!6!November!
2014.!'Habitats!were!assessed!visually!and! differences!in! habitats! were!marked! using! a!
handheld! GPS.!! The! GPS!waypoints! were! also! compared! to! recent! aeriallimagery! and!
then! mapped.!! The! entire! PDA,!including! a! small! areas! outside! of! the! PDA! boundary,!
werelsurveyed.!

A2" Description'of'Marine'Plant'Communities”

Marine!plant!communities!were!classified!according!to!the!dominant!species!present!and!
thelrelevant!understoreylorlsubNlominant!species!present.!

A3" Condition"of'Marine'Plant'Communities"”

The!marine!plant!communities! were!also! qualitatively!assessed!for! their!relative! value!to!
aquatic!ecology'and!fisheries.!!Thelabundance!of! crabs!or!crab!burrows!was!used!as!an!
indicator! of! the! ability! of! the! site! to! support! marine! fauna.!! The! availability! of! physical!
habitat!for!fauna,!thelamount! ofthuman!or! cattle! disturbance,! the! ponding! of! water,! and!
the!relative! proximity! ofl each! point! to! permanent! water! at! low! tide! (to! assess! the! likely!
frequency! of! tidal! inundation)! were! also! assessed.! | Categories! used! to! describe! the!
habitat!value!of!marine!plants!to!aquatic!ecology!and!fisheries!are!described!in! Table! A1!
and!Table!A2.!

Toondah!Harbour:!Marine!Ecology!EPBC!Referral! A1l



environmental

Table!A1! Categories!used!to!qualitatively!assess!the!value!oflmarine!plants!excluding!

seagrass!and!macroalgae!tolaquaticlecology!and!fisheries.!!

Value" Criteria"

Excellent!! Highlabundance!of!faunal/lcrab!burrows!present,!very!complex!structural!
habitat!for!fauna,!likely!to!be!regularlylinundated!

Very!Good!! Highlabundance!of!faunal/lcrab!burrows!present,!complex!structural!
habitat!forlfauna,!likely!to!be!regularlylinundated,!but!'some!disturbance!

Good!! Somelfaunal/lcrab!burrows!present,!periodicalltidallinundation,!some!
structurallhabitat!forlfauna!provided,llittlelanthropogenic!disturbance!

Fairll Low!abundanceloflfauna!/lcrab!burrows,!habitatlis!disturbed,little!
structurallhabitat!provided!to!fauna,linfrequent!tidallinundation!

Poor!! Little!to!no!faunalpresent,!poorly!flushed,!little!/!no!structurallhabitat!
provided!tolfauna,'habitat!is!heavily!disturbed,linfrequent!or!noltidal!
inundation,!onlylopportunisticlspecies!present!

!

Table!A2! Categories! used! to! qualitatively! assess! the! value! of! seagrass! and!

macroalgae!tolaquaticlecology!and!fisheries.!

Value" Criteria"

Very!good! Highlpercent!coverland!biomass!oflseagrass,!offeringlcomplex!structural!
habitat!forlfauna,!proximallto!mangroves,'high!densities!oflfaunal/lcrab!
burrows!and!no!damage!such!as!burning!or!discolouration!

Good! Moderate!percent!coverland!biomass!oflseagrass,!offering!good!structural!
habitat,!proximallto!mangroves,!moderate!densities!oflfaunal/lcrab!
burrows!andllittie!ldamage!evident!

Fair!l Moderate!percent!coverland!biomass!oflseagrass,!offering!some!
structurallhabitat,!proximallto!limited!mangroves,!some!faunal/lcrab!
burrows!and!someldamage!evident!

Poor! Low!percent!coverland!biomass!oflseagrass,!offering!little!structural!
habitat,!distallto!mangroves,!few!fauna!/!crablburrows!and!damage!
evident!

Very!poorl!! Veryllow!percent!coverland!biomass!oflseagrass,!offering!veryllittle!

structurallhabitat,!distalltolmangroves!orlmangroves!absent,!very!few!
fauna!/lcrab!burrows!with!only!opportunistic!species!presentland!
extensiveldamagelevident!
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1.1.1" Structural'Elements"

Structural'elements,!such!as!trees,! seedlings,!aerial' roots!and! pneumatophores,! provide!
habitat! for! marine! organisms.! ! Leaf! litter! on! the! forest! floor,! such! as! fallen! mangrove!
leaves,! and! large! debris! (including! dead! tree! trunks),! also! provide! structural! habitat! in!
mangrove!forests.!!However,!verylhigh!coverlofllitter! (>150%)!suggests!that!lan!arealhas!al
low!frequency!ofltidallinundation!and!is!poorly!flushed,!which!reduces!the!fisheries! value!
oflthe!habitat.!!!

Smaller! structures,! such! as! pneumatophores,! seedlings! and! small! aerial! roots,! provide!
habitat! for! certain! species,! while! larger! structures,! such! as! tree! trunks! and! large! aerial!
roots,!provide!habitat!forlother!species.!!' The!presence!oflstructurallelements!with!alrange!
of! different! sizes! provides! heterogeneity! of! habitat,! thereby! offering! a! greater! range! of!
habitats! to! a! larger! number! of! different! species! of! fish! and! crustaceans.!! That!is,! each!
structural! element! provides! a! degree! of! structural! habitat,! yet! the! presence! of! multiple!
structural! elements! provides! structural! heterogeneity! and! generally! supports! a! more!
diverse!lcommunity!oflmarinelorganisms.!

1.1.2" Abundance'of'Infauna”

Thelabundance!oflinfauna,!suchl!as!crabs!and!molluscs,lis!aldirect!indicator!oflhabitat!use!
and!food!availability.!'Relative!densities!oflcrab!burrows!also!provide!an!indication!oflused
however,!thelnumber!of!burrows!does!not!necessarily!equate!to!the!number! oflindividual!
crabs!using!the!habitat,!as!some!species!create!more!thanlone!burrow!while!others!share!
burrows.!!Crabs!and!molluscs!also!provide!food!forlfishes!and!large!crustaceans.!

Benthic Epi- and Infauna

Epifauna! was! visually! observed! at! low! tide! in! each! habitat,! except! for! the! channel.!!
Additionally,! pitfall! traps! were! set! in! mangrove! habitats! at! low! tide! and! remained!in! the!
sediment!forloneltidal!cycle.!!After!24!hours!(+/N2!hrs)!!the!pitfallltraps!were!retrieved!and!
faunalwaslidentified!and!countedo!and!all/faunal!was!returned!to!thelenvironment.!

Benthiclinfauna!was!assessed!by!taking!three!invertebrate! cores! at! two! sites! from!each!
habitat,! except! mangrove! habitat! (Map! 2).!'! Cores! were! collected! using! an! Eyer’s! corer!
with!aldiameter!of!10.5!cm!tolaldepth!of!30!cm.!'Samples!were!sieved!in!the!field!through!
a!500!um!sieveland!preserved!using!ethanol!solution.!! The! samples!were!transported!to!
the!laboratory! where!they! were! stained! with! Rose! Bengal! and! macroinvertebrates! were!
picked,!sorted!and!identified!to!the!lowest!taxonomicllevel,lin!mostlinstances!to!family.!
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1.1.3" Data"Analysis"

Means! of! abundance! (total! number! of! individuals)! and! taxonomic! richness! (family!
richness)!werel!determined!forleach!site.!!
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Appendix'B" EPBC'Protected'Matter'Search'Results"
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Summary

Matters of National Environmental Significance

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

World Heritage Properties: None
National Heritage Places: None
Wetlands of International Importance: 1
Great Barrier Reef Marine Park: None
Commonwealth Marine Area: None
Listed Threatened Ecological Communities: 3
Listed Threatened Species: 68
Listed Migratory Species: 72

Other Matters Protected by the EPBC Act

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment’, these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Commonwealth Land: None
Commonwealth Heritage Places: None
Listed Marine Species: 111
Whales and Other Cetaceans: 14
Critical Habitats: None

Commonwealth Reserves Terrestrial: None

Commonwealth Reserves Marine: None

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

State and Territory Reserves: 5
Regional Forest Agreements: None
Invasive Species: 42
Nationally Important Wetlands: 1

Key Ecological Features (Marine) None




Detalls

Matters of National Environmental Significance

Wetlands of International Importance (Ramsar)

Name
Moreton bay

Listed Threatened Ecological Communities

[ Resource Information ]

Proximity
Within Ramsar site

[ Resource Information ]

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to

produce indicative distribution maps.

Name
Littoral Rainforest and Coastal Vine Thickets of

Eastern Australia
Lowland Rainforest of Subtropical Australia

Subtropical and Temperate Coastal Saltmarsh

Listed Threatened Species
Name

Birds

Anthochaera phryqgia

Regent Honeyeater [82338]

Botaurus poiciloptilus
Australasian Bittern [1001]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris tenuirostris
Great Knot [862]

Charadrius leschenaultii
Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus
Lesser Sand Plover, Mongolian Plover [879]

Cyclopsitta diophthalma coxeni
Coxen's Fig-Parrot [59714]

Dasyornis brachypterus
Eastern Bristlebird [533]

Diomedea antipodensis
Antipodean Albatross [64458]

Status
Critically Endangered

Critically Endangered

Vulnerable

Status

Critically Endangered

Endangered

Endangered

Critically Endangered

Critically Endangered

Vulnerable

Endangered

Endangered

Endangered

Vulnerable

Type of Presence

Community likely to occur
within area

Community may occur
within area

Community likely to occur
within area

[ Resource Information ]

Type of Presence

Foraging, feeding or related
behaviour likely to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name
Diomedea antipodensis gibsoni
Gibson's Albatross [82270]

Diomedea exulans
Wandering Albatross [89223]

Erythrotriorchis radiatus
Red Goshawk [942]

Fregetta grallaria grallaria

White-bellied Storm-Petrel (Tasman Sea), White-
bellied Storm-Petrel (Australasian) [64438]

Geophaps scripta scripta
Squatter Pigeon (southern) [64440]

Lathamus discolor
Swift Parrot [744]

Limosa lapponica baueri

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed

Godwit [86380]

Limosa lapponica menzbieri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit

(menzbieri) [86432]

Macronectes giganteus

Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Pachyptila turtur subantarctica
Fairy Prion (southern) [64445]

Poephila cincta cincta
Southern Black-throated Finch [64447]

Pterodroma neglecta neglecta
Kermadec Petrel (western) [64450]

Rostratula australis
Australian Painted Snipe [77037]

Thalassarche cauta cauta
Shy Albatross, Tasmanian Shy Albatross [82345]

Thalassarche cauta steadi
White-capped Albatross [82344]

Thalassarche eremita
Chatham Albatross [64457]

Status

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Critically Endangered

Vulnerable

Critically Endangered

Endangered

Vulnerable

Critically Endangered

Vulnerable

Endangered

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour may occur within
area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour likely to occur
within area

Species or species habitat
may occur within area



Name Status
Thalassarche impavida

Campbell Albatross, Campbell Black-browed Albatross Vulnerable
[64459]

Thalassarche melanophris

Black-browed Albatross [66472] Vulnerable
Thalassarche salvini
Salvin's Albatross [64463] Vulnerable
Turnix melanogaster
Black-breasted Button-quail [923] Vulnerable

Fish
Epinephelus daemelii
Black Rockcod, Black Cod, Saddled Rockcod [68449] Vulnerable

Insects

Phyllodes imperialis smithersi

Pink Underwing Moth [86084] Endangered
Mammals

Balaenoptera musculus

Blue Whale [36] Endangered
Chalinolobus dwyeri

Large-eared Pied Bat, Large Pied Bat [183] Vulnerable
Dasyurus hallucatus

Northern Quoll, Digul [331] Endangered

Dasyurus maculatus maculatus (SE mainland population)

Spot-tailed Quoll, Spotted-tail Quoll, Tiger Quoll Endangered
(southeastern mainland population) [75184]

Eubalaena australis

Southern Right Whale [40] Endangered
Megaptera novaeangliae

Humpback Whale [38] Vulnerable
Petauroides volans

Greater Glider [254] Vulnerable

Phascolarctos cinereus (combined populations of Qld, NSW and the ACT)

Koala (combined populations of Queensland, New Vulnerable
South Wales and the Australian Capital Territory)

[85104]

Pteropus poliocephalus

Grey-headed Flying-fox [186]

Vulnerable

Xeromys myoides
Water Mouse, False Water Rat, Yirrkoo [66]

Vulnerable

Plants
Arthraxon hispidus
Hairy-joint Grass [9338]

Vulnerable

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Congregation or
aggregation known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area



Name
Baloghia marmorata
Marbled Balogia, Jointed Baloghia [8463]

Bosistoa transversa
Three-leaved Bosistoa, Yellow Satinheart [16091]

Corchorus cunninghamii
Native Jute [14659]

Cryptocarya foetida
Stinking Cryptocarya, Stinking Laurel [11976]

Cryptostylis hunteriana
Leafless Tongue-orchid [19533]

Macadamia integrifolia

Macadamia Nut, Queensland Nut Tree, Smooth-
shelled Macadamia, Bush Nut, Nut Oak [7326]

Macadamia tetraphylla
Rough-shelled Bush Nut, Macadamia Nut, Rough-

shelled Macadamia, Rough-leaved Queensland Nut

[6581]
Phaius australis

Lesser Swamp-orchid [5872]

Phaius bernaysii
Yellow Swamp-orchid [4918]

Samadera bidwillii
Quassia [29708]

Thesium australe
Austral Toadflax, Toadflax [15202]

Reptiles
Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Delma torquata
Adorned Delma, Collared Delma [1656]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Eretmochelys imbricata
Hawksbill Turtle [1766]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767]

Natator depressus
Flatback Turtle [59257]

Status

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Endangered

Vulnerable

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area



Name
Saiphos reticulatus
Three-toed Snake-tooth Skink [88328]

Sharks
Carcharias taurus (east coast population)
Grey Nurse Shark (east coast population) [68751]

Carcharodon carcharias
White Shark, Great White Shark [64470]

Pristis zijsron

Green Sawfish, Dindagubba, Narrowsnout Sawfish
[68442]
Rhincodon typus

Whale Shark [66680]

Listed Migratory Species

Status

Vulnerable

Critically Endangered

Vulnerable

Vulnerable

Vulnerable

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Breeding may occur within
area

Species or species habitat
may occur within area

[ Resource Information ]

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Migratory Marine Birds
Anous stolidus
Common Noddy [825]

Apus pacificus
Fork-tailed Swift [678]

Calonectris leucomelas
Streaked Shearwater [1077]

Diomedea exulans
Wandering Albatross [89223]

Fregata ariel
Lesser Frigatebird, Least Frigatebird [1012]

Fregata minor
Great Frigatebird, Greater Frigatebird [1013]

Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Puffinus carneipes

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Sterna albifrons
Little Tern [813]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Thalassarche melanophris
Black-browed Albatross [66472]

Threatened

Vulnerable

Endangered

Vulnerable

Vulnerable*

Vulnerable

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name Threatened
Migratory Marine Species

Balaenoptera edeni

Bryde's Whale [35]

Balaenoptera musculus
Blue Whale [36] Endangered

Carcharodon carcharias
White Shark, Great White Shark [64470] Vulnerable

Caretta caretta
Loggerhead Turtle [1763] Endangered

Chelonia mydas
Green Turtle [1765] Vulnerable

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered

Dugong dugon
Dugong [28]

Eretmochelys imbricata
Hawksbill Turtle [1766] Vulnerable

Eubalaena australis
Southern Right Whale [40] Endangered

Lagenorhynchus obscurus
Dusky Dolphin [43]

Lamna nasus
Porbeagle, Mackerel Shark [83288]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767] Endangered

Manta alfredi

Reef Manta Ray, Coastal Manta Ray, Inshore Manta
Ray, Prince Alfred's Ray, Resident Manta Ray [84994]

Manta birostris

Giant Manta Ray, Chevron Manta Ray, Pacific Manta
Ray, Pelagic Manta Ray, Oceanic Manta Ray [84995]

Megaptera novaeangliae
Humpback Whale [38] Vulnerable

Natator depressus
Flatback Turtle [59257] Vulnerable

Orcaella brevirostris
Irrawaddy Dolphin [45]

Orcinus orca
Killer Whale, Orca [46]

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Congregation or
aggregation known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area



Name
Pristis zijsron

Green Sawfish, Dindagubba, Narrowsnout Sawfish

[68442]
Rhincodon typus

Whale Shark [66680]

Sousa chinensis
Indo-Pacific Humpback Dolphin [50]

Migratory Terrestrial Species
Cuculus optatus
Oriental Cuckoo, Horsfield's Cuckoo [86651]

Hirundapus caudacutus
White-throated Needletail [682]

Monarcha melanopsis
Black-faced Monarch [609]

Monarcha trivirgatus
Spectacled Monarch [610]

Myiagra cyanoleuca
Satin Flycatcher [612]

Rhipidura rufifrons
Rufous Fantail [592]

Migratory Wetlands Species
Actitis hypoleucos
Common Sandpiper [59309]

Arenaria interpres
Ruddy Turnstone [872]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris alba
Sanderling [875]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris melanotos
Pectoral Sandpiper [858]

Calidris ruficollis
Red-necked Stint [860]

Calidris tenuirostris
Great Knot [862]

Charadrius bicinctus
Double-banded Plover [895]

Charadrius leschenaultii
Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus
Lesser Sand Plover, Mongolian Plover [879]

Threatened

Vulnerable

Vulnerable

Endangered

Critically Endangered

Critically Endangered

Vulnerable

Endangered

Type of Presence

Breeding may occur within
area

Species or species habitat
may occur within area

Breeding known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur



Name

Charadrius veredus
Oriental Plover, Oriental Dotterel [882]

Gallinago hardwickii
Latham's Snipe, Japanese Snipe [863]

Gallinago megala
Swinhoe's Snipe [864]

Gallinago stenura
Pin-tailed Snipe [841]

Heteroscelus brevipes
Grey-tailed Tattler [59311]

Heteroscelus incanus
Wandering Tattler [59547]

Limicola falcinellus
Broad-billed Sandpiper [842]

Limnodromus semipalmatus
Asian Dowitcher [843]

Limosa lapponica
Bar-tailed Godwit [844]

Limosa limosa
Black-tailed Godwit [845]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Numenius minutus
Little Curlew, Little Whimbrel [848]

Numenius phaeopus
Whimbrel [849]

Pandion haliaetus
Osprey [952]

Philomachus pugnax
Ruff (Reeve) [850]

Pluvialis fulva
Pacific Golden Plover [25545]

Pluvialis squatarola
Grey Plover [865]

Tringa glareola
Wood Sandpiper [829]

Tringa nebularia
Common Greenshank, Greenshank [832]

Tringa stagnatilis
Marsh Sandpiper, Little Greenshank [833]

Xenus cinereus
Terek Sandpiper [59300]

Threatened

Critically Endangered

Type of Presence
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting likely to occur
within area

Roosting likely to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Breeding known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area



Other Matters Protected by the EPBC Act

Listed Marine Species

[ Resource Information ]

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Birds

Actitis hypoleucos

Common Sandpiper [59309]

Anous stolidus
Common Noddy [825]

Anseranas semipalmata
Magpie Goose [978]

Apus pacificus
Fork-tailed Swift [678]

Ardea alba
Great Egret, White Egret [59541]

Ardea ibis
Cattle Egret [59542]

Arenaria interpres
Ruddy Turnstone [872]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris alba
Sanderling [875]

Calidris canutus
Red Knot, Knot [855]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris melanotos
Pectoral Sandpiper [858]

Calidris ruficollis
Red-necked Stint [860]

Calidris tenuirostris
Great Knot [862]

Calonectris leucomelas
Streaked Shearwater [1077]

Charadrius bicinctus
Double-banded Plover [895]

Charadrius leschenaultii

Greater Sand Plover, Large Sand Plover [877]

Charadrius mongolus

Lesser Sand Plover, Mongolian Plover [879]

Charadrius ruficapillus
Red-capped Plover [881]

Threatened

Endangered

Critically Endangered

Critically Endangered

Vulnerable

Endangered

Type of Presence

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Breeding known to occur
within area

Species or species habitat
may occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
may occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur



Name

Charadrius veredus

Oriental Plover, Oriental Dotterel [882]

Cuculus saturatus

Oriental Cuckoo, Himalayan Cuckoo [710]

Diomedea antipodensis
Antipodean Albatross [64458]

Diomedea exulans
Wandering Albatross [89223]

Diomedea gibsoni
Gibson's Albatross [64466]

Fregata ariel

Lesser Frigatebird, Least Frigatebird [1012]

Fregata minor

Great Frigatebird, Greater Frigatebird [1013]

Gallinago hardwickii

Latham's Snipe, Japanese Snipe [863]

Gallinago megala
Swinhoe's Snipe [864]

Gallinago stenura
Pin-tailed Snipe [841]

Haliaeetus leucogaster
White-bellied Sea-Eagle [943]

Heteroscelus brevipes
Grey-tailed Tattler [59311]

Heteroscelus incanus
Wandering Tattler [59547]

Himantopus himantopus
Black-winged Stilt [870]

Hirundapus caudacutus
White-throated Needletail [682]

Lathamus discolor
Swift Parrot [744]

Limicola falcinellus
Broad-billed Sandpiper [842]

Limnodromus semipalmatus
Asian Dowitcher [843]

Limosa lapponica
Bar-tailed Godwit [844]

Limosa limosa
Black-tailed Godwit [845]

Threatened

Vulnerable

Vulnerable

Vulnerable*

Critically Endangered

Type of Presence
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting likely to occur
within area

Roosting likely to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area



Name
Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Merops ornatus
Rainbow Bee-eater [670]

Monarcha melanopsis
Black-faced Monarch [609]

Monarcha trivirgatus
Spectacled Monarch [610]

Myiagra cyanoleuca
Satin Flycatcher [612]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Numenius minutus
Little Curlew, Little Whimbrel [848]

Numenius phaeopus
Whimbrel [849]

Pachyptila turtur
Fairy Prion [1066]

Pandion haliaetus
Osprey [952]

Philomachus pugnax
Ruff (Reeve) [850]

Pluvialis fulva
Pacific Golden Plover [25545]

Pluvialis squatarola
Grey Plover [865]

Puffinus carneipes

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Recurvirostra novaehollandiae
Red-necked Avocet [871]

Rhipidura rufifrons
Rufous Fantail [592]

Rostratula benghalensis (sensu lato)
Painted Snipe [889]

Sterna albifrons
Little Tern [813]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Threatened

Endangered

Vulnerable

Critically Endangered

Endangered*

Vulnerable*

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Breeding known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Roosting known to occur
within area

Species or species habitat
likely to occur within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name
Thalassarche eremita
Chatham Albatross [64457]

Thalassarche impavida

Campbell Albatross, Campbell Black-browed Albatross

[64459]

Thalassarche melanophris
Black-browed Albatross [66472]

Thalassarche salvini
Salvin's Albatross [64463]

Thalassarche steadi
White-capped Albatross [64462]

Tringa glareola
Wood Sandpiper [829]

Tringa nebularia
Common Greenshank, Greenshank [832]

Tringa stagnatilis
Marsh Sandpiper, Little Greenshank [833]

Xenus cinereus
Terek Sandpiper [59300]

Fish
Acentronura tentaculata
Shortpouch Pygmy Pipehorse [66187]

Campichthys tryoni
Tryon's Pipefish [66193]

Corythoichthys amplexus

Fijian Banded Pipefish, Brown-banded Pipefish

[66199]

Corythoichthys ocellatus

Orange-spotted Pipefish, Ocellated Pipefish [66203]

Festucalex cinctus
Girdled Pipefish [66214]

Filicampus tigris
Tiger Pipefish [66217]

Halicampus grayi
Mud Pipefish, Gray's Pipefish [66221]

Hippichthys cyanospilos

Blue-speckled Pipefish, Blue-spotted Pipefish [66228]

Hippichthys heptagonus

Madura Pipefish, Reticulated Freshwater Pipefish

[66229]

Hippichthys penicillus

Beady Pipefish, Steep-nosed Pipefish [66231]

Threatened

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable*

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Foraging, feeding or related
behaviour likely to occur
within area

Roosting known to occur
within area

Species or species habitat
known to occur within area

Roosting known to occur
within area

Roosting known to occur

within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within



Name

Hippocampus kellogqi
Kellogg's Seahorse, Great Seahorse [66723]

Hippocampus kuda
Spotted Seahorse, Yellow Seahorse [66237]

Hippocampus planifrons
Flat-face Seahorse [66238]

Hippocampus trimaculatus

Three-spot Seahorse, Low-crowned Seahorse, Flat-
faced Seahorse [66720]

Hippocampus whitei

White's Seahorse, Crowned Seahorse, Sydney
Seahorse [66240]

Lissocampus runa
Javelin Pipefish [66251]

Maroubra perserrata
Sawtooth Pipefish [66252]

Micrognathus andersonii
Anderson's Pipefish, Shortnose Pipefish [66253]

Micrognathus brevirostris
thorntail Pipefish, Thorn-tailed Pipefish [66254]

Microphis manadensis
Manado Pipefish, Manado River Pipefish [66258]

Solegnathus dunckeri
Duncker's Pipehorse [66271]

Solegnathus hardwickii
Pallid Pipehorse, Hardwick's Pipehorse [66272]

Solegnathus spinosissimus
Spiny Pipehorse, Australian Spiny Pipehorse [66275]

Solenostomus cyanopterus

Robust Ghostpipefish, Blue-finned Ghost Pipefish,
[66183]

Solenostomus paegnius
Rough-snout Ghost Pipefish [68425]

Solenostomus paradoxus

Ornate Ghostpipefish, Harlequin Ghost Pipefish,
Ornate Ghost Pipefish [66184]

Stigmatopora nigra
Widebody Pipefish, Wide-bodied Pipefish, Black
Pipefish [66277]

Syngnathoides biaculeatus

Double-end Pipehorse, Double-ended Pipehorse,
Alligator Pipefish [66279]

Threatened

Type of Presence
area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name
Trachyrhamphus bicoarctatus

Bentstick Pipefish, Bend Stick Pipefish, Short-tailed
Pipefish [66280]

Urocampus carinirostris
Hairy Pipefish [66282]

Vanacampus margaritifer
Mother-of-pearl Pipefish [66283]

Mammals
Dugong dugon
Dugong [28]

Reptiles
Aipysurus laevis
Olive Seasnake [1120]

Astrotia stokesii
Stokes' Seasnake [1122]

Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Eretmochelys imbricata
Hawksbill Turtle [1766]

Hydrophis elegans
Elegant Seasnake [1104]

Laticauda laticaudata
a sea krait [1093]

Lepidochelys olivacea
Olive Ridley Turtle, Pacific Ridley Turtle [1767]

Natator depressus
Flatback Turtle [59257]

Pelamis platurus
Yellow-bellied Seasnake [1091]

Whales and other Cetaceans

Name

Mammals

Balaenoptera acutorostrata
Minke Whale [33]

Balaenoptera edeni
Bryde's Whale [35]

Threatened

Endangered

Vulnerable

Endangered

Vulnerable

Endangered

Vulnerable

Status

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Foraging, feeding or related
behaviour known to occur
within area

Species or species habitat
may occur within area

[ Resource Information ]

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area



Name Status
Balaenoptera musculus
Blue Whale [36] Endangered

Delphinus delphis

Common Dophin, Short-beaked Common Dolphin [60]

Eubalaena australis
Southern Right Whale [40] Endangered

Grampus griseus
Risso's Dolphin, Grampus [64]

Lagenorhynchus obscurus
Dusky Dolphin [43]

Megaptera novaeangliae
Humpback Whale [38] Vulnerable

Orcaella brevirostris
Irrawaddy Dolphin [45]

Orcinus orca
Killer Whale, Orca [46]

Sousa chinensis
Indo-Pacific Humpback Dolphin [50]

Stenella attenuata
Spotted Dolphin, Pantropical Spotted Dolphin [51]

Tursiops aduncus

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Tursiops truncatus s. str.
Bottlenose Dolphin [68417]

Extra Information

State and Territory Reserves

Name

Bird Island
Dawson Road
Goat Island
Teerk Roo Ra
Teerk Roo Ra

Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Congregation or
aggregation known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

[ Resource Information ]
State
QLD
QLD
QLD
QLD
QLD



Invasive Species [ Resource Information ]

Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence

Birds
Acridotheres tristis
Common Myna, Indian Myna [387]

Anas platyrhynchos
Mallard [974]

Carduelis carduelis
European Goldfinch [403]

Columba livia

Rock Pigeon, Rock Dove, Domestic Pigeon [803]

Lonchura punctulata
Nutmeg Mannikin [399]

Passer domesticus
House Sparrow [405]

Streptopelia chinensis
Spotted Turtle-Dove [780]

Sturnus vulgaris
Common Starling [389]

Frogs
Rhinella marina
Cane Toad [83218]

Mammals
Bos taurus
Domestic Cattle [16]

Canis lupus familiaris
Domestic Dog [82654]

Felis catus
Cat, House Cat, Domestic Cat [19]

Lepus capensis
Brown Hare [127]

Mus musculus
House Mouse [120]

Oryctolagus cuniculus
Rabbit, European Rabbit [128]

Rattus norvegicus
Brown Rat, Norway Rat [83]

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur



Name

Rattus rattus
Black Rat, Ship Rat [84]

Sus scrofa
Pig [6]

Vulpes vulpes
Red Fox, Fox [18]

Plants
Alternanthera philoxeroides
Alligator Weed [11620]

Annona glabra
Pond Apple, Pond-apple Tree, Alligator Apple,
Bullock's Heart, Cherimoya, Monkey Apple, Bobwood,

Corkwood [6311]
Anredera cordifolia

Madeira Vine, Jalap, Lamb's-tail, Mignonette Vine,
Anredera, Gulf Madeiravine, Heartleaf Madeiravine,
Potato Vine [2643]

Asparagus aethiopicus

Asparagus Fern, Ground Asparagus, Basket Fern,
Sprengi's Fern, Bushy Asparagus, Emerald Asparagus
[62425]

Cabomba caroliniana

Cabomba, Fanwort, Carolina Watershield, Fish Grass,
Washington Grass, Watershield, Carolina Fanwort,
Common Cabomba [5171]

Chrysanthemoides monilifera

Bitou Bush, Boneseed [18983]

Chrysanthemoides monilifera subsp. rotundata
Bitou Bush [16332]

Cryptostegia grandiflora

Rubber Vine, Rubbervine, India Rubber Vine, India
Rubbervine, Palay Rubbervine, Purple Allamanda
[18913]

Eichhornia crassipes

Water Hyacinth, Water Orchid, Nile Lily [13466]

Genista monspessulana

Montpellier Broom, Cape Broom, Canary Broom,
Common Broom, French Broom, Soft Broom [20126]

Hymenachne amplexicaulis

Hymenachne, Olive Hymenachne, Water Stargrass,
West Indian Grass, West Indian Marsh Grass [31754]

Lantana camara

Lantana, Common Lantana, Kamara Lantana, Large-
leaf Lantana, Pink Flowered Lantana, Red Flowered
Lantana, Red-Flowered Sage, White Sage, Wild Sage
[10892]

Opuntia spp.

Prickly Pears [82753]

Parthenium hysterophorus

Parthenium Weed, Bitter Weed, Carrot Grass, False
Ragweed [19566]

Prosopis spp.
Mesquite, Algaroba [68407]

Status

Type of Presence
within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species



Name Status

Protasparagus densiflorus
Asparagus Fern, Plume Asparagus [5015]

Rubus fruticosus aggregate
Blackberry, European Blackberry [68406]

Sagittaria platyphylla
Delta Arrowhead, Arrowhead, Slender Arrowhead
[68483]

Salix spp. except S.babylonica, S.x calodendron & S.x reichardtii

Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow [68497]

Salvinia molesta

Salvinia, Giant Salvinia, Aquarium Watermoss, Kariba
Weed [13665]

Senecio madagascariensis

Fireweed, Madagascar Ragwort, Madagascar
Groundsel [2624]

Reptiles
Hemidactylus frenatus
Asian House Gecko [1708]

Ramphotyphlops braminus

Flowerpot Blind Snake, Brahminy Blind Snake, Cacing
Besi [1258]

Nationally Important Wetlands

Name
Moreton Bay

Type of Presence

habitat likely to occur within
area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

[ Resource Information ]

State
QLD



Caveat

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

Threatened, migratory and marine species distributions have been derived through a variety of methods. Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc). In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

Only selected species covered by the following provisions of the EPBC Act have been mapped:
- migratory and
- marine

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- threatened species listed as extinct or considered as vagrants
- some species and ecological communities that have only recently been listed
- some terrestrial species that overfly the Commonwealth marine area
- migratory species that are very widespread, vagrant, or only occur in small numbers
The following groups have been mapped, but may not cover the complete distribution of the species:
- non-threatened seabirds which have only been mapped for recorded breeding sites
- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Coordinates

-27.525453 153.279669,-27.513806 153.305075,-27.513502 153.332455,-27.52355 153.344042,-27.533597 153.351166,-27.544784 153.351338, -
27.553688 153.33606,-27.553764 153.29778,-27.544936 153.284133,-27.537554 153.278468,-27.525833 153.279326,-27.525453 153.279669
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31 October 2017 frc ref: 171006Ri

Re: Toondah Harbour: Preliminary Turbidity Analyses

This report by letter provides a summary of the turbidity data collected at Toondah
Harbour between 9 September 2015 and 22 September 2017.

Summary of the Turbidity Logging Program

Potential impacts of excavation and dredging works on aquatic ecosystems include
changes to water quality, and in particular increased suspended sediment in the water
column. Increased loads of suspended sediments reduce the amount of light available to
key sensitive receptors, such as seagrass and coral, negatively impacting photosynthesis.
The distribution of seagrasses in western Moreton Bay is influenced by light availability,
with the bottom of the seagrass depth range generally indicating the minimum light
requirements.

The objective of the turbidity logging at Toondah Harbour was to provide a long term
baseline of turbidity conditions, which can then be used to derive trigger levels for the
proposed works. The turbidity data can also be used in the water quality modelling (when
correlated with TSS data also collected in late 2015).

Turbidity was logged at three sites (Map 1):

x Logger 1 was located offshore of the PDA boundary (528776.42 m E;
6955817.37 m S): this site was selected to establish a baseline for turbidity in an
area that may be impacted by reclamation of the PDA area, and is at the bottom
edge of the seagrass.

x Loggers 2 and 3 were located near the Fison  Channel
(5629220.27 m E; 6953925.39 m S; 530487.58 m E; 6954314.20 m S): these sites
were selected to provide baseline data for the area that may be impacted by
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dredging the channel. Both sites were at the bottom edge of seagrass, and there
was also some sparse coral at Site 3.

Loggers were placed in a mounting structure that was secured in the sediment with star
pickets (Figure 1). Equipment was clearly labelled with ‘frc environmental Pty Ltd’ and
‘Permit number QS2014/CVL125’ and was marked with a floating buoy. Loggers
measured turbidity (NTU) generally every 15 minutes. Loggers were serviced
approximately every 2 weeks, which involved downloading data, cleaning any biofouling,
replacing batteries and calibrating the loggers.

Data logged between 9 September 2015 and 22 September 2017 was cleaned and
analysed by Truii (refer to Appendix A). After cleaning there were between 51,542 and
57,275 individual turbidity readings for each of the three loggers.

Figure.1 Cross section of turbidity logger placed in Toondah Habour.
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Summary of Data

The mean turbidity over the 24 months of sampling was lower at site 3 (12.6 NTU) than at
sites 1 (20.6 NTU) and 2 (30.5 NTU). Overall, turbidity was generally highest during the
wetter seasons of late spring and summer at all sites (Appendix A). During the wet
season, sediment laden runoff and resuspension of sediments by strong winds can lead to
a reduction in water clarity.

Water Quality Objectives

Water quality in Queensland is protected under the Environmental Protection (Water)
Policy 2009 (EPP (Water)) using Water Quality Objectives (WQOs). The Moreton Bay
Environmental Values and Water Quality Objectives (June 2010) specifies a WQO for the
project area (Area C2 on Plan WQ1441) for turbidity of 5 NTU. The median turbidity at all
three sites over the 24 months (7.8 NTU to 11.1 NTU) exceeded the WQO. Turbidity at all
three sites generally complied with the WQO in winter and exceeded the WQO during late
spring and summer. Consequently, it is advisable to set local water quality objectives or
trigger levels for this area, before development work starts. The Queensland Water
Quality Guidelines 2009 recommends that trigger levels should be based on data
collected preferably over 24 months in order to capture two complete annual cycles. Data
has been collected over 24 months at Toondah Harbour and thus can be used to
calculate local trigger levels for the development. However, given data is currently still
being logged at the three sites, it is advisable to calculate trigger levels on completion of
the program when the loggers are removed to incorporate all available data.

Analysis of Data Regarding Ferry Movements

There is a visible increase in turbidity in Fison Channel associated with ferry movements.
This has been observed by staff when downloading data from the loggers. Site 2 is
located very close to Fison Channel. However there was no obvious relationship detected
between ferry passing and turbidity levels at site 2.

Given turbidity levels can be visually seen as a result of the passing ferry, we recommend
this is investigated further. This could be done by moving the position of the loggers to
specifically target areas likely to be impacted by ferry movements and by recording
passing ferries. This will assist in determining the likely impacts of the proposed works
(i.e. deepening the channel is likely to reduce turbidity associated with ferry movements).



Consequently identifying the contribution of ferry movement to current turbidity levels will
be a key consideration in assessing impacts from the proposed development.

Analysis of Data Regarding Tides, Rainfall and Wind

Typically turbidity in Moreton Bay is highest in the late spring and summer when strong
south-east and north-east winds resuspend the sediment and rainfall is more prominent.
However, there was no significant relationship between tide, rainfall or wind and turbidity
when assessed throughout the 24 month period (Appendix A).

Conclusion

Turbidity is a measurement of water clarity and provides important information on the
potential impact of dredge and reclamation works on the marine environment. Higher
turbidity indicates reduced light reaching key benthic habitats, such as seagrass and
coral.

Turbidity has been logged (approximately every 15 minutes) at three sites near seagrass
and / or coral habitat near the proposed development at Toondah Habour over 24 months.
The median turbidity over 24 month at all three sites exceeded the WQO, with median
values generally compiling with the WQO in winter months and exceeding the WQO in
late spring and summer months. During the wet season, sediment laden runoff and
resuspension of sediments by strong winds are likely to lead to a reduction in water clarity.
Consequently, it is advisable to set local trigger levels for this area before development
work starts. Data has been collected over 24 months at Toondah Harbour and thus can
be used to calculate local trigger levels in accordance with the Queensland Water Quality
Guidelines 2009 prior to the development.

Given turbidity levels can be visually seen as a result of the passing ferry, we recommend
this is investigated to assist in determining the likely impacts of the proposed works,
including whether deepening the channel is likely to reduce turbidity associated with ferry
movements. This could be done by moving the position of the loggers to specifically target
areas likely to be impacted by ferry movements and recording passing ferries.

Seagrass and coral survival and growth is related to the amount of light they receive, in
particular the amount of photosynthetically active radiation (PAR). The amount of PAR
light they receive is dependent on a number of factors including day length, cloud cover,



surface light intensity, water depth, water colour and water clarity. While turbidity gives an
indication of the amount of light available to seagrass it does not give an accurate
measurement. To ensure the most appropriate minimum light requirements are
established for the seagrass and coral habitat adjacent to Toondah Harbour, we
recommend PAR is logged in addition to turbidity.

Kelli, if you have any further queries related to this data analyses, please let me know.

Yours sincerely,

Liz West
on behalf of frc environmental



Appendix A Detailed Statistical Analyses



Cleveland Turbidity analysis

Prepared for FRC Environmental

21 October 2017

Dr Nick Marsh

Managing Director



1 Executive summary

There where statistically significant associations between all of the potential influencers of turbidity

and the turbidity value, however the overall variability in turbidity explained by these parameters is
low.

No correlations with predictive power between turbidity and environmental (rainfall, wind speed,
tide height) or ferry passing were detected.
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2 Background

FRC environmental commissioned Truii Pty Ltd to conduct analysis on three turbidity loggers located
in Moreton Bay (near Cleveland). The brief was to investigate the relationship between turbidity
levels and environmental factors (rainfall, wind speed and direction and tidal influence) as well as
the impact that ferry’s may have on turbidity levels. Specifically the turbidity for Logger 2, located
near the ferry channel.

3 Input data and preparation

3.1Supplied data - Turbidity

Data from three turbidity loggers was supplied. The turbidity data spans the period 9 September
2015 - 22 September 2017.

The turbidity data was cleaned based on the following procedures

e All negative turbidity values were removed.

e Isolated turbidity spikes above 50NTU were removed, where a spike was defined as
exceeding the mean of the preceeding ten samples by a factor of 3 (see Figure 1).

e Specific periods where obvious drift occurred and data removed as noted in table.
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Table 1: specific periods where data was removed due to apparent logger drift (extended elevated NTU records)

Start end logger rationale

04 Oct 2015 10 Oct 2015 1 Consistently >500NTU

02/03/2016 12/03/2016 1 Drift period

19/04/2016 27/04/2016 1 Consistently >500NTU

1/9/2016 13/09/2016 1

23/09/2016 11/10/2016 1 Elevated — doesn’t return to
baseline

03/11/2016 11/11/2016 1 Elevated — doesn’t return to
baseline

21/5/2017 1/7/2017 1 Elevated — doesn’t return to
baseline

22/12/2015 29/12/2015 2 Very high for several days

03/07/2016 15/07/16 2 drift

28/07/16 13/08/16 2 drift

2/3/17 10/4/17 3 Drift

29/6/17 21/7/17 3 drift

Even after the above data cleaning steps there are many very high spikes > 200NTU (especially for
logger 2) which may need further investigation.

Figure 1: Example of unexplained peak NTU value removal for logger 2.

3.1.1 Turbidity data summary

After cleaning there were 50,000-57,000 individual turbidity samples for each of the three loggers
(data summary in Table 3). The long term median turbidity value for the area was approximately
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10NTU (Table 2). Logger 2 (near the ferry channel) had a similar median (baseline) but more and
higher peaks demonstrated by the 95t percentile of 100NTU.

The coloured cells in Table 3show that there is a consistent temporal pattern across the three
loggers (high months are high in all three loggers).

Table 2: long term turbidity values

Loggerl Logger2 Logger3
Count 51542 57275 55375
Mean 20.6 30.5 12.6
StDev 311 81.0 19.5
median 9.7 111 7.8
95th%ile 74.9 100.0 40.4
S5th%ile 1.2 0.9 0.8

Figure 2: Example month sampling across three turbidity loggers (cleaned data).
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Table 3: Cleaned turbidity data summary

Yr | mnth | Logger1 Logger 2 Logger 3
n | Mean | StDev | median | 95th%ile | S5th%ile | n | Mean | StDev | median | 95th%ile | S5th%ile | n | Mean | StDev | median | 95th%ile | Sth%ile
Monthly summary

15|19 155 18.6 16.8 14.0 513 0.0 651 30.5 19.2 5.6 51.05 0.3 826 5.6 5.0 4.1 12.6 1.8
15 | 10 2071 21.2 31.0 11.1 69.1 3.5 2503 | 23.8 29.3 13.5 76.0 1.9 2448 | 11.2 17.9 6.4 36.2 0.9
15 | 11 2832 39.1 45.6 22.2 1294 4.0 2694 | 39.0 50.4 22.0 137.9 5.5 2838 | 19.6 16.8 13.8 52.6 4.9
15 | 12 2857 25.6 34.5 14.8 79.8 4.7 2187 | 39.0 51.2 1214 7.2 2918 | 16.9 13.4 12 46.2 6.1
16 |1 2937 19.5 25.7 10.1 75.6 2.8 2734 | 20.5 26.8 10.8 69.4 1.7 2826 | 19.8 24.8 11.9 63.2 4.0
16 | 2 1555 27.3 23.2 18.1 76.4 5.5 2521 | 314 36.6 18.3 104.9 5 2715 16.1 12.8 12.5 44.9 5.6
16 |3 1926 10.4 10.0 6.4 28.6 3.1 2610 | 11.7 14.6 6.9 37.3 1.4 2495 | 7.5 5.7 6.1 15.9 2.8
16 | 4 2067 12.3 10.9 8.6 32.5 3.8 2432 13.1 16.2 7.4 48.7 0.5 1830 [ 4.8 5.0 33 14.1 0.9
16 |5 1995 7.9 16.2 4.0 20.7 0.6 2882 | 7.0 11.2 2L 30.5 0.4 2067 | 4.2 4.2 28 115 1.0
16 | 6 2796 10.2 24.8 3.4 40.0 0.8 2695 16.1 19.7 7.2 54.5 2.3 2850 | 3.7 6.2 1.6 15.8 0.2
16 | 7 2826 5.1 13.9 2.1 19.4 0.1 1345 12.0 16.2 4.8 45.2 0.6 2946 | 14 2.1 0.9 4.1 0.2
16 | 8 2916 5.5 6.1 3.4 18.4 0.6 1652 [ 9.1 12.5 B 37.9 1.1 2949 | 6.8 14.7 24> 48.2 0.5
16 | 9 927 31.1 30.9 21.9 96.2 3.2 2699 19.3 23.9 10.8 67.1 3.29 2595 | 21.0 60.2 58 78.4 2.0
16 | 10 1829 25.4 22.9 19.4 63.9 3.4 2797 18.5 24.6 11.1 58.0 2.4 2884 | 11.0 11.8 7.8 31.1 2.8
16 | 11 1889 29.1 39.8 13.0 109.2 2.1 2687 18.1 20.2 11.6 54.4 2.5 2111 14.2 12.5 10.1 41.8 3.6
16 | 12 2627 44.4 45.9 133.1 3.3 2474 | 56.6 70.8 164.1 1.665 2128 | 24.0 21.1 19.85 55.7 4.8
17 |1 2613 29.7 31.0 185 90.7 3.9 2500 | 53.1 63.6 190.1 5.9 2602 19.9 14.9 15 48.0 5.9
17 [ 2 2658 28.8 25.9 24138 79.9 4.0 2332 190.5 300.1 924.2 8.7 2627 19.6 14.7 15.8 47.6 5.0
17 13 546 16.9 17.8 10.3 51.8 4.1 2643 | 51.0 106.9 15.8 212.9 2.6 86 15.6 5.5 14.9 25.7 8.3
17 | 4 2773 20.7 20.6 13.0 56.0 3.9 1759 | 46.5 64.0 20.4 180.9 1 1766 | 16.2 10.0 13.6 36.3 6.1
17 15 860 17.5 17.8 11.0 53.6 1.0 2710 ] 123 17.1 6.1 48.7 1 2316 | 10.7 8.0 8.8 26.1 2.3
17 | 6 60 13.2 11.5 7.4 31.7 1.4 2768 | 8.6 12.6 35 353 0.3 2100 | 10.6 10.1 7.4 31.8 1.4
17 | 7 2947 7.0 10.9 3.6 27.3 0.7 1801 [ 85 13.4 3.2 34.4 0.1 1039 [ 6.9 9.1 4.1 24.4 1.5
17 1 8 2958 16.5 334 7.1 54.7 1.3 2434 | 9.5 13.5 B 38.0 0.2 1911 11.7 13.4 6.8 40.9 1.4
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Yr | mnth | Logger1 Logger 2 Logger 3
n Mean | StDev | median | 95th%ile | 5th%ile | n Mean | StDev median | 95th%ile | 5th%ile | n Mean | StDev | median | 95th%ile | 5th%ile
17 | 9 1930 29.4 56.5 11.4 121.2 2.4 767 18.1 25.8 9.4 55.6 0.6 1509 | 7.8 13.9 3 334 0.7
Annual Summary
15 7915 29.2 38.6 16.1 98.3 3.9 8035 32.2 44.1 18.4 105.7 2.7 9030 15.1 16.0 10.4 46.6 2.2
16 26290 17.7 27.9 7.6 70.3 0.9 29528 19.8 31.9 9.3 70.8 1.1 30396 11.1 22.8 5.6 38.3 0.6
17 17345 20.9 31.2 10.5 69.5 1.6 19714 45.8 127.8 11 182.0 0.6 15956 13.9 13.1 10.2 40.4 1.6
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3.2Sourced and derived data

3.2.1 Wind Speed and direction

The wind speed and direction data for the Birsbane airport was sourced from the Bureau of
Meterology. The last 14 months of daily summaries only is available (August 2016 — September
2017).

The maximum daily wind speed and direction was disaggregated to apply to all 15 minute time steps
for the record. The wind direction was converted to four primary prevailing wind directions (N, E, S,
W).

3.2.2 Rainfall

Daily rainfall data for the Brisbane Airport was used for the period august 2016-september 2017. The
daily rainfall data for Cleveland (from SILO point drill) was used to represent rainfall from September
2015 — August 2016).

3.2.3 Ferry times

The possible passing of ferry times was based on the ferry timetables for the North Stradbroke Island
vehicle ferry and the bay islands vehicle ferry (https://www.stradbrokeferries.com.au/timetables/).

The arrival times for the North Stradbroke island vehicle ferry were estimated based on the Dunwich
departure times +50 minutes as the advertised travel time.

In order to develop a time series represent when the ferries would pass logger 2 (which is 5 minutes
travel time from the ferry terminal) each of the ferry arrival times was reduced by five minutes and
each departure time was increased by five minutes. A data set was then created at the same
15minute time intervals as the turbidity logger data. Each record presents a score of potential ferry
impact at the site. The scoring schema used was:

Score = 3 if ferry passed within 0-5 minutes of logger sample time
Score = 2 if ferry passed within 5-10 minutes of logger sample time
Score = 1 if ferry passed within 10-15 minutes of logger sample time

Score = 0 if ferry passed logger >15 minutes from sampling time

Page 8 of 13



The ferry impact series takes account of the varying Ferry timetables for different days of the week
(mon-thur, Fri, Sat, Sun). the ferry series does not take account of public holiday timetables.

3.2.4 Tidal data

The hourly measured Brisbane bar height (data sourced from
https://uhslc.soest.hawaii.edu/data/?fd#uh331). The hourly water levels where linearly interpolated

to give an approximate water level at the 15 minute turbidity sampling intervals.

Where low tide was specifically analysed, this has been assessed as the lower 1/3 of water levels
across the analysis period.
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4 Analysis

The basic approach for the analysis was to determine the impact if any of local ferry traffic on
turbidity levels. The turbidity values are high variable through time. The first steps of this anslysis
where therefore to identify and remove the effect of rainfall and wind induced wave action from the
turbidity data. The residuals (turbidity not due to rainfall and wind) were then considered in terms
of the potential contribution to the turbidity from local ferry movements (particularly at low tide).

4.1Effect of rainfall on Turbidity

The first consideration was to look at the effect of large rainfall events on the local turbidity either
through major river outflows (multiple day impacts) or local stormwater impacts (single day). The
overlay of rainfall timeseries and turbidity data showed no clear relationship (see Figure 3). Similarly
a correlation test between rainfall and turbidity showed no significant relationship (slope of best fit
not significantly different from zero (@P<0.05).

Figure 3: There is no discernible pattern between rainfall and the local turbidity values over the data collection period.

Given the low overall correlation between rainfall and turbidity, rainfall was not considered further
in the analysis.

4.2Effect of wind direction

The dominant wind direction was divided into four wind quadrants (N, E, S, W) for the 13 month
period of available wind data. For each of the prevailing wind direction subsets of data, the
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correlation between the speed of the maximum wind gust for the day and the logger2 turbidity
values was tested.

Table 4 shows that the relationship between wind speed and turbidity for logger 2 was significant
(P<0.05) for each quadrant, however the predictive power was very low (low R?). The exception is
the wind from the south which describes around 12% of the variance in turbidity. The reason for this
higher correlation with southerlies is because the wind speed range for southerly was lower (max
wind gust ~60km/h — compared to a 156km/h gust from the north).

To further explore the influence on wind direction and speed on turbidity, each of the four quadrant
datasets was further subset to only include turbidity observations taken in the bottom third of the
tide. The hypothesis here is that wind speed and direction is the primary driver of wave action in
Moreton Bay. At low tide, the depth to the bay bed on average is reduced, increasing the
opportunity for wave derived sediment resuspension during windy days. There was very little
difference in the variance in turbidity explained by wind speed for the low tide subset data.

Given the low overall correlation between turbidity and wind the influence of wind direction and
speed was not considered further.

Table 4: wind quadrant analysis summary

Wind Quadrant Number of turbidity Adjusted R2 for P value
samples correlation

N 12263 0.0264 1.64E-73

E 6277 0.01267 2.26E-19

S 8760 0.1245 1.8E-255

W 3071 0.030778 7.20E-23

4.3Tidal impact

One would expect a greater turbidity value at low tide, simply due to wave action interacting with
the bed. Figure 4 shows a regular pattern of turbidity spike in logger 2. However this does not
maintain an in-phase association with the tidal cycle. A regression analysis between water level and
logger 2 turbidity gives a significant P value (p<0.05) however the variance in turbidity explained by
water level is very low (R” 0.011). We further partitioned the data to just look at this relationship for
low tide (bottom 1/3 of the tidal cycle). The r2 was slightly improved but still very low (R* 0.015)
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Figure 4: effect of tide on Logger 2 turbity. Turbidity spikes roughly coincide with low tide, but there are several exceptions.

4.4Ferry impact

Logger 2 is located very close to the main ferry channel. This analysis is to consider how the turbidty
values are correlated with the time since ferry passing. The purpose of the analysis is to determine if
the ferries are significantly increasing the turbidity. From Figure 5 there is no obvious relationship
between ferry passing and turbity levels. This is demonstrated by a correlation check (R* 0.0015).
Even if we only consider the low tide (bottom third of tidal range) then the effect of ferry passing
only explains about 0.6% (R*=0.006) of the variation in turbidity values.
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Figure 5: ferry impact (grey bars) shows no correlation with turbity. There appears to be no strong tidal influence.
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1. Introduction

The Toondah Harbour Priority Development Area (PDA) was declared at the request of Redland City Council
(RCC) on 21 June 2013. Planning of the Toondah Harbour PDA has been managed by the Minister for
Economic Development Queensland (MEDQ) in partnership with RCC.

The Toondah Harbour PDA is located on the southern shores of Moreton Bay in Cleveland, approximately one
kilometre east of the Cleveland CBD. The PDA covers landholdings located at Middle Street, Cleveland and
covers a total area of approximately 67 hectares, including 17.5 hectares over land and 49.5 hectares over
water within Moreton Bay.

It is a recognised boat landing and acts as the point of departure and arrival for vehicular ferry and water taxi
services between the mainland and North Stradbroke Island. The area is also comprised of residential and open
space.

Development of the PDA provides an opportunity to support economic development and will seek to reinforce
Toondah Harbour as a community focus and a regional gateway to Moreton Bay and North Stradbroke Island.
Development will include opportunities for mixed use and medium density residential development as well as
tourism and retail based development, dedicated ferry terminals, public open space and the potential for a
private berth marina.

The public notification and submission period for the Toondah Harbour PDA Proposed Development Scheme
was undertaken from 10 January to 24 February 2014. This period coincided with the public notification of the
Weinam Creek PDA Proposed Development Scheme which is also within the RCC Local Government Area.

Following the end of the public notification, submissions received were considered by the MEDQ and RCC and
the proposed development scheme was amended as considered appropriate in response to issues raised. This
report has been prepared to summarise the submissions received by the MEDQ and RCC, provide information
on the merits of the submissions and the extent to which the proposed development scheme has been
amended.

The MEDQ and RCC engaged with state agencies in the drafting of the development scheme and have
incorporated comments where appropriate.

The MEDQ has now made the development scheme which is available to view on the Department of State
Development Infrastructure and Planning (DSDIP) website at www.dsdip.qld.gov.au/toondahPDA. The MEDQ
will publish a notice in the local newspaper advising the public of the approval of the scheme. Additionally each
person who made a submission during the submission period will be notified that the scheme has been
approved and that this report and the development scheme can be viewed on the DSDIP website.
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2. Overview of public notification process

2.1. Community engagement

The public notification and the submission period for the Toondah Harbour PDA Proposed Development
Scheme was held from 10 January to 24 February 2014. A structured program of community engagement
undertaken involving a range of approaches and media as follows:

e Council and state government officers have undertaken engagement on the PDAs since May 2013,
including speaking directly with stakeholders and holding engagement sessions on the mainland and
islands.

o Both the RCC and DSDIP websites and a dedicated developer's website Redlands Open for Business and
Investment included frequently asked questions and information about the project. The DSDIP website also
provided an online submission portal and the proposed development scheme for download.

e Hundreds of online comments were received via the DSDIP online portal, RCC website, Have your say
website and through the interest register, which was set up in May 2013.

o Over 20 meetings have been held with key stakeholders for both Toondah Harbour and Weinam Creek to
discuss issues, concemns and opportunities since June 2013.

o Widespread community consultation on the PDAs has included:
o 10 community forums

website information

online submissions

ongoing interest register since May 2013

five community mail-outs

advertisements in local and state wide media

O 0O O O o o

posters and other advertising at ferry terminais and on ferries

stakeholder meetings

O

o articles in city wide RCC magazines and e-newsletters

o Australia-first technology that allows a 3D view of the potential development in each PDA

o telephone survey of 300 people

o radio interviews (Bay FM and ABC)

o display of the proposed development schemes throughout the statutory consultation period at
14 local libraries and three major Redlands shopping centres.

Three community information forums were held for the Toondah Harbour PDA Proposed Development Scheme,
which were well attended. The locations of these forums were:

e Saturday 1 February 2014, 1pm - 3pm at Island View Cafe, Toondah Harbour Ferry Terminal

e Friday 7 February 2014, 3.30pm - 5.30pm at Island View Cafe, Toondah Harbour Ferry Terminal

e Saturday 8 February 2014, 1pm - 3pm at Dunwich Community Hall, Dunwich, North Stradbroke Island.

Other speaking engagements and presentations to key stakeholders were also provided to explain the
development scheme.
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2.2. Submission registration and review process

Submissions were received in hard copy at community information forums, by post, email, fax and via the online
submission portal. Once a submission was received, submissions were registered and reviewed. This process

was established to:
» consider all submissions in an objective, equitable and fair manner
e assist in the preparation of the submissions report

e provide guidance and advice to the Minister and the RCC in respect of preparing the final development
scheme

e enable the Minister to comply with the requirements of the Economic Development Act 2012 (ED Act).

All submissions were treated as confidential. Some individ‘ual submitters chose to make the contents of their
submissions public.

Where duplicate submissions were received which were exactly the same from the same submitter, the
submission was counted only once. |f a submitter lodged more than one submission covering different issues,
the submissions were counted as separate submissions.

An EDQ submissions database was established to assist in the registration, classification and summary of
submissions.

Table 1 below provides an overview of the submission registration and review process.
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Table 1: Submission registration and review process

Step

Action / detail

1: Registration and
acknowledgement of submissions

Submissions were registered and given a submission number
Submitter was sent an acknowledgement letter

2: Classification of submissions

Submissions were classified by location, submitter and submission type.
For further information see Section 3 below.

3: Summarising submission
issues

Each submission was read and the different matters raised were entered
into the submissions database under relevant topics. The database was
then used to summarise and collate the matters raised into the
Submissions Report.

Each submission often covered a number of topics or issues, therefore
allowance was made for the same or similar issues being raised in a
number o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>