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CHAIRMAN’S PREFACE

Welcome.

The release of this Environmental Impact
Statement (EIS) is an important milestone in
the creation of the Ceduna Keys Project.

As a result it is the most significant audit ever
done on the Ceduna coastal environment.

The project has been developed as a private
sector initiative to develop canal and marina
living in this desert coastal location.

The project however has a much greater
community impact.

• It will expand lifestyle and commercial
opportunities in Ceduna and the State of
South Australia.

• It will add a Community Centre, including
Sporting and Aboriginal cultural interpretive
facilities.

• It will aid the development of the vital commercial fishing industry in this area of the state.

• It will encourage the establishment of a Fishing Academy, Tourism and Convention facilities.

The provision of this additional infrastructure goes beyond the scope normally offered by the
private sector and will involve negotiation with state and local government bodies to access
appropriate grants and assistance.

This will allow Ceduna Keys to achieve its objectives in all parts of this vital multi- faceted project
as soon as possible.

I thank the consultants, the Ceduna Council, the Eyre Regional Development Board and the
directors of the CMDC Board who have assisted in the preparation of this document and who
have worked closely with all agencies to present this EIS for evaluation.

David Kelsey
Chairman CMDC
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THIS REPORT

This Report is prepared as an Environmental Impact Statement (EIS) in respect to the Ceduna Keys Marina
Development which has been declared as a Major Development by the Minister for Urban Development and
Planning under the provisions of Section 46 of the Development Act 1993.

THE PROPOSAL

The proposal is for a coordinated and ‘master
planned’ development comprising a commercial
and recreational marina, together with a waterfront
residential subdivision comprising some 380
allotments, 250 additional waterfront apartment
sites, a community centre providing for a range of
cultural, recreational and leisure activities, and
tourist facilities including interpretive,
accommodation, entertainment and limited retail
opportunities focused on convenience shopping.

Whereas the proposal plan initially submitted and
the subject of the Issues Paper and EIS Guidelines
document showed development along the western
peninsula, this component referred to as Release
12 is no longer proposed and is deleted from the
plans.  This deletion has been in response to
matters raised with respect to the environmental
sensitivity of this locality and as a result of
negotiations in respect of native title.

The proposal also involves the construction of two
breakwaters in order to provide shelter to a
waterway system via a designated channel,
together with the realignment of sections of the
Eyre Highway and Denial Bay Road.  Extensive
infrastructure works are proposed which will include
the extension and augmentation of public utilities
such as water and electrical power, together with
works for stormwater and wastewater collection,
treatment and re-use both on the subject land and
the adjacent public golf course.

It is proposed to implement the proposed
development in 2 main stages over a period of 10
years.  The community centre is to be undertaken
as part of Stage 1.  Negotiations are continuing with
relevant stakeholders in order to determine the
exact implementation schedule.

Upfront works that are part of the initial stage
include the breakwaters, the channel, the
waterways, the realignment of roads, the
commercial and recreational marinas together with
supporting infrastructure services.  The first stage
of the residential development is to involve the
construction and release of 126 allotments plus 180
waterfront apartment sites.

Allotments would be released according to market
demand, with initially committed allotments
absorbing identified latent demand, with subsequent
releases in smaller batches.

COUNCIL’S ROLE & OBJECTIVES

The District Council of Ceduna has taken a
leadership role in the economic development of the
Far West Coast region of South Australia by
initiating and then facilitating a development that
would further the burgeoning aquaculture and
tourism industries, support the existing fishing
industry, respond to the strong demand and
preference for waterfront and lifestyle housing and
result in a valuable community centre.

The development will provide a focus for significant
capital investment in property, industry and public
infrastructure.

More specifically, the Council has the following
Objectives for this project:

· to provide a safe haven for the fishing fleet;

· to encourage investment in the town and inject
vitality into the growing aquaculture and fishing
industry;

· to capitalise on and encourage further
investment of tourism in the area;

· to foster self-determination in the areas of
cultural interaction and protection;

· to strengthen partnerships and further develop
and promote the reconciliation process within the
community;

· to maximise employment and education
opportunities for local Aboriginal people and wider
community;

· to develop appropriate opportunities for industry
development in cultural heritage interpretation
and cultural tourism.
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SITE SELECTION

In selecting an appropriate site for such a
development a range of criteria or tests were
applied in order to identify the various cost / benefits
of each option.  The site selection criteria adopted
by the Council sought to identify a site that:

· was not of high environmental sensitivity or
biodiversity conservation value

· would enable the restoration of land and
minimisation of impacts on the natural
environment

· was adjacent to or in close proximity to the
existing Ceduna township to avoid fragmentation
of population and duplication in the provision of
goods and services

· would maximise the use of existing physical
infrastructure and public utilities and assist in the
achievement of a ‘critical mass’ or capacity to
increase or improve the current level or
standard of provision

· would integrate with the existing township of
Ceduna in a manner that would enable good
access but not compromise the inherent and
valued character and amenity of Ceduna

· was of a suitable size so as to allow for the
provision of a commercial wharf facility,
residential development and a community
centre in a planned and efficient manner that
would not compromise or conflict with existing or
future commercial or industrial development

· was accessible by the commercial fishing fleet
and vessels used in the aquaculture industry,
together with recreational craft

COUNCIL & THE PROPONENT

Following Council’s initiation of the proposed
development, a preferred Proponent was chosen
by Council to proceed with the development subject
to various rights and responsibilities as reflected
with an initial Heads of Agreement, a Development
Agreement, and a Management Maintenance and
Monitoring (MMM) Agreement.

The selection of the Proponent was undertaken
following a prudential review process pursuant to
the provisions set out in Section 48 of the Local
Government Act, 1999 for development exceeding
$4M in value.  The Business Plan arising from this
review assessed issues of commercial risk and
return.

Council and the Proponent have also negotiated a
draft Land Management Agreement (LMA) which
will flow on to subsequent purchasers that
encumbers the land in respect to the initial
construction and management of the development.
This LMA is to be prepared as a formally registered
Deed Agreement pursuant to Section 57(5) of the
Development Act.

In addition to the LMA which is an agreement
between the Proponent, the Council and
landowners, a Management, Maintenance and
Monitoring Agreement is also proposed which shall
address a range of matters relating to construction,
operational, handover and ongoing obligations.  The
framework and subject matter for this MMM
Agreement is outlined in detail in Section 10 of this
report.  The MMM Agreement will be formally
proposed and affected between parties once
approval has been issued for the development.
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THE PROCESS

Following declaration of the proposal as a Major
Development under Section 46 of the Development
Act, the Major Developments Panel (an independent
statutory authority) determined the appropriate form of
assessment for the development, an EIS in this case.
The Panel also issued Guidelines for the preparation
of the EIS following the preparation of an Issues Paper
which had regard to submissions received as a result
of public and Government Agency consultation.

The decision of the Panel to require an EIS (being the
most rigorous assessment reporting anticipated
under Section 46) was made for the following
reasons:

· The magnitude of the development and the range
of activities proposed (including residential,
tourism, recreational, commercial and semi-
industrial uses);

· The general sensitivity of the coastal location;

· The potential impacts on coastal processes, the
marine environment (including offshore islands)
and the community;

· Significant infrastructure requirements, especially
the provision of an adequate water supply; and

· The economic implications and sustainability of the
proposal.

The Guidelines issued by the Major Developments
Panel have formed the basis for the preparation of this
EIS, which describes what is to be developed, the
likely environmental, social and economic effects, and
how the project will be managed.  A range of other
issues in respect to Native Title and Aboriginal
Heritage and Government Legislation and Policy are
also addressed in this EIS document.

Public Comment is to be called in respect to this EIS
via a statutory process conducted by Planning SA.  An
advertisement is to be placed in State and local
newspapers, which will indicate where copies of the
EIS are available for inspection and/or purchase.
During the nominated exhibition period, written
submissions may be made to the Minister for Urban
Development and Planning.                                                          

 

Assessment Report prepared by the Minister and 
made publicly available 

 

Final decision by the Governor or delegated 
authority 

 

Written response from the proponent 

 

EIS, PER or DR publicly exhibited and agency/ 
public comments made 

 

EIS, PER or DR prepared by proponent 

 

Panel decides level of assessment, sets 
Guidelines and advises the Minister 

 

Major Developments Panel prepares Issues Paper 
and invites written submissions 

 

Proponent’s application is lodged 

 

Minister’s Declaration of Major Development or 
Project status in Government Gazette 
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ENVIRONMENTAL ISSUES

This EIS addresses a range of environmental
issues in respect to the construction and
management of the proposed development.
These issues are

more particularly outlined in some detail under
various topics or headings ranging from coastal
processes and sea level rise to the management
of pest plants and animals.

Significant research has been undertaken and
presented in respect to biological processes
(marine and terrestrial flora and fauna), water
quality in Murat Bay and the waterways, water
sensitive urban design and stormwater
management, management of wastes and
effluent, together with issues of groundwater,
effects on land, air quality, noise and energy
efficiency.

While the proposed development would have an
effect on the natural environment in so far as its
physical form and ongoing use is concerned,
potential impacts may be successfully avoided,
appropriately mitigated and/or suitably managed
such that serious environmental harm may not
occur.  Impacts on and beyond the site of the
development are not considered so significant as
to not proceed with the development in the form
proposed.

In particular the proposed development would:

· suitably accommodate predicted sea level
rise with appropriate building levels and
engineering responses;

· not result in significant disruption of sand
movement and the build up of seagrass such
that would impact on the function of Murat Bay
and its enjoyment by other users;

· result in some loss of native vegetation,
however not of key biodiversity conservation
significance;

· result in a relatively minor impact in the
context of Murat Bay and the surrounding area
in terms of habitat for birds, reptiles and
amphibians, mammals and other terrestrial
invertebrates;

· not result in significant impact on marine
communities beyond the development site in
terms of intertidal and subtidal flora and fauna;

INVESTIGATIONS UNDERTAKEN

In the preparation of this EIS a range of
preliminary and supporting investigations have
been undertaken by a range of experts in their
field.  The results of these investigations are
presented in the EIS with conclusions drawn as
to the likely or anticipated effects arising from this
development.  The various reports issued by
these experts and other supporting documents
relied upon in the preparation of this EIS are to be
made available as part of the public consultation
process.

The following working papers have been relied
upon in the preparation of this EIS:

· Engineering Assessment – Dare Sutton Clarke
Engineers, August 2004 incorporating Coffey
Geosciences Preliminary Geotechnical
Investigations

· Preliminary Environmental Assessment – Eco
Management Services Pty Ltd, 2004

· Biodiversity Survey, Delta Consulting February,
2005

· An Assessment of Ceduna Keys and Ceduna
Coastal Centre Development Plan, Volume 1 &
2 – The South Australian Centre for Economic
Studies, February 2001

· Coastal Engineering Study – John Chappell
Engineers, 2004
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· suitably monitor and manage the development of
marine biological communities within the marina
and waterways of the development;

· achieve and maintain suitable water quality in
waterways and Murat Bay via the management of
marina activities, with suitable turnover and flushing
without mechanical or other artificial intervention;

· suitably manage urban runoff and stormwater with
a range of engineering responses including
detention basins such that only 20% of total
stormwater load in peak periods would be directed
to the waterways with such water having passed
through gross pollutant traps;

· suitably monitor and protect water quality with a
range of management and response measures to
be integrated with the South Australian Shellfish
Quality Assurance Program (SASQAP);

· implement water sensitive urban design measures
including on site water collection and treatment of
effluent for reuse;

· not result in the contamination of land or
groundwater to the detriment of the natural
environment or other users;
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· suitably manage waste and effluent both from
commercial and recreational vessels within the
marina, residential, commercial and tourist
uses;

· incorporate suitable landscape planting and
revegetation together with management of pest
plants and animals within and surrounding the
development;

· not result in significant risk in terms of bird strike
at the Ceduna Airport;

· seek to limit impacts in respect to air quality and
noise both during construction and thereafter;
and

· implement energy efficiency approaches in
residential, commercial and tourist development.

It is important to consider that the proposed
development would not result in a dramatic or
unsustainable increase in population within this
location.  It should be noted that the population
anticipated as a result of the proposed development
would assist in correcting the decline experienced
by Ceduna in recent years.

An Artists impression
of the overall development.



The proposed development will require significant
investment in infrastructure such as roads,
electrical supply, water supply, sewage treatment
and the like.  Development of the scale proposed
will assist in the delivery of services to the
standards expected by the community in terms of
contributions towards extensions and
augmentation.  The proposed development has
taken into account the economic feasibility of
providing such services and the costs associated
with extension and augmentation.

Council is to be protected in terms of the risks
associated with long term costs of management
and maintenance of the facilities to be developed
such as breakwaters, revetment walls and
waterways.  The Proponent and the Council will
enter into a Management, Maintenance and
Monitoring Agreement that will identify the standards
of repair, frequency of maintenance and appropriate
response contingencies for a specified period of
time.

It should also be noted that the proposed
development will generate a significant rate basis

SOCIAL  ISSUES

As required by the Guidelines document, the EIS
addresses the likely social impacts arising from the
development on the community both within the
development, the town of Ceduna and the
surrounding district.  Issues ranging from the
availability of a construction workforce and impact
on local employment, to the effects on existing
industries and public infrastructure have been
considered and addressed.

More particularly, the proposed development would:

· result in an estimated 130 employees in the first
years of the project with a strong representation
in terms of semi-skilled operators and labourers;

· assist in increasing employment opportunities
for Aboriginal people both in the construction and
operational stages of the development;

· change the visual appearance of the locality but
nonetheless result in an attractive and pleasant
amenity for the enjoyment of all;

· not give rise to operations that may detract from
the amenity of the locality in terms of
commercial and industrial activities;

· have essentially a residential character typical of
a waterway style development with focal points
in the marina facilities and other public spaces;

· be integrated with the township of Ceduna via
not only the road network proposed but also via
linear open space connections that would allow
for walking and cycling trails along the coast and
through the golf course;

· have a generally positive impact on the lifestyle
and character of Ceduna offering increased
choice in the housing market and stimulating
economic growth;

· suitably manage traffic movements along the
Eyre Highway during construction;

· not prejudice nearby communities in terms of
access to Ceduna via Denial Bay Road and the
rerouted Eyre Highway;

· facilitate the relocation of the Quarantine Station
further to the north along the Eyre Highway;

· assist in achieving a scale or critical mass so
as to maintain or improve the current level of
public and private services offered to the
community of Ceduna;

· provide a safe haven for recreational and
commercial boating;

· better facilitate the burgeoning tourism industry
with an opportunity for a tourism interpretive
centre that may act as a hub or focus for
visitors;

· not have a deleterious effect on the shellfish
industry conducted in Murat Bay given the
measures to ensure water quality;

· not frustrate or impact upon the continued use
of adjoining land including the Aboriginal
homeland settlement at Yarilena;

· provide public access through the development
and access to a range of facilities including
public open space, sporting and recreational,
tourism and community facilities; and
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NATIVE TITLE & ABORIGINAL
HERITAGE

Based on the fieldwork and research undertaken to
date, it would appear that the proposed development
would not seriously impact upon designated sites of
Aboriginal cultural heritage significance.
Notwithstanding these preliminary investigations, a
more comprehensive archaeological and
anthropological survey and clearance is to be
undertaken according to a process chosen by the
aboriginal communities.

The District Council of Ceduna and the Proponent
have commenced negotiations with the aboriginal
community for the progression of the development
over portions of the land that are the subject of
native title claims.  Due process is being observed
in pursuing the ability to develop on this land, which
has included consideration, by the National Native
Title Tribunal, with discussions continued under the
Statewide Indigenous Land Use Agreement (ILUA)
process.

from the property investment that should provide the
necessary capacity to undertake works as required.
The Development Agreement between Council and
the Proponent specifies that a minimum of 15% of
rates generated within the proposed development is
to be spent within the development.

The facilities to be provided to the fishing and
aquaculture industries will significantly enhance the
existing operation of these industries and provide
the necessary infrastructure to enable the growth
and diversification of these industries.  In
combination with the facilities proposed at
Thevenard, Ceduna will reduce the current leakage
in economic activity that is occurring as a result of
not having suitable facilities.

Such growth in the fishing and aquaculture
industries will occur within existing legislative and
management regimes put in place by the State in so
far as achieving a sustainable use of resources
through long term management.  These checks and
balances will assist in ensuring that the natural
resources available within the region continue to be
accessed in a sustainable manner.
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LEGISLATION & GOVERNMENT
POLICY

From preliminary investigations, the proposed
development does not trigger the need for an
approval under the Environment Protection and
Biodiversity Conservation (EPBC) Act 1999 in
terms of the proposal being a controlled action.

Some bird species identified within the
Biodiversity Survey are identified as species of
significance under this Act, albeit that the extent
of disturbance resulting from this development
in context within which these species are found
is considered to be minor.  The species
referred to within the study are not opercular to
the development site and are found more
generally within the recorded area of a 1-degree
block (approximately 3600 square kilometres).

The proposal is considered to be consistent
with and would further the achievements of the
State Strategic Plan in terms of having a
generally positive outcome in relation to the six
key topics:

· Growing prosperity;
· Improving wellbeing;
· Attaining sustainability;
· Fostering creativity;
· Building communities; and
· Expanding opportunities.

The proposal is also considered to be in accord
with the objectives and strategies identified
within the Planning Strategy for Regional South
Australia as addressed in some detail within
this EIS.  So too, the proposal is considered to
be generally in accord with and not seriously at
variance with the relevant provisions of the
Ceduna (DC) Development Plan.

Appropriate changes are also to be pursued to
the Development Plan in order to provide a
more detailed and clearer framework within
which the development may occur over time,
including restrictions in terms of the amount of
retail floor area allowed outside the Town
Centre.

Page 14 - Ceduna Keys EIS Executive Summary

Ceduna Keys Site



Page 15 - Ceduna Keys EIS Executive Summary

Construction Sequence Stage A Construction Sequence Stage B

Construction Sequence Stage C Construction Sequence Stage D

ENVIRONMENTAL MANAGEMENT - CONSTRUCTION & OPERATION
A key component of this Environmental Impact Statement is providing the preliminary structure and details
under which the proposal is constructed and thereafter operated.
An Environment Management Plan (EMP) is to be prepared following the EIS which will address in particular
detail the manner in which construction will occur and the ongoing operation of the facility including monitoring
and management/response contingencies to avoid, manage or mitigate environmental impact.

The Construction component of the EMP will address:
· construction sequence (a four stage construction sequence is proposed);
· soil erosion and drainage management;
· entrance channel & breakwater construction;
· the potential for acid sulphate soils;
· storage and disposal of spoil;
· weed management;
· protection of people and property;
· protection of existing vegetation; and
· monitoring and reporting during construction.
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EXTENT OF DREDGING AND LOCATION OF THE ON-SHORE HOLDING AND SEDIMENTATION BASINS

The Operational component of the EMP will address the following:
· infrastructure maintenance;
· spill contingency;
· floating debris;
· vessel speed control;
· terrestrial and marine pest plant and animal control;
· maintenance dredging; and
· management and reporting.

While the general approach and desired outcome or objective is outlined within the EIS, the exact detail in
terms of implementation will be more particularly documented within the EMP prior to the call for tenders for
construction.  The EMP will form an integral component of the project management contract to be observed
and satisfied during construction and thereafter.



CONCLUSION

The proposed Ceduna Keys Marina development represents a significant
opportunity for Ceduna to be a major focus for economic development and social
activity in this Far West Coast region of South Australia.

As the proposal will be centred on the development of a commercial marina and
wharf facilities, it will facilitate and support a burgeoning aquaculture industry, the
existing fishing industry and a very important tourism industry at the gateway to
and from the west coast of South Australia.

In combination with a coordinated waterway residential development and a
comprehensive community centre incorporating cultural, recreational and leisure
facilities, significant social and economic benefits may be derived in a manner that
minimises and manages environmental impacts.

The proposal is a rare opportunity to facilitate a multi facetted development that
will, in its final form, satisfy a range of existing and anticipated needs within the
community in terms of a living, working, recreational and cultural environment.
The economic capacity of a project of this nature provides the necessary vehicle
to provide a range of uses and activities that may otherwise not be provided in a
town such as Ceduna unless significant public expenditure is committed.

If the opportunity to attract investment and industry in Ceduna is not pursued, there
is a significant risk that the fishing and aquaculture industry will be attracted to
other regional areas such as Western Australia. Fishing industry representatives
have indicated that communities such as Esperance are already actively trying to
attract a large proportion of the South Australian fishing fleet to Western Australia.
Ceduna, and South Australia simply cannot afford any more leakage in terms of
investment and employment particularly, when the industry is making a significant
contribution to the State’s GDP.

The ability both economically and physically to provide a suitable marina facility for
the commercial fishing and aquaculture fleet would be frustrated should this
development not proceed.  The proposal presents a facility that will meet the
existing and future needs of both the fishing and aquaculture industries in a
manner that is efficient and effective in providing the necessary safety and
convenience to operators.  A facility elsewhere may not be able to satisfy identified
need to the same extent.

The ‘master planned’ approach to this proposal will provide the necessary
structure and guidance to the staged implementation of this development.  In the
absence of an overall approval for this development, individual components may
be proposed and occur in a less than optimum manner such that the same level of
efficiencies and economies, particularly in respect to infrastructure provision, may
not be achieved.  Approval as a Major Development will provide the necessary
certainty and flexibility that will satisfy private, government and in particular,
community interests.
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WHERE TO FROM HERE?

As provided for by Section 46 of the Development Act, the Major Projects
Development Panel as an independent statutory authority, has set Guidelines
for the preparation of the EIS following the consideration of public and agency
comment in respect to an Issues Paper.  The EIS has been prepared in
accordance with the Guidelines.

There will be a further opportunity for public comment on the project once the
EIS is released for public exhibition.  Submissions are to be directed to the
Minister for Urban Development and Planning, the Hon. Paul Holloway, MLC.  A
public meeting will also be held during the exhibition period.

Submissions received during the exhibition period will be provided to the
Proponent and a written response invited.  The Response Document will then
be provided to the Minister together with an Assessment Report, with a
recommendation to the Governor for the final decision.  The Response
Document and the Assessment Report will be made publicly available.

OTHER DOCUMENTS

Ceduna Keys
Marina & Community
Centre Development

Printed

Volume 1 - Environmental Impact Statement. (ISBN: 0-9757783-0-7)

Volume 2 - Working Papers. (ISBN: 0-9757783-1-5)

Digital

CD - Volume 1, Volume 2 and Executive Summary (ISBN: 0-9757783-3-1)
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 To explore, investigate and document these issues to avoid, mitigate and / or manage possible 
negative externalities, it is necessary to retain or enable a degree of flexibility in the manner in 
which the proposal is to be implemented over a designated time period.  Accordingly, it will be 
necessary to put in place contingencies or management responses in order to respond to 
identified scenarios through the life of the project from the initial excavations to the ongoing 
management and health of waterways. 

 
 The lessons learnt in other like situations have provided a depth of experience and range of 

capabilities that will assist in the management of risks that may ebb and flow to varying degrees 
depending on changing circumstances over the life of the project.   

 
 It will therefore not be possible to state in categorical terms in all instances as to the manner and 

outcome of all planned actions.  The extent of analyses and investigation undertaken, in particular 
scientific and engineering does however provide the necessary confidence level in order to 
proceed to implementation. 

 
1.4 Modifications to proposal since Issues Paper
 
In response to certain issues raised in the Issues Paper and subsequently as a result of 
discussions with government agencies and other groups, the proposal has been modified to 
address such issues.  The majority of the changes are minor in nature and seek to make better 
use of land, avoid or mitigate potential environmental impacts, and improve safety. 
 
Figure 1.3 overleaf indicates the modifications undertaken to the proposal.   
 
The following modifications and the reason for such are outline in the table below. 
 
 
Table 1.1 Modifications to proposal since Issues Paper 
 
 

 Modification Reason 
   
1 Deletion of “Stage 12”  To avoid environmentally sensitive location 
   
2 Creation of Development Lot To achieve better use of land 
   
3 Reinstate residential marina as waterfront 

allotments 
To achieve better use of land 

   
4 Straighten alignment of channel To improve navigation  
   
5 Delete Groyne To achieve a more efficient commercial 

marina (refer 7) 
   
6 Realignment of intersection To improve road safety 
   
7 Reconfigure commercial marina To allow for direct access by commercial 

fishing vessels  
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 The extent to which the development would further these regional Objectives, as expressed 
within documents such as “Directions for Regional South Australia – A Framework for Action”1, is 
set out in further detail within the economic assessment provided by the South Australian Centre 
for Economic Studies, provided as a source document in relation to this EIS.  

 
 This document sets out the response to the State Government to the report of the Regional 

Development Task Force, with the fundamental goal being “improving the economic, social, 
cultural and environmental well being of South Australia’s regions by assisting regional 
communities and their people to develop their potential fully.” 

   
 More specifically, the Council has the following Objectives for this project: 
 
 • to provide a safe haven for the fishing fleet; 
 
 • to encourage investment in the town and inject vitality into the growing aquaculture and 

fishing industry; 
 
 • to capitalise on and encourage further investment of tourism in the community; 
 
 • to foster self-determination in the areas of cultural interaction and protection; 
 
 • to strengthen partnerships and further develop and promote the reconciliation process within 

the community; 
 
 • to maximise employment and education opportunities for local Aboriginal people and wider 

community; 
 
 • to develop appropriate opportunities for industry development in cultural heritage 

interpretation and cultural tourism. 
 
 2.3 Relationship Between Council and Proponent 
 
 As a result of a Registration of Interest Process, the Council chose a preferred developer to which 

the right associated with this development would be assigned as reflected in a Heads of 
Agreement, Contract for Sale of Land and a Development Agreement.   

 
 In addition to the LMA which is an agreement between the Proponent, the Council and 

landowners, a Management, Maintenance and Monitoring Agreement is also proposed which 
shall address a range of matters relating to construction, operational, handover and ongoing 
obligations.  The framework and subject matter for this MMM Agreement is outlined in detail in 
Section 10 of this report.  The MMM Agreement will be formally proposed and affected between 
parties once approval has been issued for the development. 

 
 The selection process was undertaken following a review process to address prudential issues 

arising from development exceeding $4M in value, pursuant to Section 48 of the Local 
Government Act, 1999.  The Business Plan arising from this Section 48 Review identified 
amongst other considerations, issues of commercial risk and the business case for the 
development, in particular the residential component. 

 
 A draft Land Management Agreement (LMA) has been prepared between the Council and the 

Proponent which in turn will flow on and encumber property held by subsequent purchasers.  This 
LMA outlines various obligations, restrictions, powers and processes as a formally registered 
Deed Agreement pursuant to Section 57(5) of the Development Act 1993, to be registered on 
each Certificate of Title created as part of the division of land.  This LMA will also apply to use of 
the waterways and marina facilities.   

                                                     
1 Directions for Regional South Australia – A Framework for Action 
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 A copy of the draft LMA is provided at Appendix B. 
 

 Appended to the LMA are Design Guidelines and Use Obligations.  This document more 
specifically provides the special meaning of words, specifies land to which the guidelines apply, 
outlines the application process for approval under the agreement, and a range of specific 
requirements in respect to the following: 

 
 • Commencement on site 
 
 • Building controls during construction including management of wastes 
 
 • Building Design addressing 
 - Building envelopes 
 - Set backs to boundaries 
 - Location of outdoor living areas 
 - Finished floor levels and building heights 
 - Materials and finishes 
 - Roofing styles and materials 
 - Use of insulation 
 - Location of air conditioners, solar panels and aerials, antennae, etc 
 - Specific provisions for medium density housing 
 
 • Construction and use of jetties and mooring points 
 
 • Types of vessels permitted and manner in which such must be moored 
 
 • Fencing 
 
 • Lighting 
 
 • Use of rainwater tanks 
 
 • Landscaping 
 
 • Swimming pools 
 
 • Refuse collection 
 
 • Parking of vehicles 
 
 • Street front amenity 
 
 • Signage 
 
 • Use of land 
 
 • Use of waterways 
 
 • Boat maintenance and repair 
 
 • Maintenance of revetments 
 
 • Emergency access. 
 
 In addition to the LMA which is an agreement between the Proponent, the Council and 

landowners, a Management, Maintenance and Monitoring Agreement is also proposed which 
shall address a range of matters relating to construction, operational, handover and ongoing 
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obligations.  The framework and subject matter for this MMM Agreement is outlined in detail in 
Section 10 of this report.  The MMM Agreement will be formally proposed and affected between 
parties once approval has been issued for the development. 

 
 2.4 Major Development Assessment Processes and Decision Making 
 
 Section 46 of the Development Act 1993 sets out the procedure by which a ‘Major Development’ 

is to be assessed and determined given the project’s major environmental, social and economic 
importance.  The following Figure summarises this process in terms of the various steps to be 
observed. 
 
 Figure 2.1 Major Development Process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Assessment Report prepared by the Minister and 
made publicly available 

 

Final decision by the Governor or delegated 
authority 

 

Written response from the proponent 

 

EIS, PER or DR publicly exhibited and agency/ 
public comments made 

 

EIS, PER or DR prepared by proponent 

 

Panel decides level of assessment, sets 
Guidelines and advises the Minister 

 

Major Developments Panel prepares Issues Paper 
and invites written submissions 

 

Proponent’s application is lodged 

 

Minister’s Declaration of Major Development or 
Project status in Government Gazette 
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 The Major Developments Panel (‘the Panel’) referred to in Section 46 is an independent statutory 

authority that has the task of determining the appropriate form of assessment for a Major 
Development, and setting Guidelines for the preparation of the required assessment document, in 
this instance, an Environmental Impact Statement.   
 

 To assist in this process the Panel produced an Issues Paper on the proposal and invited public 
and Government Agency comment.  The Guidelines are prepared to assist the Proponent to 
provide the best level of information needed to assess the proposal, based on the significant 
issues relating to the development taking into accord the issues raised in the submissions. 

 
 This EIS has been prepared in accordance with these Guidelines and describes what is 

proposed, what environmental effects are anticipated, and how the Proponent plans to manage 
the project.  The issues raised in the Guidelines document have been addressed in detail both 
within the body of this report and the various supporting documents that contain the more specific 
and in depth research and analysis.  Where appropriate specific reference will be made to these 
detailed reports.   
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  The sub armour will be tipped onto the core and then placed by moving the rock into place 
by dozer on the higher sections and by excavator for the lower below sea level sections. A 
hydraulic excavator fitted with a rock grab attachment will place the final armour rock layer.  
Placement of these large rocks starts at the lower part of the breakwater and works up 
towards the top. 

 
  The breakwaters are then completed to their final design height without interference from 

the sea except during high tide events. 
 

  Some readjustment to the breakwater shape will occur during large storms. This is 
beneficial especially if it takes place during construction and helps to bed down the 
breakwater and minimise future movements. 

 
  Core materials will be sourced from a variety of locations including on site excavations in 

limestone materials, stockpiles of limestone in paddocks resulting from local farmland 
clearing activities and from local commercial quarries. 

 
  All armour rock will be sourced from local quarries. The sub-armour and outer armour will 

consist of a dark grey, angular, dense, hard and durable rock capable of withstanding the 
effects of salt water and wave action. 

 
  Subject to further investigations and design considerations, the breakwater is anticipated to 

have a height of in the order of +4.0m AHD at the entrance and on the southern side.  The 
western breakwater can reduce in height as it heads toward the shore, finishing at +3.0m 
AHD.  Access is to be restricted along these breakwaters. 

 
  Based on a typical ground level of 0.0 metres AHD the breakwaters will have an average 

footprint of 30 metres across diminishing to 5 to 6 metres at the top.  The breakwaters 
would have batters of typically 1 in 3.  A typical cross section or profile is provided at Figure 
3.4. 

 
  Culverts or pipes will be incorporated into the northern breakwater, to facilitate the drainage 

of the intertidal flats.  This will minimise the impact on existing drainage patterns and 
potential adverse effects on benthic species.   

 
   3.2.2 Entrance Channel 

 
  It will be necessary to connect the marina to deep water by a man-made channel designed 

to accommodate the expected marina traffic. A minimum water depth of 3.0 metres at the 
lowest tide (lowest spring water mark) throughout the channel length is proposed with a 
bottom channel width of 50 metres.  

 
 The local Admiralty Charts indicate that the length of channel required to achieve this will 

be about 800 to 1000 metres. 
 
  Due to the slope of the seabed inferred from the Admiralty Charts the depth of excavation 

for the channel would be a maximum of about 1.5m at the breakwater end grading linearly 
down to zero at the deep-water end as shown on Figure 3.5.  The possible extent of the 
proposed channel is indicated in Figure 1.1 of this Report. 

 
 To provide stability the sides of the channel will be laid back at a batter of 1 vertical to 3 

horizontal. 
 
 The total width of clearing required for the channel will therefore decrease from a maximum 

of about 60 metres at the breakwater end to 50 metres at the deep-water end. The total 
area cleared will be about 55,000 square metres or 5.5 hectares. 
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  Although the materials along the length of the channel have not been probed they have 
been observed by divers to be sandy on the surface and are of shallow depth. Cutter 
suction dredging would therefore be an appropriate method to excavate the sandy channel 
materials. The dredged materials will be pumped to on shore holding and settling basins 
and the water tested before release back into the bay. 

 
  A barge-mounted excavator will remove any material that proves too hard to be excavated 

by cutter suction dredge.  
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Figure 3.3 Location of Cross Sections 
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Figure 3.4 – Typical Breakwater Cross Section 
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Figure 3.5 – Channel Long Section  
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  3.2.3 Marina Waterways 
  
  The waterways are to be excavated in the dry using conventional earthmoving equipment 

such as hydraulic excavators and dump trucks to dig and cart the materials. After tipping 
the materials would be spread in layers by bulldozer and/or grader and then compacted to 
achieve engineered fill status using a vibrating smooth drum roller for sand or vibrating 
sheepsfoot roller for sandy clays. Refer to section 10 for further details of the construction 
process. 

 
  Preliminary calculations have determined that all material excavated will be used on site. 

Additional material, in particular rock and aggregates will be sourced from locations on the 
Eyre Peninsula. Rip rap walls are to be used for waterway edges together with a formed 
concrete edge similar in profile to that indicated at Figure 3.4.  This arrangement will 
suitably protect edges from wave action and wash from vessels.  Where necessary a geo-
textile matting will also be used to stabilise this area and avoid erosion through the 
disbursement of wave energy. 

 
  Based on the results of preliminary testing, it is expected that the bulk of the site-excavated 

material will comprise calcareous sandy soils.  This material is considered suitable for 
reuse as bulk allotment fill providing it is properly engineered.  Shell grit, sandy gravel and 
the upper 100 mm to 300 mm of mud or root bearing material is however considered 
unsuitable for reuse in engineered fill and should be stock piled and used for other 
purposes including landscaping. 

 
 The edges of the excavated waterways and the entrance channel will be laid back with 

batters ranging from 1 vertical to 2 or 3 horizontal depending on the materials encountered. 
The batters will be protected from erosion by dark grey, hard, durable rock (riprap) sourced 
from the same location as the breakwater armour rock. Preliminary geotechnical 
investigations have not identified any difficult soils and if these are encountered the 
affected batters will be stabilised by digging out the soils and replacing with selected stable 
material. Further details of the final landform, methods and sequence of construction, the 
protection of batters and edge treatments is provided in section 10. 

 
  Based on existing tide data, the total waterway volume between tide levels 0.59 m AHD 

and –0.61 AHD is 588,000 cu.m.  Over a 6-hour tide cycle this represents an inflow or 
outflow rate of 27.2 cu.m per second through the channel.  Assuming an average water 
depth of 2.5 metres in the channel this flow takes place at a very slow velocity of 0.21 m / 
second.  This basic calculation indicates that there would be an unrestricted exchange of 
water between Murat Bay and the waterways.  It is therefore considered that the exchange 
of volumes, can for the purposes of assessing water quality in the waterways, be directly 
related to tidal variations. 

 
  Research undertaken indicates that Murat Bay is well protected by the reef and islands at 

the entrance of the bay from coastal processes that take place seaward of Thevenard.  No 
significant coastal processes such as sand movement are taking place in the vicinity of the 
proposed development.  Sand movement is therefore not anticipated to be a significant 
issue both during construction and thereafter in terms of maintenance of an effective 
channel and waterway depth of 2.5 metres at low tide. 

  
 3.3 Commercial Marina 
 
 The proposal includes a Commercial Marina facility that would accommodate approximately 50 

vessels.  Vessels would range in size up to 22 metres and generally have a draft not exceeding 3 
metres.  The type of vessels would include a full range of commercial fishing boats, prawn, tuna 
and scallop fishing vessels and aquaculture crafts.  

 
 The location of the commercial marina in relation to other more sensitive land uses such as 

residential in terms of the potential for noise nuisance and sleep disturbance, has been 
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nominated to minimise such potential.  The extent of noise would be limited to loading and 
unloading activities together with the servicing and basic maintenance of vessels and would not 
extend to repair and overhaul activities that may generate off site impacts in terms of noise 
nuisance and environmental harm.  All ‘dirty’ port activities would be conducted at designated 
facilities elsewhere.  

 
 The commercial marina facility is to be designed, constructed and operated in accordance with 

the requirements set out in Planning SA Guidelines for Applicants, Marinas and or Boating 
Facility (Planning SA, 2004)2, and the EPA Guidelines for Stormwater Management for Marinas, 
Boat Sheds and Slipways (EPA, 2004)3 in so far as activities are concerned that have the 
potential to impact on water quality within the waterway, such as removal of sewage effluent from 
boats, refuelling, bilge and ballast water.  Boat maintenance, repair work, hull cleaning, painting 
and antifouling, will not occur within the marina or waterways. 

 
 Provision is to be made as part of this development to enable onshore facilities to be constructed 

in conjunction with and in support of the aquaculture and fishing industries.  There is a need to 
provide not only mooring facilities for vessels but also loading and unloading facilities, storage 
including cool rooms and preparation areas, refuelling and maintenance together with minor 
repairs to plant and equipment, administration and office accommodation, together with amenities 
for crew, including car parking. 

 
 The exact arrangement and mix of uses is to be determined following further consultation and 

involvement with industry representatives.  While there will be an opportunity to satisfy some of 
the needs of these industries, it is acknowledged that the potential for conflict between potentially 
competing land uses, (i.e. industry and residential) needs to be carefully managed.  Onshore 
facilities will therefore be limited to only those activities that generate no or minimal off site 
impacts and are of a suitable design and appearance. 

 
 3.4 Recreational Marina 
 
 It is proposed to provide marina facilities for recreational craft including sail and power craft.  In 

total 100 berths are to be provided in 3 locations within the development.  These berths will 
provide facilities in addition to mooring, including the ability to undertake minor servicing and 
maintenance, stocking of stores for longer journeys and tourism activities.  A range of temporary 
and permanent berths catering for visitors’ and residents’ vessels will be provided.  As for the 
commercial marina, boat maintenance activities will not be permitted. 

 
 The marina berths are to be constructed in a manner that allows for tidal variations and enables 

vessels to move in and out of the facility at either high or low tide.  As with the channel a 
minimum depth of 2.5 metres at low tide will provide sufficient draft for the nature of craft 
attracted.  Berths are to be arranged along the pontoons that will be connected to land via an 
arrangement of ramps at suitable grades.  The final detailed design and specification will be 
undertaken at the engineering stage of the development process.  All facilities are to be designed 
and constructed in accord with the South Australian Coastal Marina Development Strategy for 
Recreational Boats, Rep. No. 1 Marina Guidelines (DEP, 1991)4 and the EPA Stormwater 
Management for Marinas, Boat Sheds and Slipways (EPA, 2004). 

 
 Refuelling of recreational vessels will be undertaken in an appropriate manner and occur in a 

designated location that will enable suitable management and response in the event of a spill or 
other hazard situation.  A combined refuelling area is intended to service both commercial and 
recreational boats.  Fuel storage tanks are to be underground with supply lines to bowsers at the 
wharf.  Bunding and drip trays are to be provided in areas such as around bowsers.   

 

                                                     
2 Guide For Applicants – Marina and/or Boating Facilities, Planning SA, July 2004 
3 Stormwater Management for Marinas, Boat Sheds and Slipways, EPA, April 2004 
4 South Australian Coastal Marina Development Strategy for Recreational Boats, Report No. 1 Marina Guidelines, Department of 
Environment and Planning, 1991 Revised Version 
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 A periodic inspection and ongoing monitoring regime will be undertaken, as part of an operational 
management plan, for tanks in order to prevent fuel loss to the terrestrial and marine 
environment.  Stormwater from service areas and the commercial area will be diverted to a 
suitably formed detention basin and will not be discharged into the marina. 

 
 A spill contingency plan is to be developed in order to respond to situations so as to minimise the 

impact and provide for the adequate clean up of any oil / hydrocarbon fuel spillage.  Although the 
risk of contamination is very small given the refuelling facility safe guards outlined above, an oil 
spill contingency plan will be prepared as part of the Environmental (Operational) Management 
Plan for the marina.  A key element of such a plan would be the deployment of booms at the 
entrance to the marina together with other containment and absorption measures.  Private 
storage of fuels is to be discouraged. 

 
 Major repair works and extensive maintenance including hull cleaning, painting and antifouling 

activities are not to be allowed within the marina given the potential for environmental impact.  
Boat owners requiring such activities will need to take their vessel to another location.  Potential 
exists for such a service and maintenance centre within existing industrial areas at Ceduna 
Industrial Park and Thevenard. 

 
 3.5 Residential Development 
 
 A total of 382 allotments are proposed for residential living, together with a number of larger sites 

for up to 250 future medium density residential dwellings.  Each of the residential allotments is to 
accommodate a single dwelling.   

 
 A Land Management Agreement is proposed as part of the development, which calls up Design 

Guidelines and Obligations for owners in respect to a range of planning and management issues 
including: 

 
• the use of land; 
 
• the limit of one dwelling per allotment; 
 
• siting via the use of building envelopes; 
 
• building form and appearance; 
 
• site and floor levels; 
 
• set backs and heights; 
 
• fixtures such as air conditioners; 
 
• a requirement for solar hot water services and other energy efficiency measures including 

insulation, installation of plumbed in rainwater tanks (at least 15,000 litres); 
 
• design and construction requirements in respect to jetties and mooring facilities associated 

with waterfront allotments, landscaping, fencing and swimming pools; and 
 
• Specific provisions in relation to medium and high density residential buildings.   

 
 A copy of this draft LMA is provided at Appendix B. 
 
 Of the total number of residential allotments, 317 are to be arranged with a waterfront setting 

allowing direct access to vessels via a jetty and mooring arrangement.  On average these 
allotments are to have a buildable area of approximately 600 square metres and be accessed 
from a public road to the rear or secondary frontage.   
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 Dwellings are to be set back by a minimum of six (6) metres from the revetment wall of the 

waterway, and six (6) metres from the property boundary frontage to a public road.  Dwellings are 
to be also set back by 1.2 metres to any side property boundary.   

 
 Detached dwellings are to be limited to two storeys in height, with a minimum building level on 

allotments of 3.2 metres above AHD in order to protect buildings from inundation.  Fencing to 
waterways is to be open ‘pool style’ fencing of tubular steel or similar, with a maximum of 2.0 
metres for fences to rear boundaries and 1.2 metres to side boundaries. 

 
 3.6 Community Centre 
 
 A key public benefit from the proposed development will be the establishment of a Community 

Centre that will form an important focus for cultural, recreational and leisure activities for the 
Ceduna community.  Its location to the south of the development site (currently proposed as 
allotment 617, but subject to negotiation) adjacent to the existing township will assist in the 
integration of the proposed development with the existing township in both a physical and 
functional manner.  The exact design and layout of the proposed Community Centre will be the 
subject of a separate development application for building following further investigations and 
community consultation. 

 
 The Community Centre will serve a dual purpose in terms of providing a facility for the local 

community and visitors to the region.  It will comprise elements that address and provide for the 
interpretation of the coastal and marine environment, the Nullarbor, the Great Australian Bight 
Marine Park, the Head of the Bight and whale watching and a strong emphasis on Aboriginal 
culture and history.  The Community Centre is also an opportunity for the aquaculture and fishing 
industries to provide a focus for their promotion, education and interpretation with live displays of 
fish species and other features of the industry. 

 
 3.7 Tourist Accommodation and Related Facilities 
 
 Provision is to be made for tourism accommodation and facilities within the proposed 

development in order to provide a focus for the region’s important tourism industry at a strategic 
gateway to and from South Australia.  Ceduna has the potential to further develop its potential as 
a centre for visitors that are attracted by the natural environment of the Far West Coast and 
activities, including whale watching, recreational boating and fishing, visiting the off shore islands, 
active and ‘soft’ adventure, coastal relaxer and eco-tourism pursuits.  A key opportunity is to 
enable visitors to experience Aboriginal heritage and culture in a manner that assists in greater 
understanding and respect.  This approach provides a significant economic and social opportunity 
to local indigenous communities in terms of employment, cultural development, education and 
hopefully reconciliation. 

 
 The exact form and arrangement of accommodation facilities will be the subject of future 

development proposals and will be designed and planned following extensive feasibility and 
research into target markets and preference for different styles of accommodation.  Together with 
accommodation there will be a need to respond to the needs and expectations of visitors in terms 
of providing access to facilities such as cafes, restaurants, entertainment and a limited range of 
retail opportunities that will be focused on convenience shopping and would not duplicate or 
compete directly with existing retail shopping within the Ceduna township.  Such limitations may 
be introduced via a Plan Amendment Report that may put in place development policy controls to 
limit scale, range and threshold. 
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3.8 Public Recreational Facilities 
 
 As an adjunct to the proposed Community Centre and tourism facilities it is proposed to make 

provision for a range of public recreational activities, including:  
 

• Public open space reserves 
 

• Sporting and recreational facilities 
 
• Community and tourist facilities 
 
• Commercial and retail activities 

 
 Surplus stormwater not re-used as part of the proposed development is to be directed to the 

existing public golf course so as to allow the greening of this facility year round.  This represents 
a significant upgrade of a community asset that will dramatically improve the amenity of this 
space and also provide for extensive tree planting using species endemic to the region. 

 
 3.9 Public Infrastructure and Utilities 
 
 SA water mains currently extend through the site parallel to the Eyre Highway.  Consultation has 

occurred with SA Water in respect to the provision of mains water to the proposed development.  
Preliminary indications are that subject to appropriate augmentation and extension charges mains 
water may be supplied to the proposed development, which would be supplemented with on site 
water collection, together with stormwater and effluent reuse and other water sensitive urban 
design measures.   

 
 Based on a review of the SA Water Eyre Peninsula Water Supply Master Plan (SA Water, 2003)5 

and discussions with representatives from SA Water, capacity exists within the Todd River 
Catchment subject to continued efficiencies in use and the continuation of key initiatives such as 
the desalinisation programs.  The proposed development presents an economic capacity via its 
‘critical mass’ to further these initiatives so as to achieve a more efficient and effective use of this 
resource.   

 
 The inclusion of rainwater tanks (as required under the proposed LMA) on each residential 

allotment is expected to limit the demand of SA Water potable water supply, by as much as 25 to 
30% based on investigations undertaken to date.  The rationale for this position will be discussed 
in further detail below when addressing Infrastructure Requirements. 

 
 Based on enquiries undertaken to date, SA Water has stated that mains water can be provided to 

the proposed development subject to some supply augmentation works.  More specifically SA 
Water has identified the following works that may be required: 

 
 • the construction of a booster pumping station between Knots Hill and the existing Lock 

pumping station; 
 
 • the construction of an additional 9 ML storage at the existing Bonython Tank site;  
 
 • the laying of 11 kilometres of 250 mm main between the Tod Trunk main and the Bonython 

Tank; and 
 
 • Installation of a pressure sustaining valve on the Ceduna supply main. 
 
 The work required will also be dependent upon the timing of the construction of other water 

supply augmentation works on Eyre Peninsula including desalinisation investigations being 

                                                     
5 Eyre Peninsula Water Supply Master Plan, SA Water, 7 May 2003 
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undertaken by SA Water.  Various scenarios have been investigated ranging from a 2.5 ML/day 
Plant to a 15 ML/day Plant as outlined in greater detail within the Eyre Peninsula Water Supply 
Master Plan.   

 
 While such would require expenditure in the order of $30 million so as to achieve 5 ML/day in 

Ceduna, developments such as the Ceduna Marina would assist in improving the business case 
for pursuing such infrastructure projects that would have wide ranging community benefits 
beyond that simply associated with the marina site.    

 
 In combination with demand management, efficient use and reuse strategies and alternative 

power projects, a sustainable solution exists to the provision of suitable water for economic 
developments such as the marina project.  The current capacity of the resource should not be a 
limiting factor in terms of restricting economic development when options for increasing capacity 
have been identified and are practically achievable. 

 
 ETSA Utilities Customer Supply manager for North and Peninsulas has provided advice in 

respect to a proposed 300 residential allotments, being equivalent to Stage 1 of the proposed 
development.  In the provision of this advice ETSA has made assumptions on both the scope and 
line route that may be available or suitable, and estimate the project to be in the range of $1.2 to 
$1.25 million.  This advice has been qualified with the statement that “there may also be 
additional costs to relocate existing infrastructure but until more detailed plans are submitted 
these costs cannot be determined.”   

 
 The Telstra main cable (optic fibre) route currently extends through the development site, 

nominally along the eastern side of the Eyre Highway road reserve.  Major cables also extend 
along the northern side of the Denial Bay Road.  Discussions with Telstra have indicated that 
sufficient capacity exists within existing infrastructure to accommodate the demands that would 
be placed by new subscribers associated with the proposed development.  Naturally these cables 
will need to be relocated and incorporated within the development site within appropriately 
positioned and designed easements or reserves. 
 

 3.10 Eyre Highway Realignment 
 

 It will be necessary to realign the Eyre Highway adjacent to the Kooniba Thevenard railway line in 
order to implement the development in the manner proposed.  By realigning the highway it will 
enable a more integrated community within the development by avoiding fragmentation of the 
land by a major physical form.  The proposed arrangement is considered to be the most efficient 
and effective manner in which to balance the function of this major road transport route and the 
character, amenity and function of the proposed development. 

 
 The design and arrangement of the realigned Eyre Highway would allow for the continued 

uninterrupted function of this road transport route with minimal disruption and inconvenience to 
road users.  The preliminary or conceptual design for this realignment has been undertaken in 
consultation with Transport SA and will be the subject of further detailed design and cost estimate 
investigations prior to implementation.  Transport SA has expressed no fundamental objections to 
the realignment of this section of the highway subject to usual technical and operational 
requirements being met.  
 

 3.11 Acoustic Protection  
 
It is proposed to construct an earth mound having a height of some 3 metres, which is to have a 
45-degree batter slope that is to be secured and planted with a range of plants including ground 
covers and shrubs utilising primarily native species.    
 
The purpose of this mound is to provide a suitable level of acoustic protection to sensitive 
receivers such as residential dwellings, from noise associated with the gypsum railway and the 
Eyre Highway. 
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This approach has been used successfully in like circumstances so as to achieve a suitable noise 
environment conducive to residential living.  The most recent example of such an arrangement is 
at Mawson Lakes as achieved by Delfin. 

 
The material for this mound will be sourced from the dewatered excavated material resulting from 
the construction of the waterways, supplemented with suitable aggregate and top soil so as to 
provide conditions suitable for landscape planting. 
 

 3.12 Landscape Character 
 
Given the climatic conditions of the locality, including prevailing wind conditions, and limited 
annual rainfall, a dry land character is to be pursued within the proposed development in respect 
to landscape plantings. 
 
This will involve the use of native species, primarily those endemic to the locality, supplemented 
with taller species so as to provide a degree of shade and visual relief.  This approach will reduce 
water consumption and allow for more efficient maintenance. 
 
This approach has been successfully achieved in arid locations such as Roxby Down and Leigh 
Creek, and is far more responsible in terms of water consumption, than endeavouring to recreate 
a leafy green character typical of tropical locations. 
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Figure 4.1 – Locality Plan 
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 4.3 Geotechnical   
 
 Coffey Geosciences has undertaken Preliminary Geotechnical Investigations (see Vol. 2, Working 

Paper 1)6 at the development site with a particular focus on the issues surrounding the 
undertaking of bulk earthworks, dewatering and reuse of spoil, and the ability to secure disturbed 
areas in terms of erosion and scouring.  Where appropriate further testing has been 
recommended prior to developing and implementing a construction management plan. 

 
 According to the Geological Survey of South Australia (1:250 000 Streaky Bay map sheet) the 

development site would be expected to be predominantly underlain by calcareous sandy soils of 
the Bridgewater Formation.  The Bridgewater Formation was deposited in shallow subtidal beach 
and coastal dune environments in the Pleistocene period.  Calcareous soils have properties that 
require special consideration, namely: 

 
• they are water soluble under low pH conditions that can occur naturally; 
 
• the particles are weaker than typical siliceous soil particles, and can be crushed at 

comparatively low stress; 
 
• the carbonate materials act as a cementing agent. 
 
The Bridgewater Foundation typically comprises poorly graded, fine or medium or coarse-grained 
sand with little of no fines content.  The continuity and degree of calcareous cementation can be 
extremely variable with strengths ranging from uncemented sand to strong rock (calcarenite/ 
sandstone).  The strongly cemented zones often have high voids to solid ratio (porous structure).  
Calcrete may also be encountered within the soil profile.  The calcrete can occur as either poorly 
graded silty gravel, rubbly layers of cobble to boulder size fragments or massive continuous sheet.  
The calcrete strength is highly variable, ranging from low to extremely high rock strength.  
  
The majority of the soils encountered in the test pits undertaken by Coffey comprised a mixture of 
quartz and calcareous sands, containing abundant bivalve mollusc shells in places.  Other 
materials encountered included shell grit and sandy gravel, comprised of fine to course grained 
gravel-sized marine shells.  A dark layer of low plasticity sandy clay was encountered in one test 
pit, the sandy clay layer was about 100mm thick and was soft to firm in consistency.  
 
The depth of the excavations undertaken by Coffey Geosciences had to be limited due to the 
inflow of water into the excavation below the water table causing instability of the sides of the 
excavations.  The soils that were encountered were found to be calcareous, providing a 
neutralising environment unconducive to the formation of acid sulphate soils. 
 
In addition, no peaty or highly organic soils considered likely to generate acid sulphate soil 
conditions were encountered during the investigations and testing undertaken by Coffey.  Medium 
to high strength calcrete was encountered in three locations, which resulted in refusal of the 
backhoe used for the test pits. 

 
 The key geotechnical issues identified that would need to be addressed by the proposed 

development are: 
 

• the presence of variable, non-engineered fill to a depth of 0.7 metres in various locations 
which is considered unsuitable in its present condition as a founding layer for footings or 
pavements; 

 
• the presence of loose sandy soils that are considered to be potentially vulnerable to 

liquefaction during an earthquake and will require relatively flat batters to maintain stability, 
especially close to (or below) the water level; 

                                                     
6 Ceduna Keys Waterfront and Marina Development Ceduna, Preliminary Geotechincal Investigations, Coffey Geosciences, 
August 2004 
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• the presence of shallow ground water, which would require dewatering for excavations below 

about 0.5 metres AHD. 
 

Reference to the South Australian Coastal Atlas on www.atlas.sa.gov.au indicates that there are 
two areas marked as Potential ASS (Mangrove) and Potential ASS (intertidal) that lie within the 
development site. These are located on the coastal side of the Eyre Highway adjacent to the 
headland that lies to the south of the proposed entrance channel.  
 
Before any development takes place it is proposed that further detailed soil analysis plus surface 
water and groundwater monitoring be undertaken by a qualified ASS scientist. The analysis will 
be undertaken in accordance with South Australian Coast Protection Board publication Coastline 
No 33 January 2003 "A strategy for Implementing CPB Policies on Coastal Acid Sulphate Soils 
(CASS) in South Australia" (Coast Protection Board, 2003).  
 
A long term CASS Management Plan that includes remedial actions at each stage of the 
development will also be prepared. The plan will include contingency measures in case 
unexpected complications arise.  
 
The strategy will not only include deeper and detailed geotechnical investigations to more 
accurately determine the geotechnical and chemical properties of the soils to be excavated and 
reused within the site but also the collection of water samples for determination of acidity, soluble 
iron, aluminium and heavy metal concentrations. These investigations will include further 
assessment of the potential for generating acid sulphate soil conditions.  
 
Even if not discovered during investigations the environmental management plan will include 
techniques for identifying, isolating, handling and on site containment of potential acid sulphate 
soils in case these conditions are encountered during excavations. Particular attention will be 
paid to sampling and testing surface water and groundwater on a regular basis so that acidic 
discharges or soluble toxic metals greater than Marine criteria are not discharged into Murat Bay. 

 
 These preliminary geotechnical investigations undertaken by Coffey Geosciences Pty Ltd indicate 

the presence of loose sandy soils, which are considered to be potentially vulnerable to 
liquefaction during an earthquake.  It has therefore been recommended in this report that the 
further penetration testing of the natural subsurface materials be undertaken prior to design 
construction in order to assess and respond to the level of risk that earthquake may present to 
infrastructure and buildings. 

 
 Notwithstanding the geological conditions of the site, it should be noted that Earthquake hazard 

mapping of Australia, as presented in AS1170.4 indicates that Ceduna is located in the lowest 
risk area with an acceleration coefficient of less than 0.03.  This value is noted to have a 10% 
chance of exceedence in 50 years.  Even with a high site factor for soft soils, the required 
earthquake design categories to AS1170.4 are likely to be low.      
 

 4.4 Potential Land Contamination 
 

 The site history undertaken by Dare Sutton Clarke, Consulting Engineers, provided as a working 
paper to this document (see Volume 2, Working Paper 1) has confirmed that the land has 
predominantly remained undeveloped.  Development of portions of the land has included: 
 

  • the construction of a section of the Eyre Highway 
 
  • farming activities including a slaughterhouse and horse stables 
 
  • a quarantine station along the Eyre Highway 
 
  • the ‘Oyster Bar’ café on the Eyre Highway 
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  Potential sources of contamination include: 
 
  • temporary storage of insecticides at the quarantine station 
 
  • diesel fuel storage to power incinerator at quarantine station 
 
  • general dumping of rubbish 
 
  Potential contaminants associated with the above sources of contamination include: 
 
  • organo-chlorine pesticides 
 
  • hydrocarbons (petroleum products) 
 
  • heavy metals 
 
 The conclusions reached by Dare Sutton Clarke state that no significant land uses have been 

identified for the subject land, and on the basis of the investigations undertaken, it is concluded 
that the site appears to be suitable for the proposed use.   

 
It is, however, recommended that further investigations be undertaken locally at the rear of the 
Quarantine station to check for any possible spills of insecticides stored at this location as well as 
any potential diesel fuel spills from the use of diesel fuel to power the site incinerator.  Similarly, 
localised investigations should occur in the vicinity of dumped materials to the west of the 
slaughterhouse and near the site southern boundary, particularly for potential of heavy metals 
and petroleum hydrocarbons. None of these potential issues are significant and if encountered 
can be easily dealt with. 
 
The areas to be assessed further are relatively small; they fall within a large earthworks project 
with a mix of residential, commercial and reserved precincts; there is therefore a great deal of 
flexibility in options for dealing with contamination issues should they arise.  
 
Any remedial works that arise from the environmental assessment will therefore be undertaken in 
a manner that does not alter the shape or form of the current development proposal. 
 
Due to the lengthy timeframes of such investigations plus auditor review and approvals it is 
proposed that these environmental assessments commence as soon as development approval 
has been obtained and proceed in parallel to the further approval processes.  
 
On the basis that Planning SA have indicated that an auditor is required for this project the 
proposed scope of these further investigations is outlined below. 
 
An environmental soil sampling and testing plan and environmental site assessment will be 
carried out in accordance with Schedules A and B of the National Environment Protection 
Measure (NEPM) and in consultation with the Environmental Auditor.   
 
Subject to agreement with the Auditor zones within the overall site, relating specifically to the 
localised areas as identified in the Environmental Site History Report, will be targeted for further 
assessment.  This would enable clearances, any further investigations and/or remedial works to 
be managed, without affecting the remainder of the site. 
 
The following process as detailed in the flow chart in Schedule A of the NEPM for assessment of 
site contamination will be followed: 
 
In consultation with the Environmental Auditor, develop a soil and groundwater sampling and 
chemical testing program based on the findings of the site history. 
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Undertake sampling and testing of specific analyses in accordance with procedures that conform 
to Australian Standard AS4482.Parts 1and 2 (1997) "Guide to the Sampling and Investigation of 
Potentially Contaminated Soil" 
 
Following receipt of the chemical test results, conduct an appraisal of the health, safety and 
environmental (including water resource) issues for the site and prepare a site assessment 
report. 

 
• If, in consultation with the Auditor, it is agreed that there is no perceived risk to human health, 

safety or the environment the assessment is complete, and the Auditor is provided with the 
Site Assessment Report for review and acceptance. 

 
• Acceptance criteria for the site would be based on the NEPM Health and Environmental 

Investigation levels (NEPM-1999). The contamination status of any soils to be removed from 
the site would also be classified in accordance with NEPM Guidelines.  Should contamination 
above the relevant criteria be found, the following additional processes will be undertaken: 

 
Preparation of a Remediation Action Plan (RAP) together with a site management plan and a 
remediation validation plan for review and approval by the Environmental Auditor. 
 
Undertake inspections, validation sampling and testing to confirm that the remediation objectives 
and target clean up levels specified in the RAP are complied with. 
 
Attend to any Auditor or relevant authority queries and requests for further investigation, 
remediation or validation.   
 
Prepare a site assessment and validation report in accordance with SA EPA requirements and 
issue to the Auditor for review and sign off.  
 
The objective of the above process is to provide confidence, that in regard to site contamination, 
the site does not pose unacceptable risks to human health and the environment taking into 
account the intended end use(s). 
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5. NEED FOR PROPOSAL 
 

  5.1 Project Objectives 
 

 Council has previously articulated the following Objectives for the proposed development in a 
Review and Business Case undertaken pursuant to Section 48 of the Local Government Act, 
1999. 
 
• to provide a safe haven for the fishing fleet; 
 
• to encourage investment in the town and inject vitality into the growing aquaculture and fishing 
industry; 
 
• to capitalise on and encourage further investment of tourism in the community; 
 
• to foster self determination in the areas of cultural interaction and protection; 
 
• to strengthen partnerships and further develop and promote the reconciliation process within 
the community; 
 
• maximise employment and education opportunities for local Aboriginal people and wider 
community; 
 
• develop appropriate opportunities for industry development in cultural heritage interpretation 
and cultural tourism. 
 
5.2 Social and Economic Need 

 
Ceduna lacks a significant focus for either the community or visitors in terms of an enticing 
environment and public spaces7. The relatively limited amount of promotion together with the 
inadequate local facilities have not created an environment that will encourage the visitor to stop 
in the town for a longer period of time. From a strategic perspective Ceduna is important, as it is 
the key entry point to South Australia from Western Australia. 
 
The existing infrastructure in Ceduna for tourists and residents is relatively tired and dated. 
Because of this, tourism opportunities are underdeveloped and lacking a strategic focus, while 
physical infrastructure is insufficient or inadequate to support tourism, other industry sectors, 
accommodation or community aspirations.8  
 
Ceduna is recognised as the gateway to and from the west coast of Australia. The Ceduna Keys 
project is therefore, not only of regional significance, but strategically important to South Australia. 
The development is considered a vital link to develop growing industries such as tourism, 
aquaculture and commercial fishing in the town and region. 
 
Although the regional centre of the far west coast of Eyre Peninsula, over the past eighteen years 
the town has faced a major decline in population (some 500 people). This has been mainly due to 
the withdrawal of Government services to the metropolitan areas and subsequent business 
closures i.e. banks and OTC (Ceduna Satellite Earth Station).  

 
This has had a far-reaching effect on associated industries, services and business in the town. 
Consequently families and younger people have had to leave the town to find jobs. 
Unemployment has continued to increase and is significantly high at 15.6% in comparison to 
other regional areas of Eyre Peninsula and the State. Of this figure the youth unemployment rate 

                                                     
7 Economic Development Plan for the Communities of Ceduna, Nicholas Clarke, 1996 
8 SA Centre for Economic Studies, An Assessment of Ceduna Keys & Ceduna Coastal Centre Development Plan Volume 1 & 2, 
February 2001 
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was recorded at 14.3%. In addition to the youth unemployment numbers, CDEP recipients who 
are employed for 2 days per week account for a further high number of unemployed indigenous 
youth in Ceduna. The indigenous population in general has continued to suffer disadvantage in 
the labour market9.  

  
With this in mind, the community has been focusing on developing the Ceduna Keys project and 
the Community Centre to essentially re-vitalise the character and amenity of the town, re-
invigorate the social fabric and unique culture and heritage of Ceduna, improve the performance 
of the local economy, and create an environment which is conducive to investment and job 
creation. 

 
 Because of Ceduna’s remoteness the town has limited facilities and services available to locals 

and visitors alike. What is available is dated, not inviting, nor visually appealing, lacks identity and 
is desperately in need of change.   

 
 From an industry perspective Ceduna is desperately in need of infrastructure, which can 

adequately support growth industries such as aquaculture, fishing, tourism and mining 
development. 
 

 During 1999, potential sites for the marina were investigated and the current proposed site, 
located on the coastline of Murat Bay, at the intersection of Denial Bay Road and the Eyre 
Highway, was selected. A number of key factors led to this location being chosen as the best site 
for the project: 
 
• its ideal location directly adjacent to National Highway One; 
 
• the site will form a highly visible and attractive gateway to the town and State; 
 
• the site is located directly on the coast and therefore has natural water frontage; and 
 
• there is very little remnant vegetation on the development site and it is considered to be 

relatively de-graded due to the fact that it has been grazed in years past. 
 

 5.3 Market Analysis  
 
The Business Case for the proposed development is clearly outlined in monetary and risk terms 
within the Business Plan10 prepared by Collins Anderson for the Council.   
 
This document, arising out of the Section 48 prudential review11 required under the Local 
Government Act, addresses the business opportunity, the various development options, risk and 
presents a profit performance scenario based on a range of investigations including analysis of 
like facilities within South Australia.   
 
The overall capital investment in the project is estimated at $52.5 million over the term of the 
project with additional operational expenditure of $7.9 million. Income generated through land and 
marina berth sales is estimated at $94.9 million. 
 
The Ceduna Keys marina project is, based upon the research undertaken, financially viable with 
an estimated Net Present Value of $17,460,883 using cost of capital of 6%. The internal rate of 
return is estimated at 33.93%. Assumptions have been made in respect to an average land price 
estimate for each of the three stages of the project of $125,000, $75,000 and $100,000 
respectively and assume a sale price of $90,000 for each berth.  

 

                                                     
9 Community Profile, ABS Census, 2001 
10 Ceduna Keys and Coastal Centre, Business Plan, prepared by Collins Anderson Management & DSC Andrew, June 2003 
11 Ceduna Keys and the Ceduna Coastal Centre, Section 48 Review, prepared by Collins Anderson Management, 2003.  
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Assuming a 6% discount rate, the Net Present Value of the project remains positive for each 
stage assuming average price estimates of $75,000, $65,000 and $85,000 respectively and a 
sale price of $45,000 for each berth. An optimistic scenario for the development assuming 
average price estimates for Stages 1, 2 and 3 of $180,000, $120,000 and $180,000 respectively 
and a sale price of $90,000 for each berth has a Net Present Value of $44,429,921. 
 
In terms of the business opportunity, a comprehensive analysis of strengths, weaknesses, 
opportunities and constraints has been undertaken.  The resulting conclusions by Council’s 
independent advisors is that the proposed development presents a potential multi million dollar 
investment in Ceduna, that would benefit a range of industries including the tourism industry, the 
fishing industry and the aquaculture industry, resulting in positive flow on effects for all sectors 
within the community.  

 
There are currently strong trends supporting residential development on Eyre Peninsula. These 
include an upward trend in residential dwelling approvals and median house prices especially in 
coastal areas. Land developments close to Ceduna such as Smoky Bay and Streaky Bay have 
elicited a strong response in recent times suggesting that the West Coast is becoming an 
increasingly attractive location and that the tyranny of distance appears to be a lesser factor.  
 
Recent marina developments in regional South Australia have encountered significant success 
especially in terms of current land prices. Marinas on Yorke Peninsula and at Port Lincoln are 
experiencing land sales for waterfront properties of between $200,000 and $350,000. A marina 
development at Tumby Bay has had recent land sales between $100,000 and $130,000 whilst a 
land-based development at Streaky Bay has sold properties for up to $85,000. All of these 
developments have attracted a range of different buyers including metropolitan and regional 
South Australia, Western Australia, the Northern Territory and Queensland. 
 
There are existing examples of successfully combining commercial and residential interests at the 
same marina development site such as Lincoln Cove at Port Lincoln. There is an opportunity for 
Ceduna to emulate this for the benefit of the town. 
 
Demand for marina facilities has been identified from both commercial and recreational users 
however this is difficult to quantify. The Ceduna Keys concept has the potential to facilitate 
expansion of the local fishing and aquaculture industries, which would further enhance demand 
for the use of the marina including berths and wharf facilities. Other economic activities such as 
mineral exploration and cruising tourist boats could also be attracted to utilise the marina 
facilities.  

 
 5.4 Consequences of Not Proceeding 

 
To not proceed would be to miss a significant opportunity to address a range of long standing and 
emerging social and economic issues facing Ceduna and the surrounding region in terms of 
providing a focus for economic development and activity, financial investment from outside the 
region, employment creation, upgrade of physical and social infrastructure and the achievement of 
a critical population mass so as to continue to provide an increased range of goods and services.  
 
The proposal is a rare opportunity to facilitate a multi facetted development that will, in its final 
form, satisfy a range of existing and anticipated needs within the community in terms of a living, 
working, recreational and cultural environment.  The economic capacity of a project of this nature 
provides the necessary vehicle to provide a range of uses and activities that may otherwise not be 
provided in a town such as Ceduna unless significant public expenditure is committed.  

 
Community centres and tourism interpretive facilities are generally provided by the public sector 
at significant expense in order to stimulate and facilitate economic activity in this important 
business sector.  As the Far West Coast must compete with other regions within South Australia 
for limited resources, expenditure is invariably prioritised based on volume of existing visitors.  
This presents emerging regions with a challenge in order to attract the necessary funding in order 
to reach their full potential. 
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Ceduna has already experienced a decline in population and this has been due largely, to factors 
such as; intermittent poor seasonal conditions, the centralisation of services and the drift of youth 
to larger regional/ metropolitan centres. The drain of the human capital together with some 
services has brought with it the associated problems of high unemployment and an increase in 
crime.  An improvement of the economic situation within Ceduna may assist in addressing a 
number of these social problems that are to a large extent brought about by deprivation of 
opportunities.  
 
If the opportunity to attract investment and industry in Ceduna is not pursued, there is a 
significant risk that the fishing and aquaculture industry will be attracted to other regional areas 
such as Western Australia. Fishing industry representatives have indicated that communities 
such as Esperance are already actively trying to attract a large proportion of the South Australian 
fishing fleet to Western Australia. Ceduna, and South Australia simply cannot afford any more 
leakage in terms of investment and employment particularly, when the industry is making a 
significant contribution to the State’s GDP. 
 
The ability both economically and physically to provide a suitable marina facility for the 
commercial fishing and aquaculture fleet would be frustrated should this development not 
proceed.  The proposal presents a facility that will meet the existing and future needs of both the 
fishing and aquaculture industries in a manner that is efficient and effective in providing the 
necessary safety and convenience to operators.  A facility elsewhere may not be able to satisfy 
identified need to the same extent. 
 
The ‘master planned’ approach to this proposal will provide the necessary structure and guidance 
to the staged implementation of this development.  In the absence of an overall approval for this 
development, individual components may be proposed and occur in a less than optimum manner 
such that the same level of efficiencies and economies, particularly in respect to infrastructure 
provision, may not be achieved.  Approval as a Major Development will provide the necessary 
certainty and flexibility that will satisfy private, government and in particular, community interests.  
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6. ENVIRONMENTAL ISSUES 
  

 6.1 Introduction  
 
The District Councils of Ceduna, Streaky Bay and Elliston have for a long time been responsible 
for the management of a large proportion of the coastal areas in the region. Recognising the 
importance of the ongoing issues along the coast and the adjacent marine waters, the Councils 
decided to take a pro-active approach and the Great Australian Bight 1000 West Coast Strategy 
(GAB 1000)12 was completed in early 2000. The Strategy clearly identified a number of the 
environmental problems and associated coastal issues in the region. Accordingly, appropriate 
strategies and recommendations were developed to directly tackle these issues.  
 
The GAB 1000 Strategy was developed as a planning document that not only addressed the 
major issues, but also provided a strategic management plan for State and Local Government to 
facilitate and promote ecologically, economically and socially sustainable development. The key 
aims of the document have been to promote improvements through an integrated and 
coordinated effort by all with an interest in the region’s coastal and marine management.  
 
The Strategy identified that cumulative impacts must be addressed in an area that depends 
heavily on its natural resource base for its survival. Inadequate management of the West Coast 
today could therefore produce problems in 10, 15 or 20 years time that may potentially threaten 
its future economic and social sustainability. The document highlighted the numerous pressures 
affecting the natural resources of the region these included: 
 
• Conservation of biodiversity; 
• Protection of biological values / threatened species management; 
• Protection of important marine habitats; 
• Marine biodiversity changes / carrying capacity; 
• Marine litter; 
• Maintenance of water quality / controlling pollution sources; 
• Land management; 

 • Perceived alienation of regional community from the management of the commercial 
fisheries of the region; 

• Competition between commercial and recreational fishers for shared resources; 
• Enforcement of fisheries management provisions;  
• Over-harvesting of marine fish resources by minority of recreational / illegal fishers; 
• Minimising impacts of fishing activities (ie. by catch reduction, reducing impacts and conflicts 

of accessing coast); 
 • The process of consultation and public input to the aquaculture resource allocation, planning 

and approval process;  
• Water pollution (preventing shellfish contamination); 
• Subdivision, rural housing developments and marine developments 
• Sustainable management of coastal tourism and recreation activities (in particular, access 

and activity impacts); 
• Tourism and recreation / tourism infrastructure requirements; and 
• Ballast water management / requirement for port studies. 
 
Since its completion the three Councils have employed a co-ordinator to implement the 
recommendations, monitor progress and evaluate the actions that have been taken to date. It is 
fair to say that significant progress has been made and Councils have implemented a number of 
projects and policies that are protecting and enhancing the region’s marine environment and 
coastline. 
 
In June 2002 the District Council of Ceduna submitted an application to Environment Australia for 
decision whether or not approval was needed under Chapter 4 of the EPBC Act 1999 for the 

                                                     
12 Great Australian Bight 1000 West Coast Strategy (GAB 1000) 
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Ceduna Keys development. The referral was considered under the EPBC Act and it was decided 
that the action would not be a controlled action. Approval has therefore not been needed under 
Part 9 of the Act before the action can proceed.  A key part of the EPBC Act referral process 
involved an assessment of the potential impact that the Ceduna Keys proposal could have on 
migratory waders and other waterbird species.  

 
The listed migratory species include those listed in: 
 

 • the appendices to the Bonn Convention for which Australia is a Range State under the 
Convention;  

 
 • the Agreement between the Government of Australia and the Government of the Peoples 

Republic of China for the Protection of Migratory Birds and their Environment (CHAMBA);  
 
 • the Agreement between the Government of Japan and the Government of Australia for the 

Protection of Migratory Birds and Birds in Danger of Extinction and their Environment 
(JAMBA); and 

 
 • any native species identified in an international agreement approved by the Commonwealth 

Environment Minister. 
 
This has meant that no further approval from Environment Australia has been necessary under 
the EPBC Act, and the project has been able to proceed.  A copy of this correspondence is 
provided at Appendix C 
 
Statements issued by the South Australian Environment Protection Authority in June 2004 under 
Section 7 of the Land and Business (Sale and Conveyancing) Act 1994 have not identified any 
existing environmental issues in respect to the subject land.   
 
For the proposed development, key environmental issues have been identified which are outlined 
below.  The design of the marina, its location, environmental management during construction 
and ongoing management of the marina (see Section 10.) aim to minimise potential 
environmental impacts in order to be consistent with the GAB 1000 Strategy and meet the 
requirements of various State and Commonwealth legislation.  
 
COASTAL  
 
6.2 Sea Level Rise 
 
For an open waterway system compliance with the Coastal Protection Board (CPB) policy has 
been assessed as follows. 

 
Table 6.1 Sea Level Rise Criteria 

 
Protection Criteria Tidal Waterways 

 Piled buildings over 
waterways 

Areas capable of 
future protection 

100 year storm tide 
(Thevenard) 

 2.32m AHD  2.32m AHD 

Wave set up  0.20m  0.20m 
Freeboard  0.25m  0.25m 
Sea Level Rise   
- 50 Year  N/A  0.35m 
- 100 Year  1.00m  N/A 
Minimum building floor 
level 

 3.77m AHD  3.12m AHD 
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Due to the fact that there will be a surplus of material excavated from the waterways a minimum 
general fill level of 3.20m AHD has been adopted in order to comply with the above requirement. 

 
The 100-year storm tide of 2.32 m above mean sea level was based on advice provided by The 
National Tidal Centre (Bureau of Meteorology).  Their advice was based on the results of a study 
undertaken in 1989 for Thevenard. 
 

 6.3 Sand Movement and Seagrass/algal Debris Accumulation 
 
Murat Bay does not experience coastal systems that result in large volumes of sand moving up or 
down the coast.  The dynamics of Murat Bay are such that sand and sediment are not anticipated 
to be a significant factor in terms of maintaining a channel depth of the minimum required.  
Moreover, no significant build up or loss of sand is anticipated either side of the proposed 
breakwaters.   
 
The condition of the existing marine environment is documented more comprehensively within the 
Preliminary Environmental Assessment prepared by Eco Management Services Pty Ltd (see 
Volume 2, Working Paper 3)13 used as a source for this report.  Moreover specific details in 
respect to engineering approaches to be employed in order to minimise damage to seagrass is 
provided within the Engineering Assessment by Dare Sutton Clarke Engineers (see Volume 2, 
Working Paper 1)14. 
 
In addition to these bodies of work, the Proponent has commissioned John Chappell Engineers to 
undertake an assessment of coastal systems in order to better understand the extent to which the 
proposed development may alter or impact on such systems, and measures that may be used to 
avoid, manage or mitigate the effects of such impacts.  In particular the report by John Chappell 
Engineers (2004) (see Volume 2, Working Paper 5)15 addresses breakwater location and height, 
sand and seagrass/algal debris movements and entrance channel stability. 
 

 This report provides the following recommendations in respect to the abovementioned issues: 
 

• the breakwater entrance to be relocated past the junction of the sand and seagrass by 
approximately 30 metres in order to reduce the potential for disturbance of sand at low tides; 

 
• this could be achieved by moving the breakwater seaward or by extending training walls 

alongside the channel for the specified distance; 
 
• the breakwater height at the entrance channel which is subject to the largest wave action will 

require a RL of +4.0 metres as such relate to AHD, and this may be reduced in height as it 
approaches the shore to +3.0 metres AHD; 

 
• the breakwater is to achieve a 1 in 3 slope in order to achieve long term stability in the areas 

most exposed to wave action such as the sea facing slopes of the structure at the seaward 
end; 

 
• based on Admiralty Chart soundings the channel will need to extend out approximately a 

further 1000 metres from the end of the training walls; 
 
• training walls would be of similar construction to the breakwater with the top level lower at 

+3.0 metres AHD, with slopes on both faces of 1 in 3 with appropriate armouring rock on both 
sides and top; 

 

                                                     
13 Environmental Assessment, Eco Management Services Pty Ltd, 2004 
14 Ceduna Keys Engineering Assessment, Dare Sutton Clarke Engineers, August 2004 
15 Coastal Engineering Study – Ceduna Keys, Preliminary Study of Breakwater Location Height, Sand and Seagrass 
Movements and Entrance Channel Stability, John Chappell Engineers, 2004. 

63



ENVIRONMENTAL IMPACT STATEMENT                                                                                         
                                                                                                                                                                                                                                                                       

                                                                                                                                                             

 
                                                                                                                                                                                                                                                                       

• training walls will have a further advantage in so far as they tend to cause sand or seagrass 
to be trapped in the re-entrant corners where they join the breakwater rather than this 
material moving into the entrance and the marina basin itself; 

 
• accumulation at these corners would be more accessible for periodic removal by land based 

equipment; 
 
• should rock be encountered at the time of excavation, the side slopes could be quite steep (1 

vertical 2 horizontal) and if the material turns out to be fine sand then flatter slopes would be 
needed and most likely rock protection to prevent sideways erosion of the sea floor due to 
wash from vessels. It is now intended to have 1:3 slopes along the channel, with protection 
of the batters inshore to prevent erosion; 

 
• an alternative to rock protection may be sand filled sacks or a geotextile container which 

would also allow for seagrass to repopulate the side slopes; and 
 
• conditions inside the waterway are anticipated to be most favourable with very bad 

conditions anticipated to occur infrequently, with wave action entering the waterways past 
the breakwater with energy dissipating. 

 
 This report also recommends that the following further investigations be undertaken in order to 

prepare a more detailed design and construction procedure: 
 

• surroundings of the area covering the entrance channel; 
 
• penetrometer survey of the sea floor for preliminary determination of material and depth of 

sand; and 
 
• tube sampling along the line of the channel to detect changes in material. 

  
6.4 Recreational and Commercial Boating 
 
The primary potential for impact by recreational and commercial boating would arise from the 
number of vessels using the channel in and out from the marina and associated waterways, 
together with the speed at which such occurs.   
 
The combination of the two have the potential to result in turbidity of water that may effect water 
quality and the condition of the marine environment, in particular, within and surrounding the 
channel.   
 
Other potential impacts arise from the discharge of bilge and ballast waters, refuelling, removal of 
sewage effluent, maintenance, repair work, hull cleaning, painting and antifouling, the latter of 
which are to be disallowed within this facility.   
 
The use of vessels is to be managed via the Land Management Agreement (LMA) proposed for 
the development in terms of: 

 
• the design and use of jetties and other mooring facilities 
• the type of vessels that may be moored 
• activities associated with the use and maintenance of vessels 
• living on board 
• disposal of refuse 
• disturbance and disorderly behaviour 
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 In addition to the provisions of the LMA the Management Maintenance and Monitoring Agreement 
will address the following matters: 

 
• appointment of a marina manager 
• safe navigability  
• design, construction, maintenance and use of mooring facilities 
• waste management 
• administration of by laws under the Plan of Community Division 
• removal of sunken vessels 
• entrance of foreign vessels 
• use of berths by commercial fishing boats 
• management of spills and pollutants 
• fire 
• loading and unloading 
• refuelling 
• repairs and maintenance 
• toilet pump out and treatment 

 
 It should be noted that the level of boating activity facilitated by the proposed facilities is not 

anticipated to be significantly greater than that presently experienced as a result of recreational 
fishing and charter operations that utilise the public boat ramp facilities provided by the Council. 

 
 In terms of the potential impacts that an increase in boating activity may have on off shore islands 

and fish stocks, it should also be noted that there are other legislative and regulatory 
requirements that must be observed in terms of bag limits and access to these islands which are 
designated as National Park.      

 
 It is acknowledged that the increase in activity does increase the risk of impact on these 

environments, however no more so than if additional boat ramp facilities were to be installed for 
larger vessels.  The proposed development is therefore not in itself anticipated to have a direct 
impact on these environments. 

 
BIOLOGICAL 
 
6.5 Introduction 
 
A Preliminary Environmental Assessment of the proposal was undertaken in 2000 (EMS 2001). 
As part of the assessment an examination was undertaken of: 
 
• The marine subtidal communities 
 
• The marine intertidal communities 
 
• The terrestrial environment, mainly a general description of flora habitat 
 
Since this preliminary work was reported changes have been made to the proposal, particularly 
the extent of the marina structure (breakwaters) seawards. The earlier report has been updated 
to reflect these changes, although no additional marine subtidal work was undertaken (see EMS 
2004). 
 
In addition Dare, Sutton and Clarke have prepared an Engineering Assessment of the proposal, 
giving information on environmental issues, including stormwater and effluent management and 
reuse. This document is provided as a Working Paper – Refer Working Paper 1 
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The proposed site of the marina extends out approximately 200 m from the beach. For the marine 
subtidal studies of EMS (2001), the study site was extended out to 2.5km to accommodate a 
buffer zone for any potential impacts. This document is included in Volume 2, Working Paper 2.  
 
Recently a more detailed assessment of the terrestrial flora and fauna has been undertaken by 
Delta Environmental Consulting (2005). This document is included in Volume 2, Working Paper 3.  
These studies are summarised in relation to key environmental issues in the following sections. 
 
Murat Bay is shown in Figure 6.1. The proposed site of the marina is located just north of the 
Ceduna township in the north-eastern corner of the bay.   
 
For the detailed assessment of the terrestrial flora and fauna undertaken by Delta Environmental 
Consulting (2005) and the preliminary assessment of EMS 2001, the study area is largely 
restricted to the site of the marina-residential area. 
 
6.6 Terrestrial Vegetation 

 
 6.6.1 Existing Vegetation  
 

The following extracts from the more substantive report prepared by Delta Environmental 
Consulting are provided below for ease of reference.  The entire report is provided as a 
resource to be read in conjunction with this EIS. 
 
The site has several morphological terrestrial vegetation units that occur from the landward 
edge of the intertidal zone, through salt pans, dunes and cheniers. The more ‘marine’ of the 
intertidal vegetation units will be addressed in a separate section on intertidal marine 
vegetation, while this section only includes the more ‘coastal’ of the intertidal vegetation 
units. The unit definitions are based on McDonald et al (1990). 
 
The plant associations in the surveyed morphological units are: 

 
 

• C1D: Closed dwarf chenopod shrubland in the intertidal area, dominated by 
Sarcocornia quinqueflora and Suaeda australis.  

 
 
• C2M: Mid-dense low chenopod shrubland dominated by Halosarcia pruinosa, H. 

pergranulata, and H. halocnemoides often with Hemichroa diandra as a sub-dominant. 
 
• C3S: Open mid-high chenopod shrubland dominated by Atriplex spp., Maireana spp. 

and/or Frankenia spp. often with an understorey of Hemichroa diandra. 
 
• C4D: Closed tall chenopod shrubland in the supratidal area, dominated by 

Sclerostegia arbuscula. 
 
• D3M: Mid-dense tall sod grassland dominated by anthropogenic grasses. 
 
• F2S: Open mid-high forbland dominated by Ward’s weed interspersed with scattered 

chenopods (Sclerolaena spp.and Salsola kali). 
 
• G2S: Open tussock grassland dominated by Austrostipa spp. and Danthonia setacea. 
 
• S3S: Open mid-high shrubland on dunes and shelly ridges with Geijera linearifolia, 

Olearia spp., Acacia spp. and Pittosporum phylliraeiodes. Isolated tall shrubs may 
occur in patches. 

 
• S3V: Sparse mid-high shrubland dominated by Olearia spp., Geijera linearifolia, 

Maireana and Cratystylis conocephala.   
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• S41: Isolated tall shrubs, usually Melaleuca spp. or Acacia spp. 

 
• S4D: Closed coastal dune tall shrubland dominated by Nitraria billardierei, Atriplex 

vesicaria and Cakile maritima. 
 
• T4V: Open low mangrove woodland in the intertidal area (Avicennia marina) with a 

poor understorey except where the woodland is prograding across the neighbouring 
low chenopod shrubbery. 

 
• Y4L: Isolated clumps of tall mallee shrub or other tall shrubs, usually Eucalyptus 

gracilis, Eucalyptus calcareana or Melaleuca spp. 
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Figure 6.1 – Murat Bay  
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A supervised classification of the various plant associations shown above in the 1995 aerial 
photography.  

 
Table 6.2 Percentage cover of each habitat type within surveyed area 
 
Habitat code % of site Area covered 

(Hectares) 
C1D: Closed dwarf chenopod shrubland (intertidal) 
 

1.3 2.4 

C2M: Mid-dense low chenopod shrubland (extratidal) 
 

19.1 34.5 

C3S: Open mid-high chenopod shrubland (extratidal) 
 

11.2 20.1 

C4D: Closed tall chenopod shrubland (supratidal) 
 

0.4 0.6 

D3M: Mid-dense tall sod grassland 
 

6.6 12.0 

F2S: Open mid-high forland 3.1 5.6 
G2S: Open tussock grassland 11.2 20.3 
S3S: Open mid-high shrubland (dunes, berms) 8.4 15.1 
S3V: Sparse mid-high shrubland (dunes, ridges) 4.2 7.5 
S41:  Isolated tall shrubs 3.9 7.1 
S4D: Closed coastal dune tall shrubland (primary dune) 2.5 4.4 
T4V: Open low mangrove woodland (intertidal) 0.9 1.6 
Y4L:  Isolated clumps of tall mallee shrub or other tall shrubs 2.0 3.6 
Bare soil 23.9 43.0 
Rocky reef 1.5 2.7 
Total 100.0 180.4 

 
 Studies by Young (1988) broke the vegetation of the coastal strip along this stretch of the 

South Australian coast into three broader categories: 
 
• Beach/dune vegetation – cover includes species such as Olearia axillaris, Nitraria 

billardierei, Spinifex seriaceus and other salt-tolerant species. 
 
• Coastal heath vegetation – cover includes Alyxia buxifolia, Melaleuca lanceolata, 

Beyeria lechenaultii, on soils varying from calcareous sands to thin sands overlying 
calcarenite. 

 
• Sub-coastal scrub – Melaleuca lanceolata (coastwards) and Melaleuca pauperiflora 

(inland) with occasional Eucalyptus oleosa (E. gracilis, E. yalatensis, E. calcareana) 
and an understorey of Atriplex paludosa (coastwards) or Atriplex vesicaria (inland).  

 
 The study site contains all three of Young’s habitats, plus the area of stranded salt marsh.   
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6.6.2 Impact Area 
 
For the area, Table 6.1 details the existing percentages and areas of the site covered by 
each habitat type. It was reported by Delta Environmental Consulting (2004), refer Working 
Papers in Vol 2, that the direct impact area of the proposed development, shown in Figure 
6.3 above, covered 81% of the site, with no area of the study site being more than 200m 
from the direct impact site.  
 
This has now changed with the development on the coastal strip to the west (referred to as 
release 12) no longer part of the development.  Except for the excluded western coastal 
strip, those habitats occurring inside the outline are likely to be removed completely by 
residential development or the development of waterways.  

 
The terrestrial habitats adjacent to the development could be impacted by weeds.  A weed 
management plan is therefore a part of the landscaping plan to be developed for the 
project and part of ongoing management (refer Section 10). 
 
 
6.6.3 Plant Species  
 
A survey was undertaken involving a series of quadrats (radii 30 m) during November 
2004. Full details of the methodology are included in the report by Delta Environmental 
Consulting which is provided as a resource document to be read in conjunction with this 
EIS Report.   

 
Quadrat locations are shown on Figure 6.4 located overleaf. 
 
There were eighty-six (86) indigenous species and forty-three (43) alien species, one 
hundred and twenty-nine (129) species in all, encountered and collected during the site 
visit. The species recorded are listed in Table 6.2, and statistically summarised in Table 
6.3. 
 
Table 6.3 Species list of plants occurring on the site 
 

Family Species Common name Exotic Conservation
status 

Agavaceae Agave americana Century plant              *  
Aizoaceae Carpobrotus rossii Karkalla or Ross' 

noonflower   

Aizoaceae Disphyma crassifolium Round leaf pigface   

Aizoaceae Galenia secunda Blanket weed           *    

Aizoaceae Mesembryanthemum 
aitonis 

Angled iceplant           *  

Aizoaceae Mesembryanthemum 
nodosum 

Slender iceplant           *  

Aizoaceae Mesembryanthum 
crystallinum 

Common iceplant           *  

Aizoaceae Tetragonia 
implexicoma 

Bower spinach   

Amaranthaceae Hemichroa diandra Mallee hemichroa   

Amaranthaceae Ptilotus obovatus var 
obovatus 

Silver mulla mulla   

Avicenniaceae Avicennia marina Grey mangrove   

Boraginaceae Heliotropium 
europaeum 

Potato weed              *  

Caryophyllaceae Silene gallica French catchfly              *  

Caryophyllaceae Silene nocturna Mediterranean catchfly              *  

Caryophyllaceae Spergularia marina Salt sand-spurry              *  
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Family Species Common name Exotic Conservation
status 

Casuarinaceae Allocasuarina 
verticillata 

Drooping sheoak   

Chenopodiaceae Atriplex acutibractea A saltbush   

Chenopodiaceae Atriplex cinerea Coast saltbush   

Chenopodiaceae Atriplex paludosa ssp. 
cordata 

Marsh saltbush   

Chenopodiaceae Atriplex vesicaria Bladder saltbush   

Chenopodiaceae Atriplex vesicaria var 
variablis 

Bladder saltbush   

Chenopodiaceae Beta vulgaris Beet              *  

Chenopodiaceae Enchylaena tomentosa Ruby saltbush   

Chenopodiaceae Halosarcia 
halocnemoides 

Grey samphire   

Chenopodiaceae Halosarcia 
pergranulata var 
pergranulata 

Black seed samphire 
 

 

Chenopodiaceae Halosarcia pruinosa Waxy glasswort   

Chenopodiaceae Maireana 
appressa/radiata 

A cotton bush with no 
fruit   

Chenopodiaceae Maireana brevifolia Small-leaved bluebush   
Chenopodiaceae Maireana erioclada Rosy bluebush   
Chenopodiaceae Maireana 

erioclada/pentatropis 
A maireana with no 
fruit   

Chenopodiaceae Maireana oppositifolia Heathy bluebush   

Chenopodiaceae Maireana scleroptera A maireana   

Chenopodiaceae Maireana trichoptera A bluebush   

Chenopodiaceae Rhagodia candolleana Seaberry saltbush   

Chenopodiaceae Rhagodia crassifolia Fleshy saltbush   

Chenopodiaceae Salsola kali Buckbush rolypoly              *  

Chenopodiaceae Sarcoconia 
quinqueflora 

Bearded glasswort   

Chenopodiaceae Sclerolaena brevifolia 
poss. hybrid with S. 
obliquicuspis 

A copperburr or bindyii
 

 

Chenopodiaceae Sclerolaena uniflora Bassia   

Chenopodiaceae Sclerostegia arbuscula Shrubby samphire   

Chenopodiaceae Suaeda australis Austral sea-blite   

Chenopodiaceae Threlkeldia diffusa Coast bone fruit   

Compositae Angianthus 
tomentosus 

Hairy cup flower   

Compositae Arctotheca calendula Cape weed              *  

Compositae Centaurea melitensis Maltese cockspur              *  

Compositae Conyza bonariensis Flaxleaf fleabane              *  

Compositae Cratystylis 
conocephala 

Bluebush daisy   

Compositae Gazania linearis Gazania              *  

Compositae Hedypnois 
rhagadioloides 

Cretan weed              *  

Compositae Helianthus annuus Common sunflower              *  

Compositae Ixiolaena pluriseta A plover daisy 
 

Rare in SA, 
Unknown for 
EP 

Compositae Kippistia suaedifolia Kippistia  Rare in EP 
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Family Species Common name Exotic Conservation
status 

Compositae Olearia axillaris Coast daisy bush   

Compositae Olearia exiguifolia Small-leaved daisy-
bush   

Compositae Reichardia tingitana False sow thistle              *  

Compositae Senecio lautus Variable groundsel   

Compositae Sonchus oleraceus Common sow thistle              *  

Compositae Vittadinia cervicularis Fuzzweed   

Compositae Vittadinia cuneata Fuzzweed   

Compositae Vittadinia eremaea A vittadinia   

Crassulaceae Crassula sieberana var
tetramera 

Austral stonecrop   

Cruciferae Brassica tournefortii Long fruited wild turnip              *  

Cruciferae Cakile maritima Sea rocket              *  

Cruciferae Carrichtera annua Ward's weed or duck-
bill burr              *  

Cruciferae Diplotaxis tenuifolia Lincoln weed              *  

Epacridaceae Acrotriche patula Shiny ground berry   

Euphorbiaceae Euphorbia terracina Carnation weed, false 
caper              *  

Frankeniaceae Frankenia pauciflora Sea heath   

Frankeniaceae Frankenia sessilis Small leaved sea 
heath   

Gentianaceae Centaurium 
tenuiflorum 

A centaury   

Goodeniaceae Scaevola spinescens Spiny fanflower   

Gramineae Austrostipa 
drummondii 

Cottony speargrass   

Gramineae Austrostipa 
elegantissima 

Feather speargrass   

Gramineae Austrostipa eremophila Desert spear-grass   

Gramineae Austrostipa flavescens A spear-grass   

Gramineae Avena barbata Bearded oat              *  

Gramineae Bromus catharticus Prairie grass              *  

Gramineae Bromus rigidus Rigid brome              *  

Gramineae Critesion murinum Barley grass              *  

Gramineae Cynodon dactylon Couch grass   

Gramineae Danthonia setacea var 
setacea 

Bristly, or small 
flowered, or mulga 
wallaby grass 

 
 

Gramineae Festuca littoralis Coastal fescue   

Gramineae Lolium perenne Perennial ryegrass              *  

Gramineae Parafolis incurva Curly rye              *  

Gramineae Polypogon 
monspeliensis 

Annual beard-grass              *  

Gramineae Tribolium acutiflora Desmazeria              *  

Iridaceae Gynandriris setifolia Thread Iris              *  

Iridaceae Romulea minutiflora Guildford grass              *  

Labiatae Marrubium vulgare Horehound              *  

Labiatae Westringia rigida Stiff westringia   

Leguminosae Acacia anceps Port Lincoln wattle   
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Family Species Common name Exotic Conservation
status 

Leguminosae Acacia cyclops Western coastal wattle   

Leguminosae Acacia hakeoides Hakea wattle   

Leguminosae Medicago polymorpha Burr medic              *  

Leguminosae Senna artemesiodes Desert cassia   

Leguminosae Templetonia retusa Cockie's tongue   

Liliaceae Asphodelus fistulosus Onion weed              *  

Liliaceae Dianella brevicaulis Short fruited black 
anther flax- lily   

Liliaceae Dianella revoluta Black anther flax lily   

Liliaceae Lomandra collina Fibrous mat-rush   

Liliaceae Thysanotus baueri Mallee fringe lily   

Limoniaceae Limonium 
companyonis 

Sea lavender              *  

Limoniaceae Limonium sinuatum Notch leaved perennial 
sea lavender              *  

Loranthaceae Amyema melaleucae A mistletoe   

Malvaceae Lawrencia squamata  Thorny lawrencia   

Myoporaceae Eremophila glabra Tar bush   

Myoporaceae Eremophila weldii Purple emubush   

Myoporaceae Myoporum brevipes Warty myoporum   

Myoporaceae Myoporum insulare Boobialla   

Myrtaceae Eucalyptus calcareana Nundroo mallee   

Myrtaceae Eucalyptus gracilis White mallee   

Myrtaceae Eucalyptus stoatei Scarlet pear gum   

Myrtaceae Melaleuca lanceolata Moonah   

Myrtaceae Melaleuca pauperiflora Boree   

Pittosporaceae Pittosporum 
phylliraeoides 

Native apricot   

Primulaceae Anagallis arvensis Blue flowered 
pimpernel              *  

Proteaceae Hakea rugosa Dwarf hakea   

Rutaceae Geijera linearifolia Sheepbush, oil bush or 
wilga   

Santalaceae Exocarpos aphyllus Leafless cherry   
Santalaceae Santalum acuminatum Quandong   
Sapindaceae Dodonaea stenozyga Desert hopbush   
Solanaceae Lycium australe Australian boxthorn   
Solanaceae Lycium ferocissimum African boxthorn               *  
Solanaceae Solanum hystrix Afghan thistle   
Umbelliferae Bupleurum 

semicompositum 
Bupleurum               *  

Umbelliferae Foeniculum vulgare Fennel               *  
Zygophyllaceae Nitraria billardierei Dillon berry or nitre 

bush   

Zygophyllaceae Zygophyllum 
aurantiacum 

Shrubby twinleaf   

Zygophyllaceae Zygophyllum 
billardierei 

Coast twinleaf   
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Figure 6.4   Locations sampled during the survey (aerial photography from Mapland, 2003) 
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Table 6.4 Biodiversity information 
 

Statistics  
Total species 129 
Species exotic to Australia 43 
Australian indigenous species 86 
Eyre Peninsula indigenous species 84 
Exotics as percentage of biodiversity 35% 
Species of conservation significance 2 
  

 
No single survey can capture all species found on a site, and this survey was conducted in 
late spring / early summer, so it may under-represent the winter and spring flowering 
annuals, orchids and some of the more ephemeral grasses. However the survey would 
adequately confirm the presence of perennials and the later flowering annuals. In order to 
address any shortcomings of this survey, a comparison was made between the species 
found in this survey and those found in surveys of nearby areas, or those conducted 
previously on the site.  

 
 Plate 1  Silver mulla mulla  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Plate 2 Hemichroa diandra   
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6.6.4 Dune and Clifftop Vegetation 
 
The first quadrat (No. 1) of this survey was located on a clifftop area on the western 
extremity of the study site. It was a similar quadrat to those reported by Oppermann (1999) 
in A Biological Survey of the South Australian Coastal Dune and Clifftop Vegetation, 
making it a useful site for comparative purposes.  
 
There were thirty-seven (37) distinct species found in this quadrat, of which eight (8) were 
exotic species. Oppermann records that the median number of species for clifftop locations 
in Eyre Peninsula West is twenty (20), with a maximum of forty (40) and a minimum of five 
(5).  
 
Similar statistics for the next region westward (Head of Bight) are lower, with the median 
number of species being thirteen (13), the maximum twenty-two (22) and the minimum 
three (3). From this comparison, it would appear that quadrat 1 represents the higher end 
of biodiversity for clifftop sites in the region. 

 
Figure 6.5 Lifeform analysis of the Ceduna site 

 
Note: MI: Mistletoes, V: Vines and twiners, X: Ferns, P: Mat plants, J: Herbaceous plants, GL: Grasses 
<0.5m, GT: Grasses >0.5m, VL: Sedges <0.5m, VT: Sedges >0.5m, H: Hummock grass, SD: 
Shrubs<0.5m, SC: Shrubs 0.5-1m, SB: Shrubs 1-1.5m, SA: Shrubs 1.5-2m, S: Shrubs >2m, KS: Low 
mallee <3m, KT: Mallee >3m, LB: Trees <5m, LA: Trees 5-10m, M: Trees 10-30m, T: Trees >30m 

 
Oppermann  (1999) conducted lifeform analyses along the coastline, using amalgamated 
data for all sites in each region. Such analysis may be presented as frequency (percentage 
of species present) or abundance (area of cover) data and Oppermann presented both. 
The current survey only produced frequency data, so this is all that may be compared. All 
species located on the study site were classified according to their lifeform, and the 
frequency graphed. 
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Figure 6.6 Lifeform analyses, Eyre Peninsula West to Nullabor (Oppermann, 1999) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

 
 
 
 

In all three of Oppermann’s graphs, the dominant lifeforms are the low shrubs, followed by 
the taller shrubs, forbs, grasses and mat plants. The current survey site contains a much 
larger percentage of forbs than Oppermann’s sites, however the overall lifeform classes 
and relative distributions are similar to her findings, with a complete lack of large trees, and 
a paucity of sedges, hummock grasses and ferns, and with the dwarf shrubbery providing 
the larger variety than the taller shrubbery. The difference may be explained by 
Oppermann mainly reporting perennial species, which would have resulted in an under 
representation in her graphs of annuals – these would have occurred largely in the forbs, 
mat plants and grasses classes.  
 
The comparison above suggests that the dune and clifftop is relatively representative of the 
vegetation that is normally found in similar sites of the region, even though some of the site 
has been grazed extensively in the past. 
 
A review of historic aerial photography suggests that only the northern extremity and south-
eastern extremity of the site have been cleared. The remainder of the site has been grazed 
to varying extents.  Many of the shrubs along the western edge of the coastal strip north of 
the existing service station have been in existence for at least fifty years. The large dune 
itself has become steadily more vegetated over that time, but at least one large mallee is 
still in evidence today that predates the earliest photograph. 
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The long sloping hill at the south-eastern corner of the study area was cleared prior to 
1950, and has been mined for sand or gravel. This block has excellent quantities of 
Danthonia setacea and several types of Austrostipa still existing between a heavy 
infestation of noxious and other weeds. While much of the north-western block has been 
cleared, the southern portion of the northern block contains many large shrubs and mallees 
that can be identified in the 1968 photograph.  

 
The small dune east of the highway, just north of the border checking station has seen 
considerable growth of native vegetation in the denuded patch, however there are some 
older shrubs that are in evidence in early photographs – particularly towards the north of 
the dune and along its eastern boundary.  
 
The trees currently growing along the road reserve on the north-western boundary of the 
north eastern block are only just in evidence in the 1968 photograph, however the band of 
tall shrubs and low mallees located along the southerly base of the slope were already 
mature. The effects of off-road vehicles and mining are clearly visible in the centre of the 
more recent photograph. This impact is limited in area, with the dunes along the eastern 
boundary of the block being in good condition. Many of the larger shrubs on these dunes 
are visible in the early photograph. 

 
6.6.5 Saltmarsh 
 
Much of the published data for the coastal zone vegetation of the West Coast concentrates 
on dune and clifftop vegetation. Saltmarsh vegetation is largely unstudied. Unpublished 
data is available on request from the Department for Environment and Heritage. 
Departmental staff (Fotheringham, pers.comm.) have recorded plants found in saltmarsh 
areas at Laura Bay, Tourville Bay, Acraman Creek and Cape Missiessy. Thirteen individual 
site records are available for the four sites and Table 6.5 below is a compilation of the 
species recorded across all the sites. 
 
Table 6.5 West Coast intertidal salt marsh species (DEH data, Fotheringham, 2004) 

  
Species  Common name Distribution 
*Bupleurum semicompositum Hare's Ear <5% 
*Hymenolobus procumbens Oval Purse sparsely present 
*Parapholis incurve Curly Ryegrass <5% 
*Spergularia diandra Lesser Sand-spurrey sparsely present 
Atriplex paludosa ssp. cordata Marsh Saltbush 5-25% 
Calandrinia eremaea Dryland Purslane sparsely present 
Carpobrotus rossi Native Pigface <5% 
Crassula sieberiana ssp. tetramera Australian Stonecrop <5% 
Disphyma crassifolium  Round-leaf Pigface <5% 

Frankenia pauciflora var. fruticulosa Southern Sea-heath <5% 

Frankenia sessilis Small-leaf Sea-heath sparsely present 
Geijera linearifolia Sheep Bush sparsely present 
Halosarcia flabelliformis Bead Samphire 5-25% 
Halosarcia halocnemoides Grey Samphire 5-25% 
Halosarcia indica ssp. leiostachya Brown-head Samphire 25-50% 
Hemichroa diandra Mallee Hemichroa <5% 
Lawrencia squamata Thorny Lawrencia 5-25% 
Maireana oppositifolia Salt Bluebush 5-25% 
Nitraria billardierei Nitre-bush sparsely present 
Poa fax Scaly Poa sparsely present 
Rhagodia candolleana  Sea-berry Saltbush sparsely present 
Samolus repens Creeping Brookweed sparsely present 
Sarcocornia blackiana Thick-head Samphire sparsely present 
Sarcocornia quinqueflora Beaded Samphire 5-25% 
Sclerostegia arbuscula Shrubby Samphire >75% 
Senecio glossanthus Annual Groundsel sparsely present 
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Species  Common name Distribution 
Senecio lautus Variable Groundsel <5% 
Stipa drummondii Cottony Spear-grass sparsely present 
Suaeda australis Austral Seablite 5-25% 
Threlkeldia diffusa Coast Bonefruit sparsely present 
Triglochin sp. Arrowgrass/Water-ribbons <5% 
Wilsonia humilis var. humilis Silky Wilsonia sparsely present 
Zygophyllum billardierei Coast Twinleaf <5% 

 
When compared to the salt marsh species found in the current survey, 64% of the species 
recorded on the Department’s regional list were present on the Ceduna study site. Of the 
twelve species that were not recorded, the majority were specialist plants that would be 
expected only in specific habitats. For example, Samolus repens, Sarcocornia blackiana 
and some Triglochin species are found where there is an input of fresh or brackish waters, 
while Halosarcia flabelliformis has very specific soil and hydrological requirements that are 
not yet completely understood. 
 
The vegetation association map also displays about 43 hectares of bare earth (either in the 
pan sections of the stranded saltmarsh or denuded areas of sand in the dunes and ridges), 
and some small patches of intertidal reef. 
 
The coastal strip shows the gradual expansion of mangrove trees. The oldest mangroves 
are still in evidence in the earlier photographs, but the woodland is now both denser and 
more extensive than it was 36 years ago, as it is prograding across the intertidal saltmarsh. 
 
Dense Sclerostegia arbuscula mark the drainage channels through the stranded salt 
marsh. Although these shrubs do not attain great stature, they are a long lived species, 
making it quite possible that the individual shrubs present today have survived the changed 
conditions since the highway cut off tidal flushing. 
 
6.6.6 Conservation Status of Indigenous Flora Species 
 
Conservation significance of plants occurring on the study site was determined at a 
regional level using the report “Biodiversity Plan for Eyre Peninsula”, Department for 
Environment and Heritage (2002), at a State level using the National Parks and Wildlife Act 
1972 of South Australia, Schedules 7-9, and at a National level using Briggs and Leigh 
(1996). The latter document forms the basis for listing plants under the Federal 
Environment Protection and Biodiversity Conservation Act 1999 of Australia.  
 
Two species present on the study site, Ixiolaena  pluriseta and Kippistia suaedifolia, have 
conservation ratings.  
 
Ixiolaena pluriseta (a plover daisy), found in Quadrat 1, located on the western coastal strip 
as shown on Figure 6.4, has a rating of Rare for the State, and a status of Unknown for the 
Eyre Peninsula. According to Jessop and Toelken (1986) this species has only been 
collected from Smoky Bay to Fowler Bay, on the Nuyts Archipelago and one specimen 
from Nullabor Homestead. The plant is found principally on the calcareous sands of low 
coastal cliffs and the adjacent dunes. The specimens found in this survey (sampling 
quadrat 1), were on sands overlying a low rocky clifftop.  This area will not be impacted by 
the development, particularly as this area has now been excluded from the project. 
 
Kippistia suaedifolia (fleshy miniura) has a rating of Rare for the Eyre Peninsula. It prefers 
to grow on sandhills, claypans, limestone and gypsum, and was recorded during this 
survey in quadrat 20, on the crest of the sandpit and within the pit itself.  This location is 
within the area of the development. 
 
Previous surveys (EMS, 2004) reported several other species with conservation 
significance or interest. Maireana aphylla, with conservation interest due to its status of 
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Uncommon on the Eyre Peninsula, was not recorded during this survey, although seven 
other species of Maireana were found. The EMS survey noted that these plants were 
mainly located in the golf course roughs, and this more recent survey did not visit the golf 
course. 
 
Trailing hemichroa (Hemichroa pentandra) with a rating of Rare for the Eyre Peninsula was 
not recorded in this survey, although its close relative Hemichroa diandra was a co-
dominant in many of the quadrats surveyed. The EMS survey noted that the plants were 
not flowering during their survey. As the two species can be separated most reliably by 
examining the anthers of the flowers, it is possible that the earlier records were an estimate 
of the species, rather than a determination. 
 
The Environment Protection and Biodiversity Conservation Act 1999 of Australia includes 
no South Australian ecological communities at present. Regionally, tussock grasslands are 
considered to be threatened on the Eyre Peninsula (DEH, 2002). 
 
Thirty-five percent (35%) of the species found on the site were weed species. This is a low 
infestation of weeds in comparison to metropolitan coastal sites, which typically average 
sixty-five percent (65%) exotics as a percentage of biodiversity. Many of the weeds were 
present in the dunal areas, while the salt marsh areas (dominated by samphires) tended to 
have a lower percentage of exotics. This is usual, and surveys of other salt marsh areas in 
the vicinity suggest that in salt marsh areas the weed infestation is likely to be around 
twelve percent (12%) of the biodiversity.  
 
Acacia cyclops (the western coastal wattle) tends to provoke debate on whether its status 
is indigenous or a regional weed. The Biodiversity Plan for Eyre Peninsula states that this 
species has “a strong western distribution becoming more dominant to the west.” 
 
Another regional aberration was the presence of Eucalyptus stoatei (Scarlet pear gum) in 
the sand pit. This species of marlock has a very restricted distribution east and north-east 
of Ravensthorpe in Western Australia. The tree was quite possibly planted in its current 
location. 
 

6.7 Birds  
 
6.7.1 Bird Species and Conservation Status 
 
During the site visits in late November 2004, opportunistic sightings of birds and a 20-
minute point observation were recorded. The species are listed below, in Table 6.6. The 
days of the field trip were abnormally hot and windy, so the species observed were limited. 
Terrestrial birds were generally found hiding in vegetation, and water birds were usually out 
into the water as far as they could manage, or hidden in the mangroves until after sunset, 
where upon they came back onto the mudflat to feed during the cooler weather. 
 
The species diversity of this general region is indicated by the bird species observed by 
members of Birds Australia. The 128 species of birds recorded within the 1-degree block 
(approximately 3600 square kilometres) surrounding the site are provided in Table 6.7. 
 
Table 6.6 Bird sightings in late November 2004 (Delta staff) 

 
Species Common name 

Anthus novaeseelandiae Richard's pipit 
Calidris canutus Red knot 
Certhionyx niger Black honey eater 
Charadrius ruficapillus Red capped dotterel 
Chlidonias hybrida Whiskered tern 
Corvus spp. Ravens 
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Cygnus atratus Black swan 
Falco cenchroides Nankeen kestrel 
Haematopus fuliginosus Sooty oystercatcher 
Haematopus longirostris Pied oystercatcher 
Larus novaehollandiae Silver gull 
Larus pacificus Pacific gull 
Limosa limosa Bar-tailed godwit 
Malurus spp. Wrens (female) 
Milvus migrans Black kite 
Passer domesticus* Sparrow 
Pelecanus conspicillatus Australian pelican 
Phalacrocorax varius Pied cormorant 
Pomatostomus superciliosus White browed babbler 
Rhipidura leucophrys Willie wagtail 
Sterna bergii Crested tern 
Sterna caspia Caspian tern 
Sturnus vulgaris* Starling 
Threskiornis molucca Sacred ibis 
Tringa nebularia Greenshank 
Tringa spp. Sandpipers 

 
As indicated earlier in Section 6.6 the habitat diversity remains, and the dune/cliff areas, 
particularly in the west of the study area, are in good condition.  Most of the species would 
likely occur in or visit the study area. 
 
Red knots were seen working the northern reefs for food, while red capped dotterels 
(plovers) were common along the sandy beaches. Sandpipers and greenshanks foraged 
across the sand flats, following the tide out. 
 
The common birds one would expect to find on the site are ravens, crows and introduced 
species. All other birds occurring on the study area and adjacent blocks are protected 
under State and Federal legislation. The conservation significance of each species is given 
in the table below, which shows all species recorded by Birds Australia within one degree 
of the study site.  

 
Table 6.7 Birds Australia records of birds within 1-degree block that includes study site 

 
Family Common Name Species name Conservation Interest 

Phasianidae Stubble Quail  Coturnix pectoralis  
Anatidae Blue-billed Duck  Oxyura australis Rare (SA NP&WS), EPBC 

Act, rare EP 
Anatidae Musk Duck  Biziura lobata Rare (SA NP&WS), EPBC 

Act 
Anatidae Black Swan  Cygnus atratus EPBC Act 
Anatidae Grey Teal  Anas gracilis EPBC Act 
Anatidae Chestnut Teal  Anas castanea EPBC Act 
Anatidae Hardhead  Anthya australis EPBC Act 
Podicipedidae Australasian Grebe  Tachybaptus 

novaehollandiae 
 

Podicipedidae Hoary-headed Grebe  Poliocephalus 
poliocephalus 

 

Sulidae Australasian Gannet  Morus serrator  
Anhingidae Darter  Anhinga melanogaster  
Phalacrocoracidae Little Pied Cormorant  Phalacrocorax 

melanoleucos 
 

Phalacrocoracidae Black-faced Cormorant  Phalacrocorax 
fuscescens 
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Family Common Name Species name Conservation Interest 

Phalacrocoracidae Pied Cormorant  Phalacrocorax varius  
Phalacrocoracidae Little Black Cormorant  Phalacrocorax 

sulcirostris 
 

Phalacrocoracidae Great Cormorant  Phalacrocorax carbo  
Phalacrocoracidae Australian Pelican  Pelecanus 

conspicillatus 
 

Ardeidae White-faced Heron  Egretta 
novaehollandiae 

 

Ardeidae Little Egret  Egretta garzetta Rare SA 
Ardeidae Eastern Reef Egret  Egretta sacra Rare (SA NP&WS), EPBC 

Act, rare EP 
Ardeidae Great Egret  Egretta alba EPBC Act 
Plataleidae Royal Spoonbill  Platalea regia  
Pandionidae Osprey  Pandion haliaetus Rare (SA NP&WS), EPBC 

Act, rare EP 
Accipitridae Black-shouldered Kite  Elanus axillaris EPBC Act 
Accipitridae Black Kite  Milvus migrans EPBC Act 
Accipitridae White-bellied Sea-Eagle  Haliaeetus leucogaster Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Accipitridae Spotted Harrier  Circus assimilis EPBC Act 
Accipitridae Swamp Harrier  Circus approximans EPBC Act 
Accipitridae Wedge-tailed Eagle  Aquila audax EPBC Act 
Falconidae Brown Falcon  Falco berigora EPBC Act 
Falconidae Nankeen Kestrel  Falco cenchroides EPBC Act 
Turnicidae Little Button-quail  Turnix velox  
Scolopacidae Bar-tailed Godwit  Limosa limosa EPBC Act 
Scolopacidae Whimbrel  Numenius phaeopus EPBC Act 
Scolopacidae Eastern Curlew  Numenius 

madagascariensis 
Vulnerable (SA NP&WS), 
EPBC Act, Vulnerable EP 

Scolopacidae Marsh Sandpiper  Tringa stagnatilis EPBC Act 
Scolopacidae Common Greenshank  Tringa nebularia EPBC Act 
Scolopacidae Common Sandpiper  Actitis hypoleucos EPBC Act 
Scolopacidae Grey-tailed Tattler  Heteroscelis brevipes EPBC Act 
Scolopacidae Ruddy Turnstone  Arenaria interpres Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Scolopacidae Great Knot  Calidris tenuirostris EPBC Act 
Scolopacidae Red Knot  Calidris canutus EPBC Act 
Scolopacidae Sanderling  Calidris alba EPBC Act 
Scolopacidae Little Stint  Calidris minuta EPBC Act 
Scolopacidae Red-necked Stint  Calidris ruficollis EPBC Act 
Scolopacidae Sharp-tailed Sandpiper  Calidris acuminata EPBC Act 
Scolopacidae Curlew Sandpiper  Calidris ferruginea EPBC Act 
Haematopodidae Pied Oystercatcher  Haematopus 

longirostris 
 

Haematopodidae Sooty Oystercatcher  Haematopus 
fuliginosus 

Site of international 
importance according to 
National Plan for shorebird 
Conservation (Watkins, 
D.) Ranking 5th in 
Australia.  

Recurvirostridae Black-winged Stilt  Himantopus 
himantopus 

EPBC Act 

Recurvirostridae Banded Stilt  Cladorhynchus 
leucocephalus 

EPBC Act 

Charadriidae Pacific Golden Plover  Pluvialis dominica EPBC Act 
Charadriidae Grey Plover  Pluvialis squatarola Site of national importance 

according to National Plan 
for shorebird Conservation 
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Family Common Name Species name Conservation Interest 

(Watkins, D.) EPBC Act 
Charadriidae Red-capped Plover  Charadrius ruficapillus EPBC Act 
Charadriidae Double-banded Plover  Charadrius bicinctus EPBC Act 
Charadriidae Lesser Sand Plover  Charadrius mongolus EPBC Act 
Charadriidae Greater Sand Plover  Charadrius 

leschenaultii 
EPBC Act 

Charadriidae Inland Dotterel  Charadrius australis EPBC Act 
Charadriidae Hooded Plover  Thinornis rubricollis Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Charadriidae Banded Lapwing  Vanellus ticolor EPBC Act 
Charadriidae Masked Lapwing  Vanellus miles EPBC Act 
Laridae Pacific Gull  Larus pacificus  
Laridae Silver Gull  Larus novaehollandiae  
Laridae Caspian Tern  Sterna caspia  
Laridae Crested Tern  Sterna bergii  
Laridae Fairy Tern  Sterna nereis Vulnerable (SA NP&WS), 

ssp nereis vulnerable EP 
Laridae Whiskered Tern  Chlidonias hybrida  
Columbidae Rock Dove  Columba livia*  
Columbidae Common Bronzewing  Phaps chalocoptera  
Columbidae Brush Bronzewing  Phaps elegans  
Columbidae Crested Pigeon  Ocyphaps lophotes  
Columbidae Peaceful Dove  Geopelia striata Rare EP 
Cacatuidae Galah  Eolophus roseicapilla  
Psittacidae Australian Ringneck  Barnardius zonarius 

race zonarius 
 

Psittacidae Mulga Parrot  Psephotus varius  
Psittacidae Rock Parrot  Neophema petrophila Rare (SA NP&WS), rare 

EP 
Cuculidae Pallid Cuckoo  Cuculus pallidus  
Cuculidae Fan-tailed Cuckoo  Cuculus flabelliformis  
Cuculidae Horsfield's Bronze-Cuckoo  Chrysococcyx basalis  
Tytonidae Barn Owl  Tyto alba  
Apodidae Fork-tailed Swift  Apus pacificus EPBC Act 
Maluridae Variegated Fairy-wren  Malurus lamberti  
Pardalotidae Striated Pardalote  Pardalotus striatus  
Pardalotidae White-browed Scrubwren  Sericornis frontalis  
Pardalotidae Weebill  Smicrornis brevirostris 

race brevirostris 
 

Pardalotidae Inland Thornbill  Acanthiza apicalis  
Pardalotidae Chestnut-rumped Thornbill  Acanthiza uropygialis  
Pardalotidae Yellow-rumped Thornbill  Acanthiza chrysorrhoa  
Pardalotidae Southern Whiteface  Aphelocephala 

leucopsis race 
maculatus 

 

Meliphagidae Red Wattlebird  Anthochaera 
carunculata 

 

Meliphagidae Spiny-cheeked Honeyeater  Acanthagenys 
rufogularis 

 

Meliphagidae Yellow-throated Miner  Manorina flavigula  
Meliphagidae Singing Honeyeater  Lichenostomus 

virescens 
 

Meliphagidae Purple-gaped Honeyeater  Lichenostomus 
cratitius 

 

Meliphagidae White-fronted Honeyeater  Phylidonyris albifrons  
Meliphagidae Crimson Chat  Epthianura tricolor  
Meliphagidae White-fronted Chat  Epthianura albifrons  
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Family Common Name Species name Conservation Interest 

Petroicidae Jacky Winter  Microeca fascinans  
Petroicidae Red-capped Robin  Petroica goodenovii  
Pomatostomidae White-browed Babbler  Pomatostomus 

superciliosus 
 

Neosittidae Varied Sittella  Daphoenositta 
chrysoptera 

 

Pachycephalidae Gilbert's Whistler  Pachycephala inornata Rare EP 
Pachycephalidae Golden Whistler  Pachycephala 

pectoralis 
 

Pachycephalidae Rufous Whistler  Pachycephala 
rufiventris 

 

Pachycephalidae Grey Shrike-thrush  Colluricincla 
harmonica 

 

Dicruridae Magpie-Lark  Grallina cyanoleuca  
Dicruridae Grey Fantail  Rhipidura fuliginosa  
Dicruridae Willie Wagtail  Rhipidura leucophrys  
Campephagidae Black-faced Cuckoo-Shrike  Coracina 

novaehollandiae 
 

Campephagidae White-winged Triller  Lalage sueurii  
Artamidae Dusky Woodswallow  Artamus cyanopterus  
Artamidae Grey Butcherbird  Cracticus torquatus  
Artamidae Australian Magpie  Gymnorhina tibicen  
Corvidae Australian Raven  Corvus coronoides  
Corvidae Little Raven  Corvus mellori  
Corvidae Little Crow  Corvus bennetti  
Corcoracidae White-winged Chough  Corcorax 

melanorhamphos 
Vulnerable EP 

Motacillidae Richard's Pipit  Anthus 
novaeseelandiae 

 

Passeridae House Sparrow  Passer domesticus*  
Hirundinidae White-backed Swallow  Cheramoeca 

leucosternus 
 

Hirundinidae Welcome Swallow  Hirundo neoxena  
Hirundinidae Tree Martin  Hirundo nigricans  
Sylviidae Little Grassbird  Megalurus gramineus EPBC Act 
Alaudidae Rufous Songlark  Cincloramphus 

mathewsi 
 

Alaudidae Brown Songlark  Cincloramphus cruralis  
Zosteropidae Silvereye  Zosterops lateralis  
Muscicapidae Common Blackbird  Turdus merula*  
Sturnidae Common Starling  Sturnus vulgaris*  

 
A point of interest is the Sooty Oystercatcher numbers. It was notable during the November 
2004 site visit that while both Sooty Oystercatchers and Pied Oystercatchers were sighted 
foraging in the study area, only the Pied Oystercatcher was located further south, at Shelly 
Beach. This may be explained by the Sooty Oystercatcher’s preference for reefs, which are 
present at both extremities of the study area. Watkins (1993) lists Murat Bay, the full extent 
of which is shown in Figure 6.1, as a site of international importance for the conservation of 
this species. 

 
Table 6.8 Bird Australia wader counts in Murat Bay, 1984 & 2000 

 
Common Name Species name Murat Bay Wader 

Count (2000) 
Murat Bay species of 
significance 
identified during 
Wader Count (1984) 

Conservation Interest

Bar-tailed Godwit  Limosa limosa 26  EPBC Act 
Eastern Curlew  Numenius 

madagascariensis 
1  Vulnerable (SA 

NP&WS) EPBC Act, 
Vulnerable EP 

87



ENVIRONMENTAL IMPACT STATEMENT                                                                                         
                                                                                                                                                                                                                                                                       

                                                                                                                                                             

 
                                                                                                                                                                                                                                                                       

Common Greenshank  Tringa nebularia 46  EPBC Act 
Common Sandpiper  
 

Actitis hypoleucos 3  EPBC Act 

Grey-tailed Tattler  Heteroscelis brevipes 6  EPBC Act 
Ruddy Turnstone  Arenaria interpres 56 171 Site of national 

importance according 
to National Plan for 
shorebird Conservation 
(Watkins, D.) EPBC Act

Red Knot  Calidris canutus 38  EPBC Act 
Red-necked Stint  Calidris ruficollis 913  EPBC Act 
Sharp-tailed Sandpiper  Calidris acuminata 271  EPBC Act 
Curlew Sandpiper  Calidris ferruginea 144  EPBC Act 
Pied Oystercatcher  Haematopus longirostris 29   
Sooty Oystercatcher  Haematopus fuliginosus 107 163 Site of international 

importance according 
to National Plan for 
shorebird Conservation 
(Watkins, D.) Ranking 
5th in Australia.  

Grey Plover  Pluvialis squatarola 81 123 Site of national 
importance according 
to National Plan for 
shorebird Conservation 
(Watkins, D.) EPBC Act

Red-capped Plover  Charadrius ruficapillus 79  EPBC Act 
Banded Lapwing  Vanellus ticolor 238  EPBC Act 
Masked Lapwing  Vanellus miles 6  EPBC Act 

 
6.7.2 Possible Impacts on Bird Life 

 
Although there are large intertidal flats and reef areas elsewhere in Murat Bay, and south 
of Thevenard in Bosanquet Bay, it is important to minimise hydrological impacts on the 
intertidal flats in the immediate vicinity of the marina.  To minimise this potential impact 
during the detailed design plans, it is intended to place either pipes or culverts in the 
northern breakwater.   
 
This would allow water to freely drain from the sediments at low tide, maintaining the 
current equilibrium.  The construction of solid breakwaters, without any culverts/pipes, and 
channel may have altered the flushing and draining patterns of the sand flats, resulting in 
some areas becoming better drained (near the deep channel) and therefore firmer, while 
other areas may have drained less well (the newly formed ‘pockets’ where the groynes 
meet the beach) and therefore may have become hypoxic.  

 
Maintaining the drainage pattern is important for the species of invertebrate present, which 
has implications on the availability of appropriate food sources for migratory waders. 
Waders harvest food from the tidal flats. Each bird species has a particular preference – 
those with heavy beaks, such as Oystercatchers, can split open bivalve shells and would 
use the mussel top reefs as their major food source. Others, with more slender beaks, 
probe the sand flats for polychaete worms, sipunculids or small crustaceans. Those with 
longer beaks are able to obtain organisms that move deep within the sand, while the 
shorter beaked birds are restricted to those organisms that live close to the surface.  

 
The increased usage of the sand flats as boats enter and leave the marina may disturb the 
more sensitive species of birds in the vicinity.  The usage of the intertidal flats by boats will 
be limited by depth.  Obviously no boats will be present at very low tides or when exposed, 
when birds are likely to be foraging.  From a distance boats and noise may not be 
perceived as threat by birds, as predatory animal shapes are. 
 
The Sclerostegia arbuscula chenopod shrubland present in the stranded dissected 
saltmarsh currently provides habitat for many small birds such as Thornbills and Chats, 
and these birds do not utilise deep waterways as habitat.  The main area of this habitat is 
on the western coastal strip, which is now excluded from the development. 
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6.7.3 Interaction with Airport 

 
The proposed development is located on a site that varies from between 2 and 4 
kilometres from the Ceduna airport. Birds can pose a flight hazard near airports, and some 
sorts of developments may attract large numbers of birds. The twenty most dangerous 
birds, according to the Australian Transport Safety Bureau (2002) are the following: 
 
Table 6.9 Bird Strike Hazards (ASTB, 2002) 

 
Species Number of strikes 

(1991-2001) 
% resulting in 
damage to aircraft 

% having effect 
on planned flight 

Composite 
hazard ranking 

Eagle 38 55.3 13.2 1 
Ibis 39 41.0 17.9 2 
Duck 52 26.9 19.2 3 
Bat 72 25.0 13.9 4 
Galah 154 17.5 14.9 5 
Gull 136 15.4 3.7 6 
Kite 90 14.4 4.4 7 
Hawk 156 12.8 5.1 8 
Pigeon 53 16.9 0 9 
Owl 19 5.3 10.5 10 
Lark 16 12.5 0 11 
Starling 17 11.8 0 12 
Magpie 117 5.1 5.9 13 
Plover 143 6.9 2.8 14 
Curlew 31 9.7 0 15 
Peewee 18 0 5.6 16 
Falcon 18 0 5.6 17 
Swallow 66 4.6 0 18 
Kestrel 92 1.1 0 19 
Sparrow 38 0 0 20 

 
N.B. Due to the nature of birdstrike reporting, general terms are often used to identify the species of bird struck. 
Therefore, a number of sub-species may be listed under the one common generic name.  
 
The main hazard appears to be confined to those larger birds that fly in open areas, or that 
flock. Developments that encourage the presence of ibis, ducks, galahs and gulls would 
appear to be the most likely to increase the risk of bird strike at an airport.  
 
The existing site is a major wader site, and the proposed marina is not likely to increase the 
numbers of these birds. However, changed land use may attract other species in larger 
numbers.  The elimination of the proposed development on the western coastal strip 
(release 12) will reduce the potential impact on the intertidal flats.   
 
Open areas of fresh and brackish (as opposed to saline) wetlands are likely to attract birds 
such as ducks, ibis and egrets. The evaporation rate at Ceduna is unlikely to permit the 
development of fresh to brackish wetlands in anywhere other than soaks or in infrastructure 
areas such as sewage treatment facilities. At Ceduna the town’s sewage effluent ponds are 
located between the development and the airport, and increased numbers of houses and 
businesses will result in increased capacity requirements for the WWTP works. As outlined 
in Section 6.25, it is most likely that upgrading the capacity of the lagoons will be 
deepening rather than increasing the area.  As a result, there will be no increase, which 
might otherwise increase numbers of Ibis, ducks and egrets. 

 
Galahs may be attracted to open parks and gardens if the grasses include weed species 
such as guildford grasses (Romulea spp.) and Erodium sp. (crane’s and stork’s bills). They 
also prefer areas where cover is kept less than 15 cm tall.  
 
Open flat areas may provide roosting areas for gulls. Gulls are a particular problem as they 
are scavengers, and will move to new developments to scavenge from parks, bins, the 
outside of food processing plants and shopping centres. Gulls tend to be attracted to 
fishing vessels, and may be attracted to the marina if it is developed as a commercial 
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fishing centre. Besides being attracted to the development itself, gulls may be attracted to 
the local support infrastructure. At Ceduna the rubbish tip is located between the proposed 
development and the airport, and increased numbers of houses and businesses will result 
in increased usage of the tip. Unless the expansion of the tip is managed carefully, larger 
exposures of waste may occur, and these may attract gulls.  The rubbish tip is managed by 
Council and it would be appropriate that management practices are reviewed to ensure 
that there is daily coverage of material, reducing food availability and therefore risk. 

 
6.8 Reptiles and Amphibians 
 
The sandy areas (dunes and ridges) of the site contained large numbers of small painted dragons 
(Ctenophorus pictus) that ran rapidly for shelter under thorny bushes as they were approached. In 
the early morning the sandy sections of the site showed tracks of small snakes and lizards. As 
well as the live lizards noted in the following table, a jaw of a sleepy lizard was found, several 
lizard holes were noted and a scat from a large lizard that contained plant materials, beetle elytra 
and white snails was recorded. 
 
Table 6.10 Lizards sighted 
 

Common name Family: Species 
Painted dragons Agamidae: Ctenophorus pictus 
Sleepy lizards Scincidae: Tachydosaurus rugosus 
Small skinks Scincidae 

 
No amphibians were sighted or heard during the site visit. This is not surprising given the salty 
and dry nature of much of the site. It is possible that some amphibians may occur in winter in the 
area near the BP service station where a soak apparently exists. The soak was not evident to the 
consultants who undertook this visit. 
 
6.9 Mammals 
 
During the site visit a fox (Vulpes vulpes) was sighted and fox tracks and a hole were located. 
Several rabbits (Oryctolagus cuniculus) were seen, a scrape was located and their dung was 
widespread. The remains of a sheep (Ovis aries) and quantities of old sheep dung suggest that it 
may be some time since sheep were grazed on the site. Fresh horse tracks (Equus caballus) 
were also recorded. 
 
Wallaby tracks were found on the rocky headland to the northwest of the site. 
 
Conservation reserves in the district support populations of spinifex hopping mice (Notomys 
mitchelli) and echidnas (Tachyglossus acculeatus). It is possible that the dunal elements to the 
north and north west of the site may support these species. Other mammals that may possibly be 
found in the less disturbed portions of the site include the fat tailed dunnart (Sminthopsis 
crassicaudata), little long tailed dunnart (Sminthopsis dolichura), western pygmy possum 
(Cercatetus concinnus), western grey kangaroo (Macropus fuliinosus), and several species of 
bats. Strahan (1995) suggests that the area marks the western extremity of the eastern 
population of the southern forest bat, Vespadelus regulus.  

 
6.10 Terrestrial Invertebrates 
 
During the vegetation survey, any invertebrates that were present were noted. Several sweeps 
were also made during the late morning, in a sunny period with a light to moderate wind. 
Additionally a nighttime light trap was used to determine the range of nocturnal insects present.  

 
The weather during the site visit was hot, with a northerly wind blowing. In the daytime the small 
bush flies (Musca vetustimma) were in pestilential proportions, and at night they were replaced by 
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the flying stages of termites in similar proportions.  The other insect attracted to the light trap at 
night in large numbers was a small grey and white moth, probably Protolechia sp. Many small 
wasps were visible in the day time, and spiders were harvesting these in webs strung across the 
samphires and smaller shrubs. 
 
Invertebrates are not protected under the National Parks and Wildlife Act 1972 of South Australia. 
However, some South Australian butterfly species are listed under the federal government’s 
Action Plan for Butterflies (Sands and New, 2002), a document developed under the provisions of 
the Environment Protection and Biodiversity Conservation Act 1999 of Australia. According to the 
Biodiversity Plan for Eyre Peninsula (DEH, 2002) the butterfly groups most likely to contain 
threatened members are the Skippers, Coppers and Blues. The latter two groups require the 
attendance of specific plant species as well as habitat containing their food, making them 
particularly vulnerable to ecological disturbance.  
 
The Dinosaur ant (Nothomyrmecia macrops) does not have protection under legislation but is 
only known from seventeen sites on the Eyre Peninsula. It inhabits patchy stands of mallee, 
including Eucalyptus gracilis (present on the site). While no dinosaur ants were observed, this 
was expected as the ant is nocturnal. No honey trapping was conducted, as the nighttime 
temperatures were too high. The ants only forage when the temperature drops to less than 15-
18oC (DEH, 2002). 

 
Table 6.11 Terrestrial invertebrates recorded on the site 
 
Common name Order:Family:Species Day-time 

sweeps & 
observations 

Night trap 

Insects    
Black longicorn beetles Coleoptera: Cerambycidae x  
Ladybirds Coleoptera: Cocinellidae x  
Brown scarab beetles (many) Coleoptera: Scarabaeidae  x 
Dragonflies (large grey blue) Odonata: Libellulidae: poss. Orthetrum sp. x  
Wanderer butterfly Lepidoptera: Nymphalidae: Danaus 

plexippus 
x  

Lesser wanderer butterfly Lepidoptera: Nymphalidae: Danaus 
chrysippus 

x  

Orange/brown butterfly Lepidoptera: Nymphalidae x  
Caper white butterfly Lepidoptera: Pieridae: Anaphaeis java x  
Skipper butterflies Lepidoptera: Hesperiidae x  
Blue butterflies on melaleucas Lepidoptera: Lycaenidae x  
Case moth Lepidoptera: Psychidae:poss Hylarcta sp. x  
Feather wing moths Lepidoptera: Cosmopterigidae  x 
Small grey/white moths (many) Lepidoptera: Gelechiidae: prob Protolechia 

sp. 
 x 

Termites (winged queens) (many) Isoptera:   x 
Green tree hopper Hemiptera: Membracidae: Sextius 

virescens 
x  

Brown & white bugs Hemiptera: Lygaeidae  x 
Stink bug Hemiptera: Pentatomidae  x 
Burrowing bug Hemiptera: Cydnidae  x 
Cotton cushion scale Hemiptera: Margarodidae x  
Native bee with blue stripes Hymenoptera: poss Anthophoridae x  
Meat ants Hymenoptera: Formicidae: Iridomyrmex 

sp. 
x  

Large inch ant black rear, red body and 
yellow jaws 

Hymenoptera: Formicidae: Myrmecia sp. x  

Flying ant Hymenoptera: Formicidae  x 
Large black/orange heavy built potter wasp Hymenoptera: Vespidae x  
Iridescent green small wasps Hymenoptera x  
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Common name Order:Family:Species Day-time 
sweeps & 
observations 

Night trap 

Small yellow wasps Hymenoptera x  
Almost microscopic wasps Hymenoptera: poss Diapriidae  x 
Hoverflies Diptera: Syrphidae x  
Wait-a-while flies (bush flies, eye flies) Diptera: Muscidae: Musca vetustimma x x 
Big blue-bottle flies Diptera: Calliphoridae x  
Long-leg flies Diptera: Dolchopodidae  x 
Black biting flies Diptera: Tabanidae x  
Eucalyptus gall midges Diptera: Cecidomyidae x  
Antlions Neuroptera: Myrmeliontidae x  
Bush crickets Orthoptera: Gryllidae x  
Spiders    
Mexican hat spiders Araneae: prob Stiphiidae x  
Sac spider Araneae: Miturgidae x  
Garden orb, or wheel weaver spider Araneae: Araneidae: Eriophora 

transmarina 
x  

Green jumping spider Araneae: Salticidae x  
Flower spider Araneae: Thomisidae x  
Other arthropods    
Small red mites Acarina x  
Scorpion hole Scorpionida x  
Gastropods    
White snails Molluca: Helicidae: Cernuella vestita* x  
Small snails Molluca: Helicidae: Cochlicella acuta* x  

 
6.11 Marine Biological Communities 
 

6.11.1 Intertidal Flora and Fauna 
 

Murat Bay is a sheltered, calm water coast, and the majority of the bay coastline is taken 
up by wide sand flats, with rocky platforms, as can be identified in the aerial photograph 
(refer Figure 6.1). A series of observations was recorded for the intertidal zone within the 
study area. The locations of these observations are shown in Figure 6.7. 
 
The study area, located in the northeastern corner of the bay consists of an intertidal flat, 
but with rocky platforms confined to the northwest area of the study site.  The rocky 
portions of the site are dominated by Hormosira banksii, with small quantities of other 
brown macroalgae. The tubeworm Galeolaria is often present on these rocky sections, 
along with ribbed top shells, conniwinks and beaked mussels.  Musseltop reefs, formed 
by the growth of beaked mussels over limestone or coffee-rock, project out from the 
shore towards the sandy flats. These are sometimes edged with Hormosira banksii and 
Enteromorpha intestinalis. 
 
The sand flats themselves vary. There are firm areas of bare sand, large zones of soft 
sand with beds of Zostera and Ruppia, and some firm sand areas supporting Hormosira 
beds. The tidal flat version of Hormosira has larger, spherical vesicles (Womersley, 1984) 
when compared to the same alga growing on the reefs. Few other plants are present.  
 
Evidence of sand snails and benthic worms is common. Some areas appear to contain 
slightly hypoxic sediments, evidenced by the greyish colouration of the underlying sands, 
but these areas also contain evidence of worm habitation, suggesting that these zones 
may be organically enriched. Where clean sand occurs in rear reef pools, Pinna bicolor 
can be found.  
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Figure 6.7 Observation points in the intertidal zone 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6.8 Benthic quadrat and core locations 
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To obtain baseline information on the inhabitants of the sand flats, a transect was laid 
across the intertidal zone. At twenty (20) locations a quadrat was placed, and a record was 
made of the numbers of wormholes, snail trails, vegetation or visible animals. Details of the 
locations and methodology are given in the Delta Environmental Consulting Report 
provided as a working paper (refer Working Paper 3). 
 
At each observation point notes were made of the species present and any 
geomorphological features. The presence of slightly hypoxic sediments was linked to 
apparently larger numbers of wormholes. The largest numbers of worm holes were located 
in quadrats nearer the centre of the sampling transects, while snail trails were located 
towards the edges of the transect. 
 
At each site benthic cores (500 cm3) were also taken. The benthic cores confirmed the 
surface observations, returning greater numbers of organisms in those cores taken from 
the centre of the transect line. The majority of the organisms were polychaete worms and 
peanut worms (sipunculids), however the cores also contained numbers of gastropods, 
bivalves, crustaceans and ribbon worms. 
 
The northwestern extremity of the site contains several reefs that form fish traps. From the 
headland it was possible to observe fish in these areas as the tide went out. Mullet, whiting 
and black finned rays were sighted in the shallows. 
 
Amalgamated lists of all recorded fauna and flora of the intertidal zone, as well as notes on 
their ecological preferences, are provided below in Tables 6.12 and 6.13 respectively. 

 
Table 6.12 Intertidal fauna list, with ecological preferences 

 
Group Species Common 

name 
Ecological preferences (MacPherson & 
Gabriel (1962), Shepherd & Thomas (1989), 
Hale (1976)) 

Polychaete 
worms 

Australonereis 
ehlersi 

Bait worm Estuarine conditions, hunts from shelter of tough 
but limp sandy tube 

 Galeolaria 
caespitosa 

Tubeworms On hard substrates such as coffee-rock and 
limestone 

 Nephtys 
australiensis 

A polychaete Prefers muddy sand, burrows actively using 
pharynx, associated with seagrass beds 

 Olganereis 
edmondsi 

A polychaete Lives in intertidal sandy areas in a gelatinous 
sandy tube, only recorded in SA 

Gastropods Austrocochlea 
constricta 

Ribbed top 
shell 

Variety of habitats on low to medium energy 
coastlines 

 Batillaria sp. Mud whelk Sand and mud flats, feeds by crawling just under 
the surface 

 Bembicium 
melanostomum 

Dark mouthed 
conniwink 

Prefers sheltered bays and mangrove swamps 

 Cerithiopsidae Little creeper Almost microscopic small shells, no ecological 
details 

 Clanculus 
plebejus 

A clanculus Littoral reefs in calm waters 

 Cymatiella leseuri Leseur's sand 
whelk 

Intertidal reefs, eats anemones and ascidians 

 Diloma sp. A periwinkle Rocks and weeds in littoral pools 

 Lepsiella flindersi Flinder's 
lepsiella 

Found in association with Galeolaria, mussels 
and barnacles, its food source, on littoral reefs 

 Mitrella 
lincolnensis 

Dove shell Found on algae or crawling on the surface in the 
shallows 

 Nerita 
atramentosa 

Black nerite Littoral and supralittoral reefs 

 Salinator sp. Air breather, 
sand snail 

Samphire and mangrove flats as well as back 
dune swamps 

Bivalves Brachiodontes 
rostratus 

Beaked mussel On "mussel-top" reefs in upper and mid littoral 
zone, small bivalve Kellia australis always 
associated (not observed) 

 Katelysia 
scalarina 

Stepped 
venerid 

Sandy shores, lower littoral 

 Ostrea sp. Oyster On rocky reefs, mid littoral 
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Group Species Common 
name 

Ecological preferences (MacPherson & 
Gabriel (1962), Shepherd & Thomas (1989), 
Hale (1976)) 

 Pinna bicolor Razorfish In soft sand 

 Solemya australis Southern date 
shell 

Burrows in mud or sand in sublittoral zone 

Sipunculids Phascolosoma 
noduliferum 

A peanut worm In sand or embedded in Galeolaria colonies 

 Themiste sp. A peanut worm Gut contents: sand, shell particles and marine 
plant detritus 

Crustaceans Callianassidae sp. 
unk 

Sand borer 
shrimp 

Muddy sand flats 

 Gammaridea sp. 
unk (1) 

Sea louse Intertidal sand, detrital feeders 

 Gammaridea sp. 
unk (2) 

Sea louse Intertidal sand, detrital feeders 

 Philyra laevis Pebble crab Amongst brown algae in shallow pools 

Nemertean 
worms 

Nemertea sp. unk Ribbon worm Burrows in soft sediments of intertidal zone 

Bryozoans Unknown sp Lace coral In shallow back-reef pools  

 
Table 6.13 Intertidal flora list, with ecological preferences 

 
Phyla Order Family Species Common 

name 
Comments 

Cyanophyta   Rivularia sp. Blue green 
colonies 

Attached to rocks 

Phaeophyta Fucales Cystoseiraceae Cystoseira 
trinodis 

 Common in 
estuaries and 
sheltered rear-reef 
pools 

   Scaberia 
agardhi 

 Cast specimen from 
deeper water 

  Sargasaceae prob 
Sargassum 
verruculosu
m 

 In sheltered rear-reef 
pools 

Hormosira 
banksii forma 
banksii 

 Hormosiraceae  Neptune's 
necklace 

On sheltered 
platforms or 
musseltop reefs in 
sandy/muddy tidal 
flats 

 Ectocarpales Ectocarpaceae Unknown 
species 

 In sheltered rear-reef 
pools 

Rhodophyta Cryptonemiales Corallinaceae Unknown 
species of 
coralline 
algae 

 On other 
macroalgae 

Chlorophyta Ulvales Ulvaceae Enteromorph
a intestinalis

Green guts On reefs and 
platforms 

Magnoliophyta Potamogetonales Zosteraceae Zostera 
mucronata 

Eel grass Sandy/muddy 
intertidal flats 

   Zostera 
muelleri 

Eel grass Sandy/muddy 
intertidal flats 

  Potamogetonaceae Ruppia 
tuberosa 

Sea tassels Sandy/muddy 
intertidal flats 

 
6.11.2 Possible Impacts in the Intertidal Zone 

 
This issue has already been addressed in Section 6.7.2, in relation to the usage of the 
intertidal flats by birds.  More specifically in relation to the species inhabiting the 
sediments: 
 
• The construction of a boating channel and breakwaters may alter the flushing and 

draining patterns of the sand flats, resulting in some areas becoming better drained 
(near the deep channel) and therefore firmer, drier and better oxygenated.  The 
texture of the sand flats is quite likely a determining factor in which species of 
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invertebrates inhabit the benthos, so this type of habitat change could be reflected 
by a change in the species of invertebrates occupying the benthos. 

 
• Where breakwaters meet the beach the newly formed ‘pockets’ may drain less well, 

and may accumulate seaweed and seagrass wrack.  This could result in the 
sediments becoming softer, organically enriched and more hypoxic.  If accumulation 
is minor, the benthos may become dominated by species that can tolerate such 
conditions.  If accumulation is major, the rotting organics could produce hydrogen 
sulphide gases.  This has ecological effects as H2S can cause the death of benthic 
organisms, and aesthetic / health effects on air quality. 

 
To prevent the above potential problems, as indicated in Section 6.7.2, in the detailed 
design it is intended to minimise potential changes by the provision of culverts or pipes in 
the northern breakwater in order to maintain adequate drainage of the surface sediments. 
 
6.11.3 Subtidal Flora and Fauna 

 
Few previous studies of the marine system in this area have been undertaken. An 
assessment of the marine environment in South Australia was carried out by Edyvane 
(1999). This study classified the Murat Bay area as being within the “Streaky” biounit. 
Features typical of this biounit area are sheltered bays with rocky headlands interspersed 
by sandy beaches as indicated in Figure 6.1. Samphire and mangrove habitats line the 
shore and limestone reefs are common.  
 
There have been no areas identified as having significant biological value in the bay area, 
or in close proximity to the proposed marina. The closest region considered to have 
significant environmental value is Tourville Bay (Davenport Creek), which has been 
identified as a wetland of national importance (Edyvane 1999). 
 
The township of Ceduna is directly south of the study site and consequently there are 
many associated human uses of the area. The beach is used by many people for 
recreation such as walking and bathing in warmer weather. Fishing is also popular in this 
area and boats commonly come close in shore to fish. Evidence of people having 
harvested oysters from the intertidal area is also present. Pacific Oysters, a non-native 
species are farmed in Murat Bay, at the town of Denial Bay, 10km west of Ceduna. 

 
A series of dives were undertaken during April 2000 to generally describe the subtidal 
marine community. Table 6.14 contains a summary of the findings in the marine survey. 
The full details of the findings are included in EMS (2004). The information gained in the 
marine survey has also been transposed onto a map of the area in Figure 6.9. 
 
There were four main habitat types in the study area; sandy bottom (sometimes with 
small patches of Posidonia spp., Posidonia spp. dominated (sometimes with sparse 
Sargassum sp.), Sargassum sp. and Posidonia spp., and Zostera sp (Table 6.14).  
 
Some additional sub-groups have also been defined within these four main groups. 
Where the amount of Posidonia spp. present varied with sand, small amounts of 
Sargassum sp. were occasionally present. In addition, there were often small to medium 
sized patched of Posidonia spp. in the expanses of sand.  These sub-groups have been 
identified in Table 6.14 below. 
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Figure 6.9 Marine Habitats by Type 
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Table 6.15 Marine Habitat Types in the Marina Study Area in Murat Bay 
 

Habitat Type Total Area (km2) 
1a) Posidonia spp. 0.155982 
  b) Posidonia spp./Sargassum sp. 0.252085 
  c) Posidonia spp./sand 0.799801 
2a) Sand  0.38817 
  b) Sand/sparse Posidonia spp. 0.077015 
3. Sargassum sp./Posidonia s 0.252072 
4. Zostera sp. 0.104835 
Total Area 2.03km2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.10 Graph of Marine Habitat Types in the Proposed Marina Site at Murat Bay 
 
The most dominant habitat type was the seagrass Posidonia spp., commonly called 
tapeweed, which was interspersed with areas of clear sand. The abundance of Posidonia 
spp. varied throughout the area, tending to be very patchy. As the depth increased the 
seagrass tended to increase in density, with the greatest density occurring at the far 
south of the study site. A variety of other species also existed among the seagrass. 
Gastropods, sponges and egg masses, as well as epiphytic algae were commonly found 
attached to the leaves of the seagrass. 
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Plate 6.3  Seagrass beds (Posidonia spp.) 
 
Sargassum sp., a brown macroalgae, is more common in the shallower inshore areas 
where the reefs tend to be and consequently there is a rocky substrate. It also occurs in 
very sparse patches among the seagrass beds.  
 

 
Plate 6.4  Sargassum sp. stands among seagrass (Posidonia spp.) 
 
Zostera sp., a fine seagrass (interspersed with Heterozostera sp.) was common on the 
shallow waters of the northern reef, to the west of the study site.  It was however, 
overgrown with dense mats of epiphytes. 
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Plate 6.5 Zostera sp. interspersed with Heterozostera sp. 
 

Epiphytic algae were very abundant in the area. It commonly covered the leaves of the 
seagrass in varying densities. It was particularly abundant in the in shore areas, where the 
algal abundance was so prolific in some areas that it covered the seafloor and seagrass 
almost entirely. In these areas the sediment also tended to be extremely silty, with fine silt 
enveloping the divers in clouds when touching the sea floor.  
 
Fine silty sand was common across the area. There was a large area to the south of the 
proposed marina site that was almost continuous sand. There were also sometimes small 
patches of Posidonia spp, and or Pinna sp. present. The areas of sand had many 
“wormholes” in them. These were holes in the sand, where some flatworms were found 
(phylum Platyhelminth), but it is also possible that other taxa such as polychaetes could 
also be responsible for the holes. As samples of invertebrate fauna were not taken, it is 
uncertain exactly what taxa lay under the sand and therefore when these holes were 
identified they have been referred to under the general term of “wormholes”. 

 
 

Plate 4     Sandy areas with a high amount of fine silt and many 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Plate 6.6  Sandy areas with a high amount of fine silt and many “wormholes” in the sand 
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The razor-fish Pinna sp. commonly occurred across the whole study area. The only sites 
where it was not found in were quadrats at sites 1, 5, 9 and 15. It was most common at 
sites 8, 12, 7 and 3 (in order of dominance). This indicates the distribution of Pinna sp. is 
also very patchy. However, it did tend to be more common in the mid depths of 
approximately 3-4m and in the area around the reef at site 12. 
 
Where razor-fish were present, other encrusting species attached themselves to the 
Pinna sp. shell.  These species included barnacles, limpets, abalone, mussels, 
gastropods, scallops, sponges, encrusting and foliaceous red algae, and foliaceous green 
algae.  The other large species that commonly occurred throughout the area were solitary 
ascidians from the Ascidiidae family. They were most common in the central section of 
the study area, at sites 8 and 3. 

 

 
 

Plate 6.7 Pinna sp. with encrusting sponges and epiphytic algae 
 

 
 

Plate 6.8 Ascidian and Pinna sp. with Zostera sp. andepiphytic algae surrounding 
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There were taxa species found in the area that were of particular interest, but do not hold 
a conservation significance. A sea cucumber (Class Holothuroidea) was found at site 12 
and several stony corals (Order Scleractinia) were found in the shallow reef/Sargassum 
sp. area (sites 4 and 5). 

 
6.11.4 Potential Impacts on the Subtidal Communities 

 
The potential impacts include: 

 
• The loss of marine habitat by the construction of the entrance channel. As indicated 

earlier, the channel would be excavated through Zostera sp. beds and some areas 
of sand with sparse Posidonia sp. These communities however are widespread 
throughout the bay. 

 
• The potential for erosion of adjacent seagrass communities. It is intended however, 

to stabilise the channel edges with either rock or geotextile materials. Further 
geotechnical investigations (refer section 6.3) are still required to determine the 
nature of the material to be excavated. When this information is available, the risk of 
erosion and the most appropriate means of stabilisation can be determined. 

 
• Damage to seagrass meadows in the shallows near the entrance to the marina 

basin, as a result of boats taking short cuts to the entrance. This should be 
prevented by the appropriate controls being put in place. 

 
The potential impacts during construction are separately referred to in section 6.7.2. In 
consultation with the EPA, it is intended to develop quantitative baseline data of the 
benthic community and undertake long term monitoring of the subtidal communities in the 
vicinity of the channel. 

 
6.11.5 Impacts During Channel Construction 

 
(a) Construction Method 
 
(i) Earthworks entrance channel 

 
As indicated previously in Section 3.2, seaward of the breakwaters the entrance 
channel will be excavated to –4.0 m AHD.  The channel depth will be about 1.2 m at 
the breakwater end and get progressively shallower as it extends out into deeper 
water. 

 
Depending on the ground conditions excavations will either be by a barge-mounted 
excavator (or clamshell) or by a cutter suction dredge. 
 
It is anticipated that the deeper, near-shore excavations will encounter limestone 
and possibly harder rock under the surface sands and may need to be excavated by 
an excavator, dragline or clamshell. 
 
Off shore in the deeper waters where the depth of excavation will be less, it is 
anticipated that there will be less rock and that a cutter suction dredge may be an 
appropriate means of excavation. 
 
In both circumstances the spoil generated will be transferred back to shore, dried to 
an appropriate moisture level and then incorporated into the general landfill. 
 
Up to 10,000 m3 of barged or trucked material will be allowed for.  This material will 
be stockpiled on the surface of a previously filled area to facilitate drying before use 
as fill material. 
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In deeper waters (greater than –3.0 m AHD) the batters will be laid back at a slope 
of 1 in 3 for stability and to encourage the regrowth of seagrasses. 
 
In shore (-3.0 m AHD and higher) the entrance channel batters will be laid back at 1 
in 3 and protected against damage from wind and boat generated waves by rock rip 
rap. 

 
(ii) Dredging process 

 
A cutter suction dredge will be used to excavate the sections of the entrance 
channel that predominantly consist of sandy materials. 
 
Depending on the nature of the excavated material it is anticipated that the volume 
of dredged material will be in the order of 20,000 to 30,000 cubic metres. 
 
The dredged material will be pumped via a floating discharge line to a 45,000 cubic 
metre capacity, purpose-built holding basin located adjacent to the southern 
breakwaters. 
 
The basin will be configured to reduce flow through velocities and encourage the 
suspended solids to settle before the water is allowed to return to the Bay. 
 
The water in this basin will be tested and when turbidity levels meet agreed SA EPA 
requirements it will be allowed to return to Murat Bay.  Regular monitoring of 
turbidity levels will be undertaken.  Water not meeting the requirements will be 
diverted into the area enclosed by the breakwaters to allow further sedimentation 
and testing for compliance before being pumped out. 
 
The proposed extent of dredging and location of the onshore holding and 
sedimentation basins are shown on Figure 10.5 
 

(b) Potential Environmental Impacts 
 

(i) Area directly affected by channel constructions 
 
The channel alignment will cut through an inshore band of Posidonia spp on sand, 
which is approximately 180 metres wide.  The channel width, including batters, is 
approximately 70 metres wide.  An area of 1.25 ha will be impacted.  This particular 
inshore band totals approximately 9 ha.  However, this habitat is widespread in the 
Bay. 
 
Further offshore the channel will be laid across an area that is largely bare sand, 
with sparse Posidonia spp. (refer Figure 6.9). 
 

(ii) Effects on benthic fauna and flora in the excavation area 
 
The proposed dredging operation will result in a depth increase of approximately 1.2 
metres at the marina entrance, gradually decreasing further into the bay.  While the 
nature of the deeper sediments near the entrance channel is unknown, for much of 
its length with only a shallow cut it is likely to be largely sandy material. 
 
The excavation of the channel will initially result in a loss of the benthic fauna and 
flora (some of the sparse Posidonia spp).   
 
There have been a number of major reviews on the environmental dredging.  While 
undertaken some time ago, they still remain relevant.  These include literature 
reviews by Min Con (Vic) 1974, May (1973), Jones and Candy (1981), and the 
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detailed review as part of the USA Corp of Engineers Dredge National Research 
Programme, (DMRP) reported by Hirsch et al (1978).  These generally indicate that 
at sites of excavation biota may initially be decimated but recover with time.   
 
The recovery period varies considerably depending upon the extent of disturbance, 
type of environment and the biological characteristics of the biota concerned.  
Recovery periods of weeks, (e.g. Slotta et al, 1973; Zajac and Whitlach, 1982; 
Dauer, 1984; Jones, 1986, months (Connor and Simon, 1979) and years have been 
reported.   
 
Except in cases where there is a very large operation, say a deep excavation of 
several metres and over a large area (removing large quantities, say 1-2 million 
tonnes) excavation sites invariably recovered within one to two years, i.e. monitoring 
has indicated that the post dredging community is considered to be virtually the 
same as pre dredging.  In summary, key factors in dredging are: 
 
The environmental sensitivity of the area to be excavated and the adjacent areas.   
 
This involves both a consideration of the conservation value of an area and the 
tolerance of different communities and species to the dredging activities.  There is no 
offshore disposal area for dredged material. 
 
The type of material to be dredged.  This includes: 
 
- Substrate type – whether sands or clays, etc.  The excavation of clays is more 

likely to result in the production of a turbidity plume because of the suspension 
of colloidal material.  Disturbed sands, including the fines, are more likely to 
rapidly settle out. 

 
- The disturbance of contaminated sediments.  Dredging of channels in port 

areas, or near major urban or industrial areas, frequently involves the 
disturbance of sediments containing contaminants, such as heavy metals, toxic 
organics, hydrocarbons, etc. 

 
The method of operation 
 
This involves the type of equipment, e.g. cutter suction, bucket or ‘grab’ dredge, 
dragline, etc.  It also depends upon the method of access, duration of operation and 
season. 
 
The more naturally variable the environment (e.g. an environment normally 
subjected to natural physical disturbance such as storm effects on open coasts) then 
the less effect dredging (and disposal) appear to have.  It is variously suggested that 
the benthic communities of such areas are adapted to unstable sediment conditions 
and have natural lifecycles which allow them to withstand the stresses imposed by 
excavation and disposal. Lateral migration and larval recruitment play an important 
role in recolonisation.  Disturbed sites are often initially recolonised by opportunistic 
species which occur at adjacent sites, but which are not dominant at these sites.  
During early recolonisation such opportunistic species may initially become quite 
abundant at the dredge site until a more stable community is established.   
 
Recovery of the benthic community along most of the channel length, which is bare 
sand, should occur fairly rapidly.  It is likely that with the inshore area of Posidonia, 
approximately 1.25 ha, it may take decades for this seagrass to re-establish, if at all.  
Other species, however, such as Zostera may establish instead. 
 
Of greater concern would be the potential for lateral erosion of the adjacent inshore 
seagrass areas.  This is not such an issue further offshore where it is largely bare 
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sand.  It is intended to stabilise the channel, by placing a laid back side slope at 
(1:3).  The batters will be protected by rock rip rap sourced from the same location 
as the breakwater armour rock. 
 
For most of the channel length, it is likely that a cutter suction dredge will be used.  
This is the method that produces less sediment resuspension than other methods.  
While there will be some sediment deposition on adjacent areas, because it is likely 
to be sand that is removed for most of its length, this is likely to be localised.  It also 
has to be seen in the context of the sediment disturbance and resuspension that 
occurs due to periodic storm events, particularly on the large bare sand areas over 
much of the bay offshore of the marina. 
 
Overall, based on many studies undertaken elsewhere, the benthic communities 
along the length of the channel are likely to recover.  It is proposed to determine this 
by monitoring.  This will include developing a quantitative baseline data on the 
marine benthic communities along and immediately adjacent to the channel site 
prior to construction.  Monitoring will include: 
 
Examining the communities within the channel and adjacent area, 2 years after 
construction. 
 
Monitoring of any turbidity plume during channel excavation.  This would assist in 
defining any zone impacted by sediment deposition. 
 
In addition, it is proposed to monitor for any erosion in the inshore seagrass area 
adjacent the channel: 
 
• monthly after construction for a period of 2 years, and 
 
• following large storm events. 
 

(iii) Effects on water quality 
 
During dredging operation, the major effect on water quality is that associated with 
suspended solids and turbidity.  Heavy metals (such as Copper, Lead and Zinc), 
organics (such as pesticides), the plant nutrients nitrogen and phosphorus, 
hydrocarbons (oils) and dissolved oxygen are also of interest.  These are usually an 
issue if contaminated sediments are being dredged.  In this instance, it is unlikely 
that the area is contaminated.  However, this still needs to be confirmed (Section 
6.11.4 (c) below). 
 
Dredging activity will inevitably produce an increase in the level of suspended 
particulate matter and turbidity. 
 
In this instance, effects on turbidity can be due to: 
 
• The dredging operation, creating the channel. 

 
• The release of water from the onshore settlement ponds, back into the marine 

environment. 
 

• The opening of the marina basin after construction, stirring up any 
unconsolidated sediments. 

 
The effects of turbidity are likely to be short-lived.  It is anticipated that the dredging 
of the channel will take a few weeks.  Even during the operation, any turbidity 
increase will be intermittent, depending on the hours worked per day.  To some 
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extent the effects can be reduced by avoiding rough weather or spring tides when 
there would be greater water movement. 

It is unlikely that localised increased turbidity for a few weeks or months would 
significantly impact on seagrass areas within the Bay. 
 
Suspended solids will also increase within the vicinity of the dredging operation.  
However, the disturbed sands will rapidly settle out.  Smaller fractions (fines) will 
remain in suspension longer but will disperse rapidly with only a localised effect.  
While suspended solids can be abrasive or clog gill mechanisms, species such as 
fish or dolphins, etc., will normally avoid these conditions.  As the operation is for a 
short duration, there would be no lasting effects.  Nevertheless, turbidity and 
suspended solids will be monitored during the dredging operation. 
 
A monitoring program will be defined as part of the Construction Management Plan, 
refer Section 10.  The scope of the program will be confirmed with the EPA, but is 
likely to involve: 
 
• Prior to the dredging operation 
 

At selected sites and tidal conditions along the length of the channel corridor, 
measurements will be taken of turbidity and samples collected for suspended 
solids/particle size analysis.  The field measurements would use a combination 
of a secchi disc and a turbidity meter (nephelometer). 

 
• During offshore dredging 
 

Measurements will be taken of turbidity and samples collected for suspended 
solids: 
- at a suitably located control site, away from the influence of the dredging; 
- at 2-3 locations in close proximity to the dredging operation (within 50-100 m), 

and 
- along the track of any observed turbidity plume. 

 
Records will also be kept of: 
- the days (dates) on which dredging occurred, and 
- the total hours and time of operation. 

 
• Holding pond water release 
 

Measurements will be taken of the turbidity levels and suspended solids of 
water released to the marine environment, and at locations near the point of 
release (50, 100 m).  Initially this should be undertaken daily to ensure that 
these parameters are at acceptable levels. 

 
If monitoring indicates that predetermined acceptable levels (EPA, Environment 
Protection (Water Quality) Policy), of 10 NTU, turbidity), then the dredging operation 
should cease until conditions improve and/or the operation is modified. 
 
Similarly, if turbidity levels exceed those of the policy levels for marine waters, in the 
receiving waters adjacent the point of discharge from the holding ponds, the 
discharge will also cease. 
 
The effects of dredging activities on water quality have also been extensively studied 
in past reviews.  Despite the range of possible adverse effects, Hirsch et al (1978), 
Burks and Engler (1978) and other reviewers have concluded that except in 
sensitive areas, such as coral reefs, the effects of suspended solids and turbidity 
were invariably minimal.  They found that to a significant degree, this is usually the 
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result of the intermittent operation of excavation and the dispersion characteristics of 
any plume. 
 
A review of studies being conducted on the New York Bight, Great Lakes, Texas 
Gulf and Chesapeake Bay as part of the Westernport Bay Environmental Study, Min 
Con (1974) indicated that in relatively unpolluted waters dredging caused only local 
and transient effects on marine communities with insignificant effects on planktonic 
and nektonic species.  Studies showed that most adult organisms tolerate levels and 
durations far in excess of those recorded during actual dredging activities.  These 
studies were done in the laboratory on a variety of marine, estuarine and freshwater 
species using bioassay techniques and verified in the field. 
 
In this instance, it is intended that dredged material from the channel excavation will 
be pumped ashore to a holding basin, refer Figure 10.5 where it is dewatered.  The 
holding basin will allow the settlement of suspended solids and water will only be 
discharged when turbidity/suspended solids are at low levels (10 NTU, to meet EPA 
(2003) Environment Protection (Water Quality) Policy requirements). 
 
Within the onshore holding basins turbidity and suspended solid levels will reduce as 
the dredged material settles.  No water will be released back to the marine 
environment, without levels being reduced to acceptable levels.  The intent will be to 
conform with the Environment Protection (Water Quality) Policy EPA (2003).  Like 
the dredging operation itself, the release of water will also only last for a few weeks, 
and could probably be released beyond the seagrass area into the sandy areas. 
 
It can be expected that once the marina construction is completed and an opening 
made to allow the entry of seawater, there would initially be some resuspension of 
unconsolidated materials resulting in increased turbidity and suspended solids.  
While this would also be a short-lived effect, it will be minimised by controlling the 
rate at which the marina is initially filled and picking tides with low volume exchange 
(neap tide). 
 

(c) Investigations Prior to Channel Excavation 
 
Prior to dredging an environmental assessment will be undertaken for the purpose 
of: 
 
• Sampling and testing the sediments to be dredged for the presence of 

contaminants greater than criteria to be established in consultation with an SA 
EPA approved Environmental Auditor. 

 
The criteria will be based on the Health Investigation Levels (HIL’s), Ecological 
Investigation Levels (EIL’s) for soil in Table 5-A of the NEPC Guideline on the 
Investigation Levels for Soil and Groundwater (NEPM 1999) and the Interim 
Sediment Quality Guidelines (ANZECC 2000). 

 
• Selecting a location for the disposal of the dredged materials that minimises the 

impact on existing vegetation and groundwater. 
 
• Establishment of criteria for the handling and ultimate use of the dredged soils. 
 
The outcome of the above process is to obtain a licence to undertake the dredging 
and all associated activities. 
 

6.11.6 Development of Marine Biological Communities in the Marina Waterways 
 

It is important to appreciate that the marina waterways and the various rock walls and 
breakwaters will provide habitat for marine fauna and flora.  There are many examples of 
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this occurring, and has been reported elsewhere in other constructed man made 
waterways, e.g. the post construction survey of the Lincoln Cove Marina AGC (1990) or 
the study of the ecology of marinas by Nixon et al (1973).   
 
This is perhaps not surprising, as it would also be common knowledge that jetty pilings 
rapidly become encrusted by a diversity of species, boat harbours are typically popular 
fishing spots, and that artificial reefs, using car bodies, tyres etc., are developed because 
they are known to be of value.  The possible introduction of marine pests, particularly 
from visiting boats, is a concern and is discussed in Section 6.11.7 below. 

 
Other studies of waterways or marinas, including the initial investigations of water quality 
in West Lakes (EWS 1988) and water quality in coastal marinas by AEC (1988), also 
indicate the establishment of marine communities. 
 
The Lincoln Cove Marina, constructed in 1988, is very similar in many respects to the 
proposed Ceduna Marina. Shortly after the marina was constructed, a survey was 
undertaken to examine the development of marine communities and was reported in AGC 
(1990).  The following comments are taken from this source. 
 
At the time of observation the main entrance channel still had little vegetation, although at 
the seaward end scattered patches of Posidonia australis remained and Heterozostera 
tasmanica were now colonising the disturbed sediments. Most of the channel bed was 
covered with a deep, soft layer of fine sediment and is marked by abundant worm 
mounds. Notable benthic animals in this area were sipunculid worms, the holothurian 
Stichopus mollis and an echiurian. The marina basin bottom was covered with a deep, 
soft layer of fine sediment, which was easily disturbed. Some of the basin was similar to 
the channel bed, with worm mounds and sabellid worm tubes.  
 
Elsewhere, the bottom was covered by growths of macroalgae. Over much of the area a 
red algae (Spyridia, probably S. breviarticulata) formed a monospecific layer (10cm thick) 
resting on, but not attached to, the bottom. There were also many areas of bottom 
covered by attached mats of a short, filamentous form of this algae. The species of algae 
and their abundance would almost certainly vary seasonally.  The growth observed was 
not regarded as excessive. The lack of stability of the sediment and flora associations of 
the marina bottom was attributed to the recency of construction. The land areas around 
the waterways at the time of observation were still being vegetated. Some small patches 
of the seagrass, Halophila australis, were well established in the southern part of the 
main basin. 

 
The rock walls were examined during the survey. These were characterised, at shallow 
depths, by growths of the cosmopolitan initial colonising green algae Enteromorpha 
flexuosa; associated with Cladophora sp. along the southern side of the channel.  Blue-
green algae were also abundant on the northern wall, although they were absent on the 
southern wall.  Fine red algae (Pleonosporium sp.) dominated the rock surface at depths 
greater than 2 metres, with other reds (Nemalion helminthoides) and brown algae 
(Colpomenia peregrina and Lomentaria australis) were also common.  The tubular algae 
N. helminthoides was particularly common on the southern rock wall. The barnacle 
Balanus amphitrites was common in places, as was the butterfly shell Electroma 
georginiana.  The oyster Ostrea angasi was very abundant on some of the pilings along 
many of the rock walls.  These animals live attached to hard substrata from the sub-
littoral fringe down to the bottom of the marine (4-5m).  Significant numbers of oysters 
were being harvested for local consumption. 
 
A number of fish species were observed in the marina waterways during the survey 
including Magpie Perch (Coniistius vizonarius), Dusky Morwong (Psilocranium nigricans), 
Common Bullseye (Liopempheris multiradeata), Blenny (Pictiblennius tasmanianus) and 
Cobi (Cobiidae sp.). These species are typically associated with rocky reefs and were 
probably present originally on the small reefs edging Porter Bay.  These fish, then, are 
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indicative of the new marine community becoming established in the environment created 
by the marina. A number of species of recreational importance, including mullet and 
whiting, are also caught in the marina. 

 
Overall, it was apparent that the marina was rapidly being colonised by marine flora and 
fauna and because of the array of habitats available, rock walls, sandy substrate pilings 
etc., would likely eventually be a relatively diverse community. 
 
Nixon et al (1973) studied the ecology of boat marinas at Wickford Cove, Rhode Island.  
A comparison was made between the marina and the adjacent underdeveloped cove, 
which was an estuarine area with a large saltmarsh.  This was the same environment that 
existed at the marina site prior to its development. The studies included marsh grass 
(seagrass) production, phytoplankton, fish diversity, fauna and flora growing on hard 
surfaces, sediments and water quality. It was found that in most respects the marina and 
underdeveloped cove appeared to be not only similar, but also comparable ecological 
systems. 

 
6.11.7 Marine Pests 

 
As described by the Department of the Environment and Heritage, “Introduced Marine 
Pests” (DEH, 2005), marine pests are species that are introduced to Australian waters 
and translocated by a variety of vectors, including ballast water, bio-fouling on boat hulls 
and inside internal seawater pipes, aquaculture operation, aquariums as well as marine 
debris and ocean currents. 
 
There are currently about 250 introduced marine species in Australia, including both 
animals and plants.  Better known species include the Black striped mussel (Mytilopsis, 
sp.) found in three marinas in Darwin Harbour, the Northern Pacific seastar (Asterias 
amurensis) introduced into Tasmanian waters and the European fan worm (Sabella 
spollanzanii) first discovered in Albany Harbour and also discovered in Port Philip Bay. 
 
In South Australia, 22 introduced marine pests have been recorded including, European 
fan worm, toxic dinoflagellates and recently the plant Caulerpa taxifolia in West Lakes 
and the Port River. 
 
The Australian Government has established a national approach to the problem, with a 
National Introduced Marine Pests Co-ordination Group (NIMPCG) set up in 2001.  The 
focus is on the prevention of new pests into Australia, emergency responses with the 
discovery of new pests and the ongoing management and control of established pests. 
 
It is recognised that the proposed marina presents a risk of marine pest introduction as a 
result of: 

 
• Construction activities – marine pests could be transported by equipment used in the 

marina excavation or offshore channel excavation, if the equipment used has 
previously been in areas where pests are present. 

 
• Vessels bringing in marine pests – visiting vessels or vessels based at the marina but 

which have been at other infected locations are major vectors. 
 
Initially, the marina, following construction, will be colonised by species from adjacent 
areas, particularly the more opportunistic species.  This is part of the natural colonisation 
process.  This was observed at Lincoln Cove Marina, as described above.  Introduction of 
marine pests during this early period may favour a more rapid spread of the organism 
within the marina waterways. 
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In addition to whatever measures can be taken to minimise risk, early detection of any 
introduction provides the best opportunity for eradication, before the pest spreads to 
surrounding waters, or is transported to other facilities. 
It is proposed to undertake the following: 
 
• for the first 5 years, an annual inspection will be undertaken of the marina 

waterways/structures by qualified personnel (probably PIRSA personnel); 
 
• after 5 years, subject to advice and recommendation from PIRSA, it is likely that 

inspections will be undertaken every 2 years; 
 
• all equipment brought to site will be cleaned before use; 
 
• an awareness campaign will be developed for new residents of the marina, boat 

owners and the fishing/aquaculture industry, which may include distributing 
information in the form of pamphlets with photographs of species of concern, 
signage, etc; 

 
• controls/advice on aquarium species; and 
 
• keeping a register of boat movements.  This will be a task for the marina manager. 

 
Boat hull cleaning will not occur at the marina.  Facilities are being provided at Thevenard 
for this purpose.  This is not within the responsibility of the marina operators, but it would 
be appropriate that safeguards are incorporated into the hull cleaning operations. 

 
 

WATER 
 

 6.12 Water Quality in Waterways 
 

 Measures are to be taken to protect water quality in the marina waterways and Murat Bay.  In 
accordance with the ANZECC (2000) guidelines, the appropriate environmental values within the 
waterways would be: 
 
• the protection and maintenance of marine biological communities, which would become 

established; and 
 
• recreation, both passive and active, including general amenity. 
 

 The relevant water quality guidelines are included in the Table 6.16 below. 
 
Table 6.16 ANZECC (2000) Guidelines for Key Water Quality Parameters 
 

Parameter Guidelines 
Dissolved Oxygen 90 – 110% Saturation 
pH 8.4 
Turbidity 0.5 – 10 (NTU) 
Phosphorus 
   Total P 

 
100 µg/L 

   FRP 10 µg/L 
Nitrogen 
   Total 
   NOx 
   Ammonia 

 
1000 µg/L 
50 µg/L 
50 µg/L 

Heavy Metals 
   Copper 
   Lead 
   Zinc 

 
0.13 µg/L 
4.4 µg/L 
15 µg/L 

Faecal Microorganisms (Recreation) 
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   E. coli 
   Enterococci 
   E. coli 
   Enterococci 

150 orgs/100 ML (primary 
35 orgs/100 ML (primary) 
1000 orgs/100 ML (secondary) 
230 orgs/100 ML (secondary) 

 
The water quality in the waterway would be determined by: 
 
• The water quality of the water in Murat Bay, which exchanges with that of the marina basin. 

 
• The residence time of water in the marina basin, i.e. water turnover and flushing. 

 
• The management of potential sources of contamination, including: 

- waste (sewage, sullage) from boats 
- waste (sewage) from developed areas (residential/commercial) 
- ballast waters from boats 
- the prevention of boat maintenance activities 
- the preparation of a spill (oil) contingency plan 

 
• The management of stormwater runoff 

 
  These are discussed below. 

 
 6.13 Water Quality in Murat Bay 

 
Although there is no comprehensive water quality monitoring programme for the Bay, it can be 
anticipated that the existing bay waters would be of a high standard, in that: 

 
There is no effluent outfall from the existing Ceduna township. 

 
The City of Ceduna is pursuing a stormwater management plan, with a view to minimising 
discharges.  There are a number of small stormwater outlets.  In view of the low rainfall, runoff for 
the area, the open waters of the bay facilitating rapid dispersion and dilution, the effects of these 
discharges are likely to be localised and transitory. 

 
There are no major industrial activities which would have waste discharges. 

 
The above points would suggest that the waters of Murat Bay should be of good quality.  At the 
present time the only monitoring undertaken is that undertaken as part of the South Australian 
Shellfish Quality Assurance Program (SASQAP) from the locations indicated on Figure 6.11. 

112



ENVIRONMENTAL IMPACT STATEMENT                                                                                         
                                                                                                                                                                                                                                                                       

                                                                                                                                                             

 
                                                                                                                                                                                                                                                                       

 
Figure 6.11  SASQP testing locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
The main focus of the SASQAP program is on microbiological quality in waters and shellfish and 
the presence of chemical contaminants and biotoxins in shellfish.  Microbiological testing is 
undertaken at the SASQAP laboratory at Port Lincoln.  It is accredited to ISO/IEC 17025 
Certification and is audited by the National Association of Testing Authorities (NATA).  Other tests 
are undertaken at other accredited agencies. 
 
The results of water sample analysis for the period 1 January 1996 to 1 January 2003 for faecal 
coliforms are summarised in Table 6.17 below (SASQAP, 2003).  Numbers are all very low, (<1), 
compared to the ANZECC Guidelines of 150 organisms/100 mL for contact recreation.  Three 
locations, DBEC1-3, were all in close proximity to Ceduna and included the period during and 
immediately after the recent solar eclipse when there were large numbers of visitors to the area. 
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Table 6.17 Summary of Faecal Coliform Results (orgs/100 mL) on water   
 samples.  1 January 1996 – 1 January 2003 

 
Station Mean Min. Max. Std. Error No. of Samples 90th Percentile Geo Mean 

DB 01 0.90 0.9 0.9 0.16 33 0.90 0.90 

DB 06 0.90 0.9 0.9 0.16 33 0.90 0.90 

DB 07 0.90 0.9 0.9 0.16 33 0.90 0.90 

DB 09 0.90 0.9 0.9 0.16 32 0.90 0.90 

DB 10 0.90 0.9  0.16 33 0.92 0.90 

DB 13 0.90 0.9 0.9 0.16 33 0.90 0.90 

DB 18 0.90 0.9 0.9 0.17 28 0.90 0.90 

DBEC1 0.90 0.9 0.9 0.64 2 0.90 0.90 

DBEC2 0.90 0.9 0.9 0.64 2 0.90 0.90 

DBEC3 0.90 0.9 0.9 0.64 2 0.90 0.90 

SP 01 0.90 0.9 0.9 0.17 29 0.90 0.90 

SP 02 0.90 0.9 0.9 0.17 28 0.90 0.90 

 
(For the period January 1996 – January 2003, all routine samplings of the presence of biotoxins in shellfish were negative) 
 
As part of the Operational Management Plan outlined in Section 10, a regular monitoring program 
should be undertaken, integrated with monitoring of the Marina basin, that undertaken by 
SASQAP and any monitoring undertaken by Council adjacent Ceduna and Thevenard. 
 
To provide some baseline data on water quality in the vicinity of the marina site, water quality 
monitoring is being undertaken, and monitoring of the waters of Murat Bay has already 
commenced (April 2005), with the intention of establishing baseline data on existing conditions 
prior to construction and operation.  This initial program is outlined below: 
 
• Sample site locations 
 Initially sites have been selected.  GPS coordinates will be recorded for subsequent repeat 

sampling.  The sites are: 
 
 - 50 metres offshore of the site of the breakwaters, aligned along the proposed entrance 

channel; 
 - 250 metres offshore of the breakwaters along the proposed entrance channel. 
 - 250 metres offshore of the service station, northern end of Ceduna urban area. 
 - 250 metres offshore along the alignment of the main Ceduna jetty. 
 
 These initial locations will be used to examine general water quality characteristics.  Site 

location and/or their number may be varied before a long term monitoring plan is finalised. 
 
• Parameters 

 
  - nutrients 
  - faecal bacteria 
  - heavy metals 
  - hydrocarbons 
 
 • Field measurements would be taken of: 
 
  - dissolved oxygen / temperature 
  - turbidity 

 
• Frequency 
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Sampling frequency will be monthly, timed as far as practicable to coincide with the South 
Australian Shellfish Quality Program (SASQAP), see below. 

 
6.14 Water Turnover and Flushing 
 
The marina and waterways have been designed and are arranged such that tidal movements 
would be sufficient to ‘flush’ water within the system in a manner that does not require mechanical 
or other artificial intervention to achieve suitable water turnover. 

 
As explained within the DSC Engineering Assessment (refer Volume 2, Working Paper 1) the 
proposal demonstrates a total waterway area of some 49 hectares linked to Murat Bay by a 50 
metre wide channel.  The average depth is designed to be 2.5 metres below low tide, i.e. –3.5 m 
AHD.  Total waterway volume between tide levels 0.59 m AHD and –0.61 m AHD is 588,000 
cubic metres.  Over a 6-hour tide cycle this on average represents an inflow or outflow rate of 
27.2 cubic metres per second through the channel.   
 
Assuming an average water depth of 2.5 metres in the channel this flow takes place at a very low 
velocity of 0.21 metres / second.  This analysis indicates that there is almost unrestricted 
exchange of water between Murat Bay and the waterways.  It is therefore considered that 
exchange volumes can, for the purpose of assessing water quality in the waterways, be directly 
related to tidal variations. 
 
Based on a statistical analysis of daily tidal variations at Thevenard, it is considered that 50% of 
total daily tidal variations represents the exchange depth of water that flows in and out each day.  
An average exchange of about 1.0 metre per day and an average waterway depth of 3.5 metres 
indicates an average exchange of about 3.5 days ignoring any lag effects.   
 
Using the same logic as above a sea level rise of say 1.0 metre would increase the average 
exchange rate to about 4.5 days.  These exchange rates are very similar to those that have been 
calculated for the waterways at Lincoln Cove Marina in Port Lincoln, a similar size waterfront and 
marina development.  Experience elsewhere indicates that a hydraulic residence time of between 
7-11 days is adequate to ensure good water quality. 
 

 6.15 Management of Marina Activities 
 

 Potential sources of contamination or water quality impairment would be prevented or minimised, 
as follows: 
 
• The removal and treatment of all sewage waste from the development, with all effluent either 

reused or disposed of in the lagoons. 
 
• For those vessels with ballast, in the commercial area a pump-out system for ballast/bilge 

water would be provided, with waste appropriately disposed of, as outlined in the EPA Code 
of Practice. 

 
• No boat maintenance activities would be allowed in the marina, including repair work, hull 

cleaning or anti-fouling. 
 
• Strict management and regulatory regimes are to be put in place for controlling boat speed 

and the movement of larger vessels at low tide, which would reduce sediment resuspension 
and turbidity effects. 

 
• While fuelling facilities for diesel fuel and petroleum would normally be provided, the risk of 

contamination of the marina, and the marine environment is very small.  In this regard the 
following are to be noted: 
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- Fuel storage areas would be bonded as part of normal design. 
- Private storage of fuels is also discouraged. 
- Light oil fractions are rapidly lost to the atmosphere.   
 
Most concern with oil spills is where there are large volumes involved, particularly crude or 
bunker oils.  In this instance, the most likely scenario is a small spill during fuelling.  The 
volume involved would be small. 

 
• An oil spill contingency plan would be prepared as part of the environmental management 

plan for the marina, which would: 
 

- Identify the equipment requirements (booms, sorbents); 
- Response procedures; 
- Equipment deployment, retrieval and disposal of recovered oils; and 
- Contacts and responsibilities. 

 
There is no major watercourse entering the development area, nor any stormwater outlets from 
the Ceduna urban area.  As indicated in the Engineering Assessment (DSC 2004), the adjacent 
rural catchment would only produce runoff during major events. 
 
The development of the aquaculture industry i.e. tuna, oysters, abalone, finfish and mussels, on 
the Eyre Peninsula over the past ten years is a good example of the typical onshore impacts and 
requirements of the industry. The established onshore aquaculture areas in Pt Lincoln, Ceduna 
and Smoky Bay all clearly demonstrate the areas of land required and the types of activities that 
are generally undertaken with the onshore management of aquaculture leases. Activities such as 
net/basket repairs, net/basket cleaning, net/basket making and storage are all usually conducted 
onshore.    
 
The Ceduna Keys therefore, is not a suitable or desirable location for this type of activity to be 
carried out, with opportunities for this to occur elsewhere such as Thevenard, Denial Bay or 
Smoky Bay. 
 
Lincoln Cove marina is a good working example of the type of aquaculture activity that does take 
place in marina facilities. A large proportion of the industry has established office and commercial 
space in the marina. Along with this almost all of the companies in both the fishing and 
aquaculture industry have located their boats in the berthing facilities. Usually the boats would 
come into berth: 

 
• for downtime between trips; 
• to obtain supplies; and 
• to unload packed frozen fresh product and equipment. 

 
This is in turn, is all directly transported from the marina to other onshore facilities located in the 
industrial areas of Pt Lincoln. 
 
The existing local aquaculture industry in Ceduna (Denial Bay) and Smoky Bay already has 
established onshore bases in both Denial Bay and Smoky Bay and would therefore not require 
such facilities. 

 
Much of the interest in new aquaculture development has been in the offshore areas of the far 
west coast and not in Murat Bay itself. The industry prefers to establish onshore sites as close as 
practicable to their lease sites. It is therefore envisaged that aquaculture maintenance and repair 
activities including cage removal for cleaning etc would be undertaken either on the offshore 
lease sites or at the closest onshore site i.e. Thevenard Slipway, the industrial park, Denial Bay 
Aquaculture Zone or other designated onshore aquaculture zones along the coast etc 
 
 

116



ENVIRONMENTAL IMPACT STATEMENT                                                                                         
                                                                                                                                                                                                                                                                       

                                                                                                                                                             

 
                                                                                                                                                                                                                                                                       

6.16 Stormwater Management 
 
Of the total stormwater runoff, through the adoption of water-sensitive urban design features and 
the use of plumbed-in rainwater tanks, approximately 88% would either be clean (roofwater) or 
have been treated in swales, detention basins or soakage.  Roofwater is generally clean, 
compared to runoff from typical urban areas.  However, after longer dry periods there may be 
some accumulation of dust, bird faecal material, possibly some traces of metals (aluminium or 
zinc) from roof materials and organic debris (leaves, etc.).   
 
It is appropriate that a first flush bypass be incorporated, with this water being discharged onto 
garden areas.  The majority of stormwater runoff from the site would be from the sealed road 
surfaces, where traces of heavy metals, hydrocarbons and nutrients from organic litter would be 
the principal pollutants.  Runoff from garden areas may contain some fertiliser material.  Overall, 
however, only approximately 12% of the total volume would enter the basin direct, and this would 
have entered via GPTs.  This is summarised as follows: 
 

       By Area  By Volume 
 

• Plumbed-in roofwater, with surplus clean 
 roofwater discharged to waterways  22%  41% 
 
• Soakage on allotments/sites   30%  21% 
 
• Discharge to inland golf course   3%  2% 
 
• Directed to detention basins   30%  26% 
 
• To waterways via GPTs   14%  12% 

 
 Stormwater management is achieved by the incorporation of water-sensitive design features, 

including: 
 

 • Swales, where practicable, rather than kerbing is to be used as a form of pre-treatment for 
stormwater, using grass or gravel, to filter pollutants and enabling some infiltration along the 
flow path. 

 
 • Infiltration of stormwater, whether it be direct from swales, open channels, dryland infiltration 

basins, gravel filled soakage trenches or underground storage cells. 
 

 • Porous pavements, may be utilised and comprise bock paving which is formed with small 
gaps between pavers to enable soakage of stormwater to sand and gravel base layers below 
and ultimately through to the underlying ground. 

 
 • Kerb line turf strips, a minimum of 400 mm wide would assist to reduce sediment and 

pollutant load in stormwater from verges running into the kerb and gutter. 
 
 • Linking of drainage, from kerb inlet gullies to water street trees.  This would involve 

placement of inlet pits adjacent street trees with water piped into a permeable layer from 
which the tree can draw water, and an agricultural drain to direct excess water back into the 
underground drainage system. 

 
Overall, with regard to pollutant reduction, the engineering approach proposed is as follows: 
 

• Excess roofwater, not used by the plumbed-in rainwater tanks, which is relatively clean, would 
discharge direct to the waterways. 
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• The majority of runoff discharging to the marina is generated and conveyed along internal 
road drainage. 

 
• The Eyre Highway is separated from the development to a degree by the noise attenuation 

mound.  The highway would be formed as a rural road and would have swales, with the 
drainage path essentially along the swales, finally through culverts to downstream systems, 
providing: 

 
- Grass filtration and some detention 
- The opportunity to isolate any spillages 

 
With an improved swale system, compared to that at present, the current risk from the existing 
highway should be reduced. 

 
• A large portion of the yard runoff would be contained by a plinth, which is proposed to extend 

across the property boundary to prevent runoff directly entering the waterways.  Water would 
be able to pool temporarily and soak to the ground, benefiting gardens and plantings.  Any 
water entering the waterways via the ground would be through sands providing filtration, 
removing sediments with any associated particulate pollutants. 

 
• Other roadways and some road runoff would contribute to the roadway catchments.  

Approximately 30% of the total area (26% by volume) would enter one of three stormwater 
detention basins, shown on Figure 6.12.  The basins in catchments 4 and 7 would be able to 
achieve an average annual residence time of 10 days.  The basin in catchment 3 would have 
an average residence time of 5 days. 

 
• The remainder of road runoff that cannot be diverted to basins (12% of the total by volume) 

would discharge directly to the marina basin via GPTs.  These units are generally sized for 
capture of all flows up to 3 to 6 month ARI.  As a general guide, units typically achieve the 
following: 

 
- >95% capture of gross pollutants greater than 2-3 mm 
- 85-90% of sediment greater than 0.1-0.25 mm size 
- a significant sediment load captured is the 0.1-0.6 mm range (based on testing) 
- >95% capture of free oils and greases 

    
The measures taken to manage stormwater and other potential sources of contamination are 
adequate to protect water quality in the marina waterways, particularly with regard to: 

 
• The low rainfall in the region, approximately 300 mm/annum, resulting in relatively small 

stormwater volume discharges. 
 
• The volumes of the marina basin, approximately 590 ML and the short residence time of 

average 3-4 days, which would result in localised and transitory effects due to the very large 
dilution factor. 

 
• The large proportion of the stormwater, approximately 88%, which is roofwater or treated in 

swales/soakage or diverted to detention basins, with the remainder (approximately 12%) 
passing through GPTs prior to direct discharge. 

 
• Urban stormwater runoff contains an array of pollutants.  AEC (1988) based on a national 

study, defined typical urban runoff, included suspended solids 150-160 mg/L, nitrogen 0.5-
3.0 mg/L, phosphorus 0.1-1.5 mg/L, and the common heavy metals, lead 0.2 mg/L, zinc 0.2 
mg/L, copper 0.04 mg/L, faecal bacteria 10000-100000 orgs/100 mL.   

 
(This data have frequently been used to assist in defining potential stormwater quality for urban 
areas in the absence of data.  However, most of these data were based on monitoring of larger 
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catchment areas, which contain some industrial and commercial areas, petrol stations, freeways, 
major arterial roads, etc.  More recently a study by the Uni SA, Urban Water Resources Centre 
(Argue et al, 1999) has indicated that urban stormwater quality concentrations of most 
parameters for road runoff from residential urban areas are an order of magnitude less than that 
of arterial roads.  As the runoff from the Eyre Highway is effectively isolated from the 
development, it is likely that the runoff quality from the residential areas would initially carry a 
smaller pollutant load, most of which would be removed by the proposed measures. 

 
 6.17 Exchange Waters Velocity 

 
 Channel velocities due to tidal flows have been assessed by the engineers to average about 0.21 

metres per second.  This is considered to be an acceptable performance standard and would not 
result in extensive disturbance to sediments or damage to the marine environment. 
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 6.18 Water Quality Monitoring and Protection Measures 
 

 A water quality monitoring program is to be implemented.  The overall program would be 
developed in consultation with the EPA and will include: 
 

 • The collection of water samples within the marina and at selected locations in Murat Bay 
adjacent to the Marina, with analysis for: 

 
  - nutrients 
  - faecal bacteria 
  - heavy metals 
  - hydrocarbons 

 
 • Field measurements would be taken of: 

 
  - dissolved oxygen / temperature 
  - turbidity 

 
 • Sediment samples would be collected in the marina basin and analysed for: 
 
  - heavy metals 
  - TBTs 
  - hydrocarbons 
 
 • A biological monitoring program would be established in order to: 
 
  - monitor the quality of algal growth (particularly of any nuisance algal mass) 
  - the development of marine communities within the marina 
  - detect the occurrence of any introduced pest species 

 
 The monitoring program will be implemented as part of the Operational Management Plan, refer 

Section 10.2.  The effects of construction will also be separately monitored, refer Section 10.1.  
Monitoring of the waters of Murat Bay has already commenced (April 2005), with the intention of 
establishing baseline data on existing conditions prior to construction and operation.  This initial 
program is outlined below: 

 
• Sample site locations 

 
Initially sites have been selected.  GPS coordinates will be recorded for subsequent repeat 
sampling.  The sites are: 

 
- 50 metres offshore of the site of the breakwaters, aligned along the proposed entrance 

channel; 
- 250 metres offshore of the breakwaters along the proposed entrance channel. 
- 250 metres offshore of the service station, northern end of Ceduna urban area. 
- 250 metres offshore along the alignment of the main Ceduna jetty. 

 
 These initial locations will be used to examine general water quality characteristics.  Site location 

and/or their number may be varied before a long term monitoring plan is finalised. 
 

• Parameters 
 

These are as indicated above. 
 

• Frequency 
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Sampling frequency will be monthly, timed as far as practicable to coincide with the South 
Australian Shellfish Quality Program (SASQAP), see below. 

 
 The SASQAP is being undertaken on a monthly basis to monitor water quality for the oyster 

industry.  Currently testing is undertaken at a number of local sites including St Peters Island, 
Denial Bay and Murat Bay.  This would provide additional baseline data for the maintenance of 
water quality in the commercial marina.  A Management, Maintenance and Monitoring Agreement 
would be negotiated between the Applicant, Council and the EPA to ensure maintenance and 
repair activities are undertaken to ensure satisfactory water quality. 
 
SASQAP was established in 1994 as a joint initiative between the shellfish industries and the 
Primary Industries and Resources SA (1994). SASQAP was developed; to provide consumer 
protection and ensure industry development with access to domestic and overseas markets; and 
all farmed shellfish meet relevant food safety standards. The SASQAP is designed to meet 
stringent national and international food safety guidelines and is accredited accordingly. 
 
The program is administered from Pt Lincoln where it operates a NATA Accredited laboratory 
performing all microbiological testing. Phytoplankton enumeration on water samples is also 
undertaken at the laboratory but the other analytical services (biotoxin & chemical testing) are 
provided by other agencies on a fee for service basis.  Murat Bay (Denial Bay) has been approved 
and classified as a clean water area that is free of impact from actual and potential sources of 
pollution and not subject to repeated and predictable biotoxin events. To obtain this approval 
detailed shoreline surveys of all real potential pollution sources were conducted in the Murat Bay 
area. 
 
SASQAP is required to maintain an ongoing monitoring program for classified growing areas such 
as Murat Bay. This involves sampling of water and shellfish samples for microbioglocial, toxic 
phytoplankton, biotoxin as well as contamination. The program monitors and classifies all marine 
waters where farmed shellfish are grown in South Australia. It has been developed to ensure that 
shellfish does not come into contact with any deleterious substances such as bacteria, viruses, 
toxins, heavy metals and chemicals 
 
Phytoplankton monitoring for toxic algae occurs on a fortnightly basis over the warmer months 
and at monthly intervals during other times. Elevated levels of toxic phytoplankton result in 
biotoxin testing of shellfish.  Microbiological monitoring for approved growing areas including the 
waters of Murat Bay occurs a minimum of six times per year and often is scheduled following 
adverse environment conditions such as rainfall when impact is more likely to occur. Trained 
independent agents collect the samples under a standard procedure. The SASQAP monitoring 
program already takes samples very near to the proposed Ceduna marina site.  There is potential 
for the Proponent to link into the SASQAP program and have a further number of samples taken 
adjacent to the site. 

  
 6.19 On site Water Collection  

 
It is proposed that all development with Ceduna Keys provide rainwater tanks to collect all roof 
runoff.  To maximise this resource it is proposed to plumb collection tanks into each residence for 
use particularly in toilet flushing, bathroom use, laundry and hot water systems, as well as for 
general outdoor and garden use. 
 
The inclusion of rainwater tanks on each allotment is expected to minimise the demand on SA 
Water mains or potable water supply.  ‘Rainwater tanks, their selection, use and maintenance’ 
indicates that in-house water use is typically 127 litres / person / day on Adelaide consumption 
figures.  Water proofing Adelaide figures also suggest that 40% of residential use is for gardens 
and often outdoor uses.  A three (3) person household is therefore likely to use 139 kL/yr in-
house, and up to 92 kL/yr outdoors, though this may be reduced with use of water saving fixtures 
and attitudes.  By comparison, a rainwater tank served by a roof area of 250 m2 would supply up 
to 55 kL per year in Ceduna with 300 mm average rainfall.   
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The use of rainwater tanks could therefore reduce the demand on mains supply by the order of 
25 to 30%, though this is expected to vary with level of occupancy, connected roof areas, and 
people’s attitudes to water conservation. 
 
The Land Management Agreement proposed as part of the development requires that all 
dwellings be provided with a rainwater tank plumbed to the residence and should be at least 
15,000 litres in capacity.  The LMA also requires swimming pools to be plumbed to rainwater 
tanks, and the use of covers so as to minimise loss through evaporation. 
 

 6.20 Water Sensitive Urban Design Measures 
 

 As indicated previously in 6.16 above, a range of water sensitive urban design measures are 
being adopted which would prevent pollution from stormwater and maximise its reuse. 

 
 Significant potential also exists for the secondary use of treated effluent for irrigation of 

landscaped areas within the development and the adjoining golf course, football oval, and 
Ceduna foreshore area, subject to a suitable Irrigation Management Plan that would incorporate a 
monitoring and testing program for the treated effluent.  This would monitor not only public health 
criteria, but items such as conductivity, pH, and nutrient loadings, which present potential long 
term environmental effects.  Groundwater would also be monitored on irrigated sites to ensure no 
significant influence from effluent irrigation. 

 
 A preliminary water balance has been determined as part of the Engineering Assessment 

undertaken by Dare Sutton Clarke that takes into account the existing STEDS flow from the 
Ceduna and Thevenard System, together with estimates of wastewater generation from the 
proposed Ceduna Keys development.  Based on a final development scenario and 70% 
occupancy, the system could ultimately deliver up to 210 ML of treated water for irrigation and 
secondary use.   

 
 Storage basins would however require some reconfiguration to accommodate this additional 

volume, equivalent to deepening the existing lagoons from 1.0 to 2.0 metres deep or by raising 
the height of the perimeter embankments by 1 metre thus avoiding the need to dewater the 
basins.  Significant potential also exists to greatly reduce evaporation loss as part of any 
reconfiguration. 

 
 Limited potential may exist for utilising aquifer storage and recovery albeit that the aquifer is 

unconfined and that water would become saline given native ground water. 
 

 GROUNDWATER AND CONDITION OF LAND  
 

 6.21 Groundwater and Condition of Land 
 

 Ground water levels encountered during the excavation of preliminary test pits have found 
groundwater at or just above mean sea level, approximately 0.0 metres AHD, though fluctuations 
are expected due to tidal and seasonal changes.  Two groundwater monitoring bores established 
previously by the Council on the east side of the site have found ground water at approximately 
0.4 metres AHD. 

 
 From testing undertaken groundwater inflow was noted at depths ranging between 0.55 metres 

and 1.9 metres below the existing surface level.  From correlation with the survey plan, the 
groundwater level encountered in the test pits appears to be at about RL 0.0 m AHD.  It should be 
noted that groundwater fluctuations are expected due to tidal and seasonal variations.  The 
quality of ground water is also likely to be linked closely with the coastal environment, particularly 
given the sandy and highly permeable nature of the soils.  Samples taken during preliminary 
geotechnical investigations, indicate very high salinity of between 58,000 and 190,000 parts per 
mg/L TDS. 
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Three groundwater samples were collected at monitoring sites GW1 (TP1), GW2 (TP3), GW3 
(TP7) (refer Figure 1 Test Pit locations by Coffey Geosciences in June 2004) and analysed for 
heavy metals.  The results are included in Table 6.18      
 
The majority of the metals were at or below the ANZECC (2000) Guidelines for marine waters 
(protection of aquatic ecosystems).  Copper was slightly elevated, with concentrations between 
10-25 ug/L compared to the Guideline value of 3 ug/L for a 90% level of protection.  This level of 
protection is considered appropriate for the marina.   

 
Table 6.18   Heavy Metals in Groundwater (Coffey Geosciences) (all results ug/L) 

 
Lab No./Sample 
Matrix GW1 (TP1) GW2 (TP3) GW3 (TP7) 

ANZECC (2000) 
Marine (90% level 
of Protection) 

Antimony 40 <10 <10 ID 
Arsenic 33 30 30 ID 
Beryllium <1 <1 <1 ID 
Cadmium <0.2 <0.2 <0.2 14 
Chromium1 14 18 26 20 
Cobalt 2 41 5 14 
Copper 10 16 25 3 
Lead <1 <1 <1 6 
Mercury 0.1 0.2 0.3 0.7 
Molybdenum 32 490 95 ID 
Nickel 7 22 120 200 
Selenium 60 82 120 ID 
Iron <5 <5 <5 ID 
Zinc <1 <1 <1 23 
1 Guideline for CrVI 
ID Insufficient data for criterion 

 
The pH of the groundwater was measured as being neutral at 6.9 or 7.0. 
 
To assess the potential impacts of the Council landfill to the east of the railway Council installed 
two groundwater monitoring wells on the east side of the site in October 2003. Samples were 
collected one week after installation and tested for the presence of Polyaromatic Hydrocarbons 
(PAH), Organochlorine (OC) and Organophosphate (OP) Pesticides, Total Petroleum 
Hydrocarbons and the heavy metals Arsenic, Cadmium, Chromium, Copper, Lead, Mercury, 
Selenium and Zinc  
 
All test results for PAH, OCP and OPP were below the limits of reporting adopted by the test 
laboratory. The limit of reporting for benzo(a)pyrene is however greater than the criteria for 
aquatic ecosystems. Unfortunately, the samples were not filtered. Consequently, the analytical 
results for metals are not considered indicative of groundwater concentrations.  Also the method 
of sampling was not in accordance with established protocols for obtaining representative 
groundwater samples. Some normal background levels of metals are to be expected, but are 
likely to be low, particularly in view of the very high salinities. With organics, unless the site is 
contaminated, negative results are to be expected. In this instance, even though the samples 
were not collected in accordance with established protocols, the results for the do suggest no 
contamination. 
 
Additional sampling and testing needs to be undertaken to confirm minimal or no contamination. 
The following strategy will be implemented to provide information on which a groundwater 
monitoring and action plan can be formulated. 
 

 

126



ENVIRONMENTAL IMPACT STATEMENT 

 

 
                                                                                                                                                                                                                                                                       

Additional groundwater wells will be installed at locations selected to provide the following 
information: 

 
• Groundwater levels and gradients to determine flow direction in the vicinity of the rubbish 

dump; 
• Groundwater quality up gradient of the rubbish dump;  
• Groundwater quality directly under the rubbish dump, and 
• Groundwater quality directly down gradient of the rubbish dump. 

 
An environmental consultant with groundwater monitoring experience will undertake the 
installation of the monitoring wells and the collection of the water samples.  The wells will be 
purged using either the bailer or micropurge method prior to the collection of samples.  
 
Prior to bottling the samples to be analysed for dissolved metals will be filtered with a 0.45 micron 
filter to remove any suspended solids.    
 
The information will be assessed to determine if the rubbish dump is impacting on groundwater 
quality. 
 
A hydrogeological model will be assembled to provide an assessment of groundwater flows 
during dewatering of the proposed excavations. 
 
The outcome of these tests will be used to determine the risk of contaminants reaching the 
excavation and their likely impact.  
 
If necessary a vertical barrier of clay or similar will be installed along the route of the railway line 
to minimise the horizontal movement of groundwater from the vicinity of the rubbish dump 
towards the development site both during an after construction. 

 
 Previous testing of groundwater on the east of the site undertaken by Council to assess potential 

impacts of the dump site to the east of the railway, has found traces of arsenic, chromium, lead 
and diesel.  Advice from the Department of Human Services Hazardous Substances Section was 
that any slight exceedence of the Guideline values for Recreational Water Quality and Aesthetics 
would not be a concern because of the large dilution with seawater if the groundwater flowed into 
the marina.  It has been recommended that further testing verify the initial test results prior to 
developing and implementing the Environmental (Construction) Management Plan.  
 

 6.22 Effects on Land and Groundwater Quality 
 

 Groundwater levels are not likely to be affected significantly in the long term.  During construction 
of the marina basin, groundwater would be lowered locally, and this would be incorporated into 
construction management plans to stabilise earthworks batters and minimise settlement of 
surrounding areas. 

 
 In consultation with the EPA, it is proposed to undertake periodical monitoring of the existing 

bores, to provide early detection of any potential problem due to contamination.   
 
 Because of very high salinity there is no risk of affecting any useable water resource. 

     
 WASTE AND EFFLUENT MANAGEMENT 

 
 6.23 Sewage Treatment and Rubbish Collection for Commercial and 

Recreational Boats 
 

 Wastewater collection facilities are intended to serve recreational and commercial vessels.  
Sewage discharge from boat holding tanks would be collected.  Suitable options for the collection 
systems are being reviewed in terms of the nature and operation of pipe systems, expected 
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discharge flow rates, balancing storage volumes and wastewater quality.  Such details would be 
developed and implemented as part of the detailed design phase of the development. 

 
 Commercial facilities within the marina would be required to develop specific management 

procedures to minimise the potential for pollution of waterways.  This enables the preparation of a 
response specific to the activities associated with each business which have potential for spillage 
or generation of wastes.  It is noted that commercial fisheries tend to operate with all outgoing 
seafood wastes contained in plastic wrapping or sealed vessels to enable disposal to a license 
landfill facility in the appropriate manner.   

 
 All areas with the potential for process wash down would be appropriately bunded and would 

ensure that site stormwater runoff would be excluded from the designated area.  Any wash down 
area would be contained and pre-treated prior to discharge to either sewer or separate 
wastewater facility.  The arrangements would be in accordance with current engineering and 
environmental best practice, and the EPA guidelines. 

 
 More specifically in relation to recreational vessels, hard rubbish would be managed in 

accordance with the provisions and requirements of the LMA such that in addition to strict 
prohibition of disposal of wastes overboard, adequate and appropriate provision would be made 
for the deposit, collection and disposal of wastes to the licensed landfill facility operated by 
Council.  This may necessitate the preparation of management agreements with Council as the 
designated contractor for this responsibility. 
 

 6.24 Waste Management – Domestic and Tourist 
 

 Waste collection would be provided via a weekly 240 litre sulo bin utilising Council’s robotic arm 
compactor collection system.  Council’s existing landfill facility would be upgraded and extended, 
subject to EPA licensing procedures, to accommodate the anticipated volumes of waste.  It is 
understood that the existing facility operated by Council has capacity for this anticipated increase 
in demand. 

 
 Recycling of the following items would be catered for with off site collection depots accepting the 

following items: 
 
 • Ceduna Refuse Depot : all metal and whitegoods, green waste, automotive oil 
 
 • Ceduna Can Bottle Depot : container deposit items, glass, PET recyclable plastic products 
 
 Further recycling opportunities would be investigated with the assistance of Zero Waste SA. 

 
 6.25 Management of Black Water and Grey Water 

 
The existing towns of Ceduna and Thevenard are served by the Ceduna septic tank effluent 
disposal scheme (STEDS) operated by Council.  This scheme is at maximum operating capacity 
and uses open surface lagoons situated adjacent to Goode Road for treatment of effluent from 
the collection system.  Effluent is then stored in an evaporation lagoon, and some treated effluent 
is drawn off during summer months for irrigation of the nearby gold course and sporting fields. 
 
The proposed development is intended to be served by a sewer scheme that eliminates the need 
for septic tanks on each allotment.  The new scheme would provide a series of gravity drains and 
the topography would dictate the need for several sewer pump stations.  It is intended that the 
development be split into several catchments, with pumping discharge from one catchment 
discharging to gravity mains in the next.  The final pump station would deliver sewage to the 
existing treatment area adjacent Goode Road. 

 
The existing treatment site location is well located in relation to the development site being 
approximately 400 to 500 metres from the closest point of the development which is to be used 
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for sporting and recreation proposes.  The distance to the nearest residential use is far greater 
and well above the minimum 350 metres required by DHS guidelines.  

 
It is the Council’s intention to provide a new activated sludge treatment plant adjacent to the 
existing lagoons, with sufficient capacity to treat the Ceduna Thevenard STEDS grey water and 
the Ceduna Keys development black water.  The plant would discharge to the current lagoon 
area which would be retained and their capacity increased. The system is likely to require a 
winter balancing storage of up to 90 ML, which would be equivalent to deepening the existing 
effluent lagoons from 1.0 to 2.0 m deep. 
 
The configuration of the storage basin would need to account for use as treated effluent storage, 
and would need to be designed to minimise infiltration (clay or HDPE liner), minimise potential for 
interaction with groundwater, balance evaporation losses, sustain water quality, and operate at 
suitable levels to function hydraulically, all of which are design constraints which can be 
incorporated in the area available to Council. This project presents a key opportunity for a 
significant upgrade of the town effluent treatment and reuse system so as to reduce pollution and 
maximise reuse of water resources in a controlled manner. 
   
Council intends to use treated water to irrigate the golf course and sporting fields together with 
other locations such as the foreshore and other landscaped areas.  The Ceduna Golf Club utilise 
the treated water according to the requirements of an Irrigation Management Plan (IMP) and has 
done so for many years with no known detrimental effects.  The IMP incorporates a monitoring 
and testing program for the treated effluent, and for soil analysis from each of the receiving 
irrigations sites.  In addition to health-based criteria, this is established to monitor pH and nutrient 
loadings. 
 
The areas to be irrigated are permeable well-drained soils that are not prone to flooding.  The golf 
course fairways are planted with kikuyu and couch grasses, with the roughs being mainly native 
understorey from the original Mallee woodland.  These grasses have a high tolerance to salinity.  
Groundwater below these sites is saline and is not used for irrigation purposes.  Nevertheless 
there should be a testing and groundwater monitoring program for any new areas that are to be 
irrigated.  
 
A preliminary water balance has been determined by DSC Engineers in consultation with Council 
and SA Water based on the estimated STEDS inflow from the existing Ceduna Thevenard 
system, and estimates on wastewater generation from the proposed development.  The estimates 
are outlined in greater detail within the DSC Engineering Assessment report provides as a source 
document, have considered the final development scenario of 380 residential allotments, 2.3 ha 
of townhouses and 8.3 ha of apartment buildings and other commercial facilities.   

 
The system is likely to require a winter balancing storage facility for up to 90ML which would be 
equivalent to deepening the existing effluent lagoons from 1.0 to 2.0 metres deep.  The system 
could ultimately deliver up to 210ML of treated water for irrigation at 30 mm per week summer 
use on 19 ha of golf course and sporting groups, and 5.5 ha of landscaped areas elsewhere 
within the development and the township.  This represents a significant increase in wastewater 
use of the golf course and it would be expected that irrigation systems, particularly pipe work and 
balancing storage tanks and pumps would need to be reviewed and most likely upgraded in 
conjunction with this project.  

 
LANDSCAPING 
 

 6.26 Landscape Planting and Revegetation 
 
A landscaping plan would be prepared during the detailed design stage.  This would include: 
 
• extensive planting throughout the development, roadsides, highway corridor, and reserves, 

street planting, etc. 
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• revegetation and stabilisation of remaining dune system; 
 
• restriction of access to dunes and beach areas either side of marina site and breakwaters 

with measures including fencing; 
 
• erosion control measures both during construction and thereafter; 
 
• provision of buffers to intact beach dune and tidal areas from construction work associates 

with marina; 
 

 Significant opportunity exists as part of the proposed development to undertake extensive 
landscape planting to complement the built form appearance and to act as buffers or visual 
screens between differing land uses.  While a detailed landscape proposal has not yet been 
developed suitable area has been provided for such landscape plantings to achieve this desired 
outcome.  In particular landscape plantings would occur on the acoustic mound within the road 
reserve associated with the realigned section of the Eyre Highway and adjacent to the existing 
railway line.   
 

 Additional plantings would also be undertaken adjacent to and within the golf course in order to 
better define this area and enhance its visual amenity.  High quality landscape proposals would 
also be implemented associated with the community centre, tourism developments and key 
commercial sites including in and around the commercial marina.  The LMA also sets out strict 
requirements in respect to landscaping associated with proposed residential development. 
 

 Notwithstanding the ability to reuse greywater and stormwater for irrigation it is appropriate to 
pursue species that are of low water usage and where possible species endemic to the region.  
This serves a range of outcomes including water efficiency, a contextual landscape character and 
provision of some habitat, particularly in areas such as the golf course.   
 

 WEEDS AND FERAL ANIMALS 
 

 6.27 Management of Weeds and Feral Animals 
 
It is appreciated that without adequate controls and management, the proposed development 
could be a source of or exacerbate any existing problems of feral animals or weed species.  This 
could occur for example as a result of: 
 
• increased numbers of cats and dogs; 
 
• gardens escapes of inappropriate species into surrounding vegetation areas; 
 
• increased weed infestation due to large bare soil areas following construction not being 

adequately stabilised and vegetated. 
 
Previously EMS 2004 had pointed out that the existing remnant habitats in the study area, being 
in close proximity to the Ceduna urban area, would likely be impacted by feral animals.  These 
would include wandering domestic cats and dogs, and vermin, rabbits and foxes also occur. 
 
The Biodiversity Plan for Eyre Peninsula (DEH, 2002), outlines the issues and control strategies 
for pest plants and animals, that are briefly discussed below. 
 
DEH (2002) indicate that of the animals feral cats foxes and rabbits are the most significant.  The 
risk of impact arising from these animals should be minimised by: 
 
• The Land Management Agreement (LMA) 
 
• Cat and Dog Management Act  (refer Council) 
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DEH (2002) indicate that there are 290 weed species on the Eyre Peninsula.  As indicated in 
Section 6.6.3 43 exotic species were recorded in the vegetation surveys, which is approximately 
35% of the floral biodiversity. 
 
The landscape plan and construction management plan would aim to minimise increases in these 
species or prevent additional species: 
 
• stabilising and vegetating bare areas following immediate construction; 
 
• providing vehicle wash facilities for construction vehicles arriving at the site from elsewhere 

in South Australia or leaving the site; 
 
• weed eradication area (eg spraying of weed infested areas) prior to construction 
 
• avoiding disturbing ground in adjacent areas which would otherwise provide an opportunity 

for weed establishment.  Frequently weeds are found around along road sides as a result of 
soil disturbance; 

 
• controls on the species that can be planted in gardens via the Land Management 

Agreement;  
 
• the landscape plan for the whole of the development would include a weed management 

program as part of the establishment and maintenance period (probably two to three years); 
and 

 
• an ongoing weed management program as part of the operational management plan (refer 

Section 10.). 
 
GENERAL 

 
 6.28 Air Quality  

 
 The primary potential for air pollution is as a result of dust generated from construction activities 

on site.  Dust presents not only potential amenity impacts, depending on prevailing wind 
conditions, but may also compromise water quality within the waterways and Murat Bay.  The 
construction management procedures and protocols outlined in the Engineering Assessment 
prepared by Dare Sutton Clarke Engineers address this issue in detail.  The approach to be 
adopted during construction is outlined in further detail within Section 10 of this report.  
 

 6.29 Noise 
 

 Over and above noise resulting from construction activities, it is reasonable to anticipate the 
generation of environmental noise from a range of activities and functions within the marina 
development once completed and operational.  Potential noise sources include domestic 
activities associated with residential living, marina activities both commercial and recreational, 
use of the community centre, tourism accommodation and related commercial activities, vehicle 
traffic within the development and from the Eyre Highway; together with noise resulting from use 
of the Thevenard Kooniba railway line.   

 
 To varying degrees these potential noise sources would be audible above general background 

noise, with some risk of disturbance and loss of amenity if such sources are not appropriately 
managed or mitigated.  The Proponent is committed to minimising and responding to such risk in 
an appropriate manner according to recognised standards including the EPA (Machine Noise) 
Policy, and the Noise (Industrial) Policy and Environmental Noise Guidelines.  In particular, 
measures would be taken to minimise and avoid noise sources and have the potential for sleep 
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disturbance and where noise generators significantly threaten the living and working environment 
to be created by the proposed development. 

 
 More particularly, the following physical and management measures are to be implemented as 

part of the proposed development. 
 

 • Acoustic mounding has been proposed between the proposed residential development and 
Eyre Highway and the railway line. Reference to the lines of noise attenuation as drawn on 
Figure 6.13 indicates that the mound is of sufficient height to provide protection to single 
story housing. As such there is no requirement or proposal to provide additional fencing or 
any other similar measures. Similar sections will be drawn during the detailed design phase 
to check that this level of protection is maintained all the way along the Eyre Highway. 

 
 • separation of potentially incompatible land uses and activities with the use of roadways, 

public reserves and open space to be landscaped and fenced as necessary; 
 
 • containment of noise sources activities within buildings and enclosures of suitable design, 

siting and layout, construction type, and acoustic insulation; 
 
 • point source management in terms of the operation, insulation and maintenance of 

machinery and mechanical plant and equipment; 
 
 • insulation and other acoustic measures to ameliorate impacts experienced by sensitive noise 

receivers rather than the point of generation and / or transmission; 
 

 The management of environmental noise in an urban environment is not a new or recent 
phenomenon, nor unique to the proposed development.  Noise is an inevitable by product of 
human activity and is experienced within the tolerances of society, that are reflected in 
environmental legislation and regulation.  Such checks and balances assist in managing urban 
environments in an equitable and responsible manner recognising the various cost benefits 
associated with noise generating activities. 
 

 6.30 Energy Conservation  
 

 The Land Management Agreement addresses a range of energy conservation and efficiency 
measures through appropriate design considerations and the installation of solar hot water 
systems.  Significant potential exists to implement best practice in energy efficiency as part of 
construction practices using appropriate materials and building systems.  As the cost 
effectiveness of photovoltaic technology improves it is also reasonable to anticipate the domestic 
and commercial application of this method of electrical power generation, that in high output 
periods may be redirected into the regional grid.   

 
Potential also exists for wind generation of electrical power as is evident on a number of nearby 
country living properties along Denial Bay Road.  Geothermal systems may also be implemented 
to off set energy consumption and reduce demand on reticulated systems.  Publications prepared 
by the Office of Energy and the Australian Greenhouse Office regarding energy efficient housing 
may also be provided to purchase prior to site planning and design considerations for individual 
sites. 
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7. SOCIAL EFFECT ON COMMUNITIES 
 

 7.1 Construction Workforce 
 
SA Centre for Economic Studies, has undertaken a comprehensive investigation into the 
economic impact of the proposed project during the construction phase.  The following 
commentary is provided having regard to this extensive body of work that is included as a source 
document in relation to this EIS. 
 
A large proportion of the construction workforce would be sourced from the local and regional 
community. The employment impact of the construction phase would be very strong in the first 
few years of development. Whilst employment would decline after the initial heavy construction 
phase, further opportunities for ongoing employment would continue to be maintained in related 
sectors particularly; residential building, landscaping, maintenance services, signage installation, 
wharf services, grounds people and irrigation works  
 
It is expected that the construction phase would require an estimated 129 employees in the first 
years of development. It is expected that a proportion of these full time equivalents would be 
sourced from locally skilled people already living in Ceduna and therefore no accommodation 
would be required. However, there would inevitably be a need to import people and/ or 
companies with specialist services and skills particularly, when they cannot be sourced at the 
local level.  Regions need to be able to provide a skilled labour pool, as the skills and knowledge 
of a workforce are critical inputs to new development, production and service delivery. 
 
With the stated profile of required employees in the initial construction stage of the marina 5% 
professions, 5% managerial/ technical and 90% semi-skilled operators/labourers, it is possible 
that the workforce requirement can be met from indigenous and non-indigenous locals.  
 
It is fair to assume that during various stages of the development there would be influxes of 
people to the town. Ceduna is the major regional centre of the Far West Coast offering an 
established range of accommodation, hospitality and business services in the town. ABS 
Statistics reveal that the four hotel/ motels in Ceduna provide 149 rooms and 430 bed spaces, 
and the six caravan parks around town have 74 cabins and over 500 sites between them. This 
gives a maximum possible capacity of around 1500 persons. However, because of Ceduna’s 
location on the National Highway many people use the town as a stopover point, therefore on 
average hotel/motel room occupancy rates are at 45% with bed occupancy rates being lower at 
24%.  
 
Taking this into account, there is more than enough capacity to cater for the anticipated increase 
in workforce population in the town.  
 

 7.2 Aboriginal Employment 
 
The detailed research undertaken by the South Australian Centre for Economic Studies outlines 
that significant additional employment opportunities would be generated in Ceduna over the 
coming years both in the construction stage and operational stages of the project. This would 
result in a range of jobs being created with the aims of the Proponent to employ as many local 
people as possible including a proportional share of Aboriginal people.  
 
One of the main objectives of the marina development has been to maximise employment and 
education opportunities for local Aboriginal people and the wider community. Employment 
opportunities would inevitably increase particularly in the short to medium term through the 
construction phase and later through the operation and building of residential homes. 
 
SA Centre for Economic Studies identified 100 indigenous persons with the necessary skills such 
as machine operators, back hoe operators, light truck and bob-cat operators and in occupations 
related to earthmoving, pipeline construction, building, roadworks and concreting who are 
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currently available to the marina construction project. In addition, the District Council of Ceduna 
has previously, and would be establishing more Indigenous employment gangs for this project.  
 
Up to 12 Indigenous employees previously worked on the construction of the Ceduna-Koonibba 
pipeline. Since then many have been employed as building teams in the communities of Ceduna, 
Koonibba and Yalata.   There are also currently 145 indigenous persons in training and 
employment programs with the CDEP at Tjutjunaku Worka Tjuta Inc. (TWT) in Ceduna. In recent 
years TWT have conducted training courses in machine operations, licensed truck, back-hoe and 
fork-lift operations.   A Level 1 Certificate in Building and Construction and Multi-trades course 
have also been run by the local Spencer Institute of TAFE during this time 
 
Construction work would be required in the development of infrastructure such as marina channel 
walls, earthworks, revetment walls marina wharves and roadworks. Within all this construction 
there would be a broad range of trade skills required.  
 

 7.3 Visual Amenity and Landscape Quality 
 

 The proposed development would have a visual effect on the locality. 
 

 The proposed development would alter the landscape and existing visual character along this 
section of the coast to Murat Bay by virtue of the built form improvements including the 
breakwaters and the various structures including dwellings that may be visible from the 
surrounding locality.   

 
 While this development would result in a change, the resulting appearance is anticipated to be 

compatible with its context having regard to its location adjacent the existing urban area of 
Ceduna.  The proposed development would establish a new desired character and a ‘sense of 
place’ that would be of a sympathetic design in a manner that would not be visually obtrusive 
given its position within the Bay and relative to the township of Ceduna. 

 
 The proposed development would not be readily visible when viewed from the existing township 

of Ceduna other than for oblique views to the north from the foreshore area.  The scale and form 
of structures anticipated are to be sympathetic to the topography of the wider locality and would 
not dominate vistas from either the existing township or Murat Bay.   

 
 So too, existing residents along the Denial Bay Road would not be significantly impacted upon in 

terms of interruptions to the views they presently experience over Murat Bay.  The development 
may change the nature of views, but would not obscure their aspect towards the coast, with a 
substantial arch of vision remaining further to the west.   

 
 This outcome would be facilitated by the proposed LMA and policies to be included within the 

draft PAR to be prepared that would amend the existing Development Plan, which would enable 
the planning authority to guide development through appropriate siting, form, scale, design and 
visual appearance requirements.  Dwellings are anticipated to be no higher than two storeys (3 
storeys for medium density dwellings) and would be designed to be compatible with and further 
the achievement of a desired future character for the land.  This desired future would be further 
articulated within the draft PAR to be prepared by Council. 

 
 It is anticipated that electrical power lines are to be undergrounded, and that other ‘street 

furniture’ such as light poles, directional and traffic signage, etc. would be specified as part of a 
‘design suite’ to complement the built form appearance and achieve this desired future character.  
Landscape plantings would be an integral component of this enhancement program to not only 
screen structures from view and reduce their visual prominence, but to achieve an environment of 
high amenity for the enjoyment of users.  Detailed landscaping proposals would be formulated 
according to these criteria as part of the implementation phase of the development in order to 
achieve the desired visual amenity and character outcomes. 
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 The extent of this visual effect is proportional to the scale and extent of the various components 
that comprise the development, such as the breakwaters, earthworks undertaken to achieve the 
waterway, buildings on land (which are not specifically proposed by this application), roads and 
other major public infrastructure, landscaping and fencing.  In general terms, as set out in the 
draft Guidelines under the LMA, no building is to exceed 15 metres in height.  

 
The context in which these improvements are proposed has a generally open character rising up 
to the ridgeline to the north and northeast.  The point that extends southwards into Murat Bay to 
the west is also a prominent topographical feature.  The site is there most visible from these 
higher points.  The main township of Ceduna is at a comparable relative level, with the site not 
being visually prominent when viewed from the existing urban area other than for points along the 
foreshore. 
 
Accordingly, the proposed development would be visible primarily from positions in Murat Bay to 
the south west and from these high points that enjoy a view over the subject land.  While the 
appearance of the proposed development would be different to that of the existing coastal 
character in this locality, the proposal would nonetheless be an attractive well planned and laid 
out arrangement of mutually reinforcing components.   

 
While judgements as to whether the proposed development would result in an attractive 
appearance are subjective, the proposed development would not be so visually prominent so as 
to dominate the existing landscape given its relatively low scale and form.  Moreover, structures 
would not project or skyline above the ridge line of the high ground to the north when viewed from 
Murat Bay.  These undulating hills form a suitable back drop to the development when viewed 
from this aspect. 
 
The Plan Amendment Report to be prepared by Council would address issues in terms of visual 
appearance and policies introduced within the Development Plan that would provide the 
appropriate assessment criteria to ensure that a suitable outcome may be achieved.  These 
policies are to be introduced over and above controls placed on building forms within the design 
guidelines under the LMA. 
 

 7.4 Local Amenity 
 

 The proposed development is not anticipated to have a serious deleterious effect on local 
amenity either in terms of its visual appearance and character, its operation and use, nor in its 
management and maintenance. 

 
 The development site while adjacent is suitably separated from the existing township of Ceduna, 

with appropriate buffers provided to ameliorate potential negative off-site impacts.  In addition to 
the development and management controls outlined above, Council would ensue as part of its 
ongoing role as planning authority to assess each component of the development as it is 
implemented with the clear objective of avoiding and / or minimising impact on local amenity. 

 
 Based on the investigations undertaken by Eco Management Services Pty Ltd, seagrass build up 

is not anticipated to be an issue in this area of Murat Bay given the extent and nature of seagrass 
communities, the likely effect on such, and the coastal dynamics in terms of water movement and 
tidal fluctuations.   

 
 Should a build up of seagrass be experienced, appropriate management and maintenance 

responses may be implemented as part of the Environmental Management Agreement.  
Experience in like situations has demonstrated that such an issue may be suitably managed and 
responded to without loss of amenity or environmental harm. 
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 7.5 Residential Character 
 

 The proposed development is to be an integrated and coordinated residential environment having 
a ‘master planned’ character similar in many respects to that achieved at Lincoln Cove in terms of 
layout, siting, built form and appearance.  Invariably, there would be diversity in building design 
reflecting the preferences and choices of individual property owners as the various stages of the 
waterway development are implemented.  Such would occur however in a control manner 
managed by tools including the LMA and Council’s Development Plan.  The Proponent has an 
aspiration of achieving a desired future character that reflects and enhances the fundamental 
components or elements of the marina and waterway environment. 

 
 A range of residential accommodation types would be facilitated within the proposed development 

ranging from low density residential allotments to medium density dwelling for both permanent 
and temporary accommodation.  The proposed development would respond to identified need in 
terms of the demand profile and preferences of market segments considered more fully as part of 
the business planning for this development.  The preliminary call for expressions of interest in 
residential allotments has been substantial.  The price point anticipated for residential allotments 
is considered affordable in context with like living environments within the district, the region more 
generally and throughout the State. 

 
 The design and siting of housing may occur in a manner that does not offend the principles or 

requirements of the Disabilities Discrimination Act in terms of access, and would be guided by 
sound crime prevention principles.  Suitable opportunities would be provided for passive 
recreation within designated areas in addition to the waterway environment that would provide a 
unique and engaging experience for users of a wide range of craft and vessels.  Appropriate 
security measures both passive and active may be implemented in order to manage behaviour in 
much the same manner as other urban environments.  Council has implemented several crime 
prevention initiatives that would be extended into the area of the proposed development. 
 

 7.6 Integration with Ceduna Township 
 

 The proposed development while adjacent to the existing urban area of the township of Ceduna 
is sufficiently separated so as not to impact upon existing character and function of the township.   

 
 The two areas would however be integrated via the ‘green belt’ of open space and recreational 

and community activities comprising the public golf course, the sporting and recreational 
complex, and the Community Centre.  These land uses would serve as an important focus for 
community activity for the populations of both the marina development and the existing township.  
Whereas initially the Community facility was to be located more centrally within the proposed 
development it was considered that a location between the existing and proposed urban areas 
would assist in integrating these communities.  The Community Centre would act as a focus for 
social and cultural activities of the community of Ceduna as a whole, and that of the wider district. 

 
 The revised location of the Commercial Marina would also assist in integrating communities in 

terms of a focus for economic activity and business associated with the vital fishing and 
aquaculture industries.  Direct and convenient access may be achieved via the proposed road 
network to this facility from the existing urban area of Ceduna.  Employees engaged in these 
industries, whether living within the proposed development or the existing township, would 
converge on this area in their common pursuits of prosperity.  The location of the marina facilities 
in relation to the nearby industrial areas would enable efficient and effective movement between 
the two using existing road networks without having to disturb residential areas.   

 
 The increase in population facilitated by the proposed development does have the potential to 

result in environmental impacts that would be suitably avoided, mitigated and / or managed via 
the measures outlined in this document and supporting investigations.  In particular, the following 
issues have been addressed that may give rise to environmental risks: 
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• development within the physical capacity of the land 
 

• development of land that is not in a pristine state 
 
• development of land that is not identified as having unique habitats (marine or terrestrial) 
 
• development of land that is not identified as being of high biodiversity conservation value in a 

regional context 
 
• development that minimises environmental risks via appropriate water use, waste water 

collection and treatment, stormwater management 
 
• a restriction on uses that may potentially give rise to risk such as that associated with the 

operation of the commercial marina 
 
It is also anticipated that the works proposed as part of Council’s Streetscape Program will assist 
in achieving a pedestrian link between the proposed development site and the existing town 
centre along the foreshore.   
 
The foreshore area has been identified by Council as part of the work undertaken by Landscape 
Architect James Hayter as being a key opportunity to provide a focus for the community in terms 
of passive recreation in an attractive setting. 
 
The proposed development has been configured in such a manner as to integrate into these 
proposed works such that a walking and cycling path may be achieved between the town centre 
and the marina and community facilities.  
 
A detailed design for such works may be prepared as part of the construction design and 
implementation stage of the development in collaboration with Council and the local community.   
  

 7.7 Effects on Character and Lifestyle 
 
Ceduna’s greatest asset is its frontage onto the spectacular surrounding coastline and yet, to 
date the potential of this asset has not been fully promoted or realised. To a certain extent the 
town lacks a vibrant urban atmosphere particularly, when comparing it to many other coastal 
centres. Whilst the existing foreshore is well established, the infrastructure is dated and the space 
is limited.  

 
With this in mind, the community has been focusing on developing the Ceduna Keys to 
essentially re-vitalise the character and amenity of the town, re-invigorate the social fabric and 
unique culture and heritage of Ceduna, improve the performance of the local economy, and 
create an environment which is conducive to investment and job creation.  
 
The general liveability of a region, being an amalgam of social infrastructure, ‘production 
infrastructure’ and general environmental quality is increasingly recognized as an important 
influence on investment decisions16. 
 
The Ceduna Keys project has been developed in response to the community’s interest in re-
vitalising the town through an innovative waterfront development, which would encourage 
industry growth but also make a vast difference to the existing amenity of the township. The 
development would provide new services and facilities for the community. Essentially, it is looking 
to facilitate the development and re-claim public facilities within the precinct by combining open 

                                                     
16 Opportunities for Local Government-Developing Competitive Regions Australian Local Government Association (ALGA), 

1999. 
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spaces, walkways, public seating, innovative street scaping, visitor information centre, interpretive 
facilities, recreational facilities (i.e. golf course), conference and meeting centres.  

 
Because of Ceduna’s remoteness the town has limited facilities and services available to locals 
and visitors alike. What is available is dated, neither inviting, nor visually appealing, lacks identity 
and is desperately in need of change. Improvements to the physical infrastructure and general 
amenity of Ceduna would present a highly visible and attractive gateway to South Australia. This 
project would provide an exciting modern waterfront precinct incorporating state of the art public 
amenities such as walkways, streetscapes, public seating, toilet facilities and rest areas amongst 
recreational facilities and commercial activity, which would dramatically improve the quality of 
lifestyle 
 
Ceduna has a rich culture and heritage, which is quite distinct from any other place in the State. 
Yet, to date very little has been done in the public spaces to promote this or create a sense of 
place, or even an identity for the community. Good quality community art and design features in 
public areas are almost non-existent. Without a doubt this is a contributing factor to the towns’ 
struggle with ongoing social problems, lack of ownership and community pride particularly in 
relation to public facilities. Through this development Council is keen to re-kindle community pride 
and culture via the establishment of a uniquely designed development which integrates the strong 
Indigenous and coastal culture of Ceduna.  
 

 7.8 Traffic Generation During Construction 
 
It is anticipated that the construction of the project would require mainly the transport of cut to fill 
within the site boundary. As this project site is well buffered from current residential areas, there 
may be opportunity to extend hours of operation to complete the construction at an earlier time.   
 
Construction machinery including trucks would be inspected for correct sound emission and 
hours of operation outside of normal construction time would only be done in consultation with the 
Ceduna Council.  It is anticipated that the sound generated by the construction of the project 
would be consistent with the existing heavy truck transport that already exists passing through the 
site.   
 
Further details regarding the manner in which traffic movements are to be managed during 
construction are provided within Section 10 of this report.   

  
 7.9 Re-routing of Eyre Highway and Denial Bay Road  

 
The traffic management and construction logistics associated with the rerouting of the Eyre 
Highway around the development site, and the intersection with Denial Bay Road would be 
pursued in greater detail as part of the implementation of the proposed development.   
 
Based on negotiations between Council, Transport SA and the Proponent to date, subject to cost 
considerations and responsibilities, the proposed works may be affected in a suitable manner and 
that ‘agreement in principle’ has been reached.  The detailed design of these sections of road and 
intersections would be undertaken in accordance with accepted road design and construction 
standards to the satisfaction of Transport SA. 
 
Suitable provision exists for accommodation of the proposed realignment of roads within the 
development site so as to avoid the need for disturbance and / or acquisition of other nearby or 
adjoining land.   
 
The arrangement of the Eyre Highway is also not anticipated to have a negative impact on 
existing businesses adjoining the subject land such as the BP Petrol Filling Station to the south.  
Vehicles would continue to be able to access this site in a safe and convenient manner for 
refuelling, in particular long haul road transport vehicles.   
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The arrangement of the proposed commercial marina in relation to this existing land use also 
presents a significant business opportunity in terms of servicing vehicles associated with this 
facility. 

 
The rerouted Eyre Highway around the development site would have minimal effects on access 
to and from the township of Ceduna and the hamlet of Denial Bay.  Communities within these 
settlements would be able to negotiate the proposed road system in an efficient and effective 
manner and would not be prejudiced in terms of significantly increased distance or frustrated by 
complex or confusing road systems.   
 
The proposed arrangement of road would follow a logical hierarchy such that suitable access is 
provided to all users.  Noise generated from vehicles using this road is not anticipated to present 
a serious amenity concern given the extent of noise attenuation that will be provided by the 
landscaped earth mound that is to be located all the way along the Eyre Highway. The noise 
attenuation lines drawn on Figure 6.13 shows that this acoustic mound provides adequate 
protection to the adjacent residential development from both the highway and the rail line.    
 
Consistent with previous decision by the Council, it is not the intention to pursue a bypass of 
heavy vehicles around Ceduna in so far as the impacts that such would have in an economic 
and social sense.  The potential loss of economic activity associated with such an arrangement 
is sought to be avoided by the Council.  The preferred approach is to better manage traffic as it 
is making its way through the town, rather than keeping it out of the town.  Accordingly, the 
proposed development does not seek to frustrate this desired arrangement. 
 
In terms of access from the west, the proposed reconfiguration of the Denial Bay Road and the 
Eyre Highway is not anticipated to have a deleterious effect on traffic movements between 
Denial Bay and the town of Ceduna.  Seasonal heavy vehicle traffic, such as during the grain 
harvest season would be able to conveniently negotiate the proposed road pattern with not 
apparent frustration or impact on proposed residences.  Given the limited period of time within 
which grain haulage occurs and the limited number of properties to the west of the township, the 
potential level of disturbance to future residents is considered minimal 
 

 7.10 Relocation of Quarantine Inspection Station 
 

 Preliminary discussions with Primary Industries SA indicate no objection to the relocation of the 
existing Quarantine Inspection Station further along the Eyre Highway to the north subject to a 
suitable facility being provided. 
 

 7.11 Public and Private Service Providers 
 
Ceduna is the focal point and business centre of the Far West Coast of Eyre Peninsula.  
 
The town is the regional centre for a range of government agencies and services including; 
Family and Youth Services, health, aged care, recreational, education, Child Care, TAFE, Police, 
Justice, Centrelink, National Parks & Wildlife, SA Housing Trust, Indigenous Regional Co-
ordination Centre Job Networks, retail, tourism and hospitality, professional and financial 
services. Many of the existing services such as the schools local health and recreational facilities 
were established when the town had a population of well over 5,000 people. These services 
therefore, have the capacity and capability to cater for a significant increase in population. 
 
Some major upgrades have also been planned for a number of services in the town. The 
Ceduna Area School is currently being re-developed with new building infrastructure to be 
established over the coming years. The Government has highlighted and earmarked major 
upgrades and an expansion of the Ceduna Health Services including the hospital.  

 
 The town is also supported by a range of transport services including road, air and sea. The 

Ceduna airport is licensed by the Civil Aviation Safety Authority (CASA) and airlines servicing the 
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location operate turbo prop aircraft. The airport has the capability to support larger aircraft such 
as a Fokker F27 48 seater aircraft or a DASH 8 50 seater aircraft. It is the far west coast’s only 
major regional airport, with a fully sealed runway and regular passenger transport services 
operating on a daily basis.  

 
There are a number of boat launching facilities in Ceduna and Smoky Bay enabling both industry 
and recreational craft easy access to the ocean. The Port of Thevenard located 3 kilometres from 
Ceduna, is the major multi-commodity port of the far west coast of Eyre Peninsula  and has the 
capability to handle handimax vessels. 
 
The impact of the development over the long term would also create the demand for the 
expansion of existing and the attraction of new government and business services to the town. 
The injection of new capital is considered to be a key driver of economic expansion and job 
growth. The benefits of attracting this new development to the town would include enhanced long 
term economic growth through expanded business and government services, a boost in 
investment, enhanced critical mass (i.e. population growth), a diversification in employment 
opportunities, and injection of new ideas and skills into the community. Investment growth creates 
and maintains the investment environment, facilitates new local investment by existing firms and 
attracts external investment into the community.  

 
 7.12 Safe Haven for Recreational and Commercial Boating 

 
 The provision of safe mooring facilities for both commercial and recreational craft is a key 

outcome of the proposed development and would be of significant benefit to these two user 
groups.  Safe and convenient access to vessels presents a social benefit in a community that has 
a strong affinity for the sea.  
 

 Although the safe haven created by the proposed development may increase the amount of 
recreational and commercial boating, there are existing controls over marine habitat, fisheries, 
and off shore islands to ensure the sustainable enjoyment of these natural resources.  This issue 
is addressed further in Section 8.9 of this report.  
  

 7.13 Tourism and Recreational Activities and Infrastructure 
 
The main issue with existing tourism and recreation activities and their infrastructure is that a 
population of 3,500 is insufficient critical mass to provide the throughput required for these 
facilities to be maintained at an affordable cost per user. The development of Ceduna Keys adds 
to the base number of users, which should be a catalyst for expansion. The potential spin off for 
tourism and recreation has been identified in the SA Centre for Economic Studies Report.   
 
Discussions with the Ceduna Golf Club indicate that membership numbers are around 50 per 
annum paying less than $100 each. This results in an annual budget of less than $5,000 per 
annum, inadequate to maintain the infrastructure required. The solution has been to open the golf 
course only in winter. The Ceduna Golf Club welcome the opportunity to structure an 
arrangement to transfer the ownership, and more importantly, the cost of maintenance and 
management, to the developer with existing and future membership rights preserved.    
 

 7.14 Local Shellfish Aquaculture 
 
Water flow in Murat Bay is characterised by a northward flow into the bay with maximum current 
speeds of up to 0.3m/s between Cape Thevenard and Matts Point. In the central part of the Bay 
the flow is directed towards the north with current speeds not exceeding 0.05-0.1m/s. From there, 
the flow continues further northward with reduced current speeds of 0.05 m/s or less.17  

                                                     
17 Water Circulation patterns in South Australian coastal seas caused by tides and meteorological effects. John Noye & Julianne 
Stevens Department of Applied Mathematics, The University of Adelaide, South Australia March 1998  
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Detailed technical studies conducted in Murat Bay indicate that the flow of water through Murat 
Bay is clockwise, or from west to east and in surge conditions north to south. Hence, this 
evidence suggests that there would be minimal impact on the Shellfish Industry. Refer to 
Appendix F- Key Sites for off-shore Aquaculture Development in South Australia, Oceanique, 
1998 & Appendix J- Hydrodynamic Modeling of Smoky Bay and Denial Bay, Belinda Ronai, 1996, 
Flinders University 
 
As outlined in Section 6.11 to 6.15 there is minimal risk of the development impacting on the 
waters of Murat Bay.  It is also to be noted the main circulation of water (refer Section 6.13) is 
clockwise making it even less likely that there could be any adverse effects on the industry. 
 

 7.15 Adjoining/Adjacent Land Uses 
 
The proposed site is surrounded by farming and rural properties to the north and north west, to 
the east vacant rural land, and south sporting facilities and the outer township of Ceduna. The 
site is adjacent to the Penong rail line and National Highway One. Impact therefore, is expected 
to be minimal on the existing land uses around the proposed development. 
 
To the north of the development is a rural zone, north west a rural living zone, south east a public 
utilities zone, south a recreational zone and west a coastal zone.  None of these would have a 
detrimental effect on the development.  
 
The rural & public utilities zone are separated from the development by the railway line and re-
routed Eyre Highway and buffer zone. The recreation zone is the golf course, which would be 
significantly upgraded to complement the development. The public utilities zone would most likely 
house public utilities (e.g. storm water, effluent storage etc) which would be re-used on the golf 
course and landscaped areas of the development.  
 
The rural living zone again is separated from the development by the Denial Bay Road and road 
reserve buffer. The desired uses in this policy area are: - detached dwellings, land based 
processing of aquaculture product and outbuildings to support land management and animal 
keeping (aquaculture).  
 
The Coastal Zone identifies a range of desired uses such as conservation, coastal protection 
works, interpretive signage and facilities, tourism, visitor facilities etc. that certainly complements 
the development.    
 
Those types of commercial operations close to the development (e.g. Highway One Motel/ 
Restaurant/ Fuel Filling station close to the development and the Oyster Bar which is currently on 
road reserve within the development site) also would complement the development.  
 
The Oyster Bar which is under short-term site lease would have to be re-located or purchase a 
site within the development. This has been clearly stated to the owners of this commercial 
venture since the lease was issued. 
 
In summary the surrounding land uses and the development are very complementary.  This is 
one of the many reasons this site was originally selected as ideal for such a development. 
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7.16 Aboriginal Homeland Settlement 
 

During the construction process the road access from Aboriginal homelands and the school bus 
to the Ceduna township would be maintained to ensure continuity of provision of these services. 

 
Following construction the proposed road network would allow for safe and efficient connection to 
the township without requiring extensive detours around the development site.  Some 
modification to the route would however be required. 

 
The proposed development is sufficiently removed and designed to facilitate the continued use of 
the Aboriginal homeland settlement by the existing and future users of this property.   
 
Given the distance between the two areas, the land form and presence of vegetation, one site 
would not be readily seen from the other.  The proposed development is not anticipated to have a 
significant effect on the visual amenity of locality as it is experienced from the Aboriginal 
Homeland Settlement.  
 
During construction, suitable arrangements would be made to assist this community and the 
residents of Denial Bay in terms of ensuring suitable access to the town centre with the least 
inconvenience possible. 
 
Post construction, access will continue to be provided between the aboriginal Homeland 
Settlement and the main township of Ceduna through and around the proposed development site.  
The development is not a closed site with public road access throughout.  

   
7.17 Land Tenure Arrangements and Access 
 
The land tenure arrangement for the marina berths, launching facilities and other associated 
facilities would be managed through a plan of community division. Public access would be 
available to specific areas that would be transferred to Council.  
 

 7.18 Public Facilities 
 
All public facilities would be developed in accordance with Australian Standards and the 
developer would negotiate with the Council for additional facilities that may be required.  Facilities 
that would be available for public use would include: 

 
• public open space reserves 
• sporting and recreational facilities 
• commercial and retail uses 
• tourism and community centres 
 
Public access would be unrestricted within residential areas, the community uses including the 
interpretive centre, other commercial uses and within the marina, other than for direct access to 
mooring points, which would be regulated for security purposes.  
 

 7.19 Infrastructure Upgrades 
 

 The proposed development would result in the extension and potential upgrade of a range of 
infrastructure services including water supply, electrical power supply and telecommunications via 
the increased scale at which such services may be provided.  A critical mass in terms of 
population would enable greater economies and efficiencies in the delivery of these services to 
the community.    

 
 The marina development would provide infrastructure and facilities not presently available within 

the district in the form of safe and convenient mooring facilities for recreational and commercial 
vessels.  The provision of such facilities would enable these activities to occur in a more efficient 
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manner and would assist in improving quality of life in terms of access and the economic activity 
that such facilities would assist in generating.  
 

  
 7.20 Access to Foreshore 

 
Public access would continue to be made available to the foreshore area, which is not part of the 
development site.  It is however proposed to restrict access to the breakwater in order to ensure 
public safety.   
 
Other areas within the marina development would also be restricted access such as the sections 
within the commercial and recreational marinas.  Access would however be provided to the 
waterways from various points within the development.   
 
It is proposed to integrate pedestrian spaces and walkways within the marina development with 
existing pedestrian walkways along the foreshore connecting with the town centre of Ceduna and 
beyond to Thevenard. 

 
It is understood that the foreshore to the development site is used to a limited extent by residents 
within the area for primarily recreational walking purposes.  While the development would restrict 
this practice, suitable paths would be provided within the development to achieve a pleasant and 
safe walking environment for recreational purposes. 
 

 7.21 Noise from Marina Activities 
 
The potential for noise generated from sources or activities within and outside of the development 
impacting on sensitive receivers such as residential land uses is addressed at Section 6.29 of this 
report.   
 
The approach to be taken is to avoid, manage and/or mitigate the sources and effects of noise via 
the means outlined.   
 
The Proponent of this development has an inherent commercial interest in ensuring that noise 
does not diminish the amenity and quality of life for future residents.  Accordingly, every effort 
would be made to minimise the potential for noise nuisance.   
 

 7.22 Recreational Activities 
 

 The proposed development would provide for a range of recreational activities including those 
associated with boating and fishing, together with a range of other passive recreational pursuits 
such as walking and cycling as the development is to be integrated with the existing coastal 
reserve walking trail that extends through to Ceduna and then onto Thevenard.   

 
 Boating and fishing is a key recreational pursuit of the population of the west coast.  The facilities 

proposed within the proposed development in particular the marina mooring facilities would 
enable a greater range of craft to be used including sailing craft that may be kept permanently in 
the water.  Larger sailing vessels in particular would benefit by the proposed facilities. 
 
7.23 Medium Density Housing 
 

 The location anticipated for medium density housing is more particularly indicated on the 
development concept and is largely adjacent to community and commercial facilities more 
centrally within the development.   

 
 The form of medium density residential dwelling anticipated is set out in some detail within the 

Land Management Agreement, with the overall height of such buildings being limited to 15 
metres.  This form of residential accommodation seeks to respond to an identified demand for a 

145



ENVIRONMENTAL IMPACT STATEMENT 

 

 
                                                                                                                                                                                                                                                                       

more compact and efficient form of housing, that may better meet the needs of the community, in 
particular residents that may be absent for periods of time.   

 
 Medium density residential development is to be provided with a range of suitable facilities and 

amenities including private open space both at ground level and, where achievable, in a balcony 
arrangement subject to privacy issues being addressed.   

 
 Each dwelling is to be provided with suitable on site resident and visitor parking in accord with 

Development Plan policies.   
 

 Proposals for medium density residential development would be assessed against relevant 
provisions of the Development Plan with decision being made based on the merits of each 
proposal.   

 
 Specific polices are to be drafted for inclusion within the Development Plan to assist in this 

purpose. 
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8. ECONOMIC ISSUES 

 
 8.1 Tourism Activity and Investment 

 
Tourism has developed into the third largest industry on Eyre Peninsula behind agriculture and 
fishing. Eyre Peninsula is the fourth most visited region in South Australia with annual visitor 
numbers exceeding 455,000 or 2.083 million nights, an average of 4.6 nights per visitor.  
 
This represents an additional total expenditure in the Eyre Peninsula region of $290 million. The 
industry accounts for around 4% of total turnover in the Eyre Peninsula. Around 2000 jobs are 
supported by the tourism industry, representing 15% of total regional employment.  
 
From a strategic perspective Ceduna is one of South Australia’s most important tourism 
gateways. It is the entry and exit point to and from Western Australia with 240,000 visitors 
passing through the town each year. Of this number an estimated 64,000 persons per annum 
currently spend at least one night in Ceduna. This is just over 25% of the potential 240,000 
visitors to Ceduna. 
 
The changing market trends have led to a shift and diversification from traditional lower yield 
markets to the more specialised emerging markets. From Ceduna’s perspective, the most critical 
emerging markets that it is well positioned to attract are the self-drive, soft adventure, coastal 
relaxer, aquaculture/fishing industry based tourism and eco-tourism segments.     
 
Reinvigorating on the coast is based around resting, recuperating and a little indulging, at an 
accommodation venue surrounded by peaceful yet inspiring views.  The venue must provide a 
sense of ambience and solitude, the accommodation must offer comfort (three star or above) 
and character, and the food must be interesting and rewarding. The accommodation may be 
self-contained, bed and breakfast, farm stay or resort, but must offer privacy.  
 
Soft adventures in the natural environment involve an escape into the natural environment to 
‘rough it but not risk it’.  The most popular form of this product is four wheel driving and camping, 
and examples include: four wheel driving and camping on the Googs Track in the central west, 
Coffin Bay National Park, the Gawler Ranges National Park and Lake Gairdner; sailing alongside 
the Lincoln National Park; four wheel driving and overnight stays in built accommodation at the 
Nuttbush Retreat near Port Augusta; sea kayaking near Port Lincoln; and quad biking at Port 
Neill and near Lincoln National Park and authorised caving and swimming in underground lakes 
across the Nullarbor.   
 
The majority of soft adventures in the natural environment involve couples, family and friends 
using their own vehicle and equipment, and this experience is a mature product. Nonetheless, a 
small and growing number of individuals and couples are choosing soft adventures in the far 
south, far north and far northwest via one of several locally based nature tour operators. The 
nature product is relatively new and growing, and has potential for further growth. 
 
A related and innovative aspect of fishing has been the establishment of various forms of 
aquaculture, and their part use as tourism attractions that feature guided tours.  Examples of 
aquaculture attractions include the oyster farm at Ceduna and the tuna boat tours from Port 
Lincoln.  These products appeal to a wide range of visitors because they offer ‘a fishing 
experience without going fishing’, and because they can directly or indirectly add eating fresh 
seafood at the end of the experience.  The sea horse farm at Port Lincoln offers another 
opportunity to learn about the breeding of sea horses for the aquarium market.  Additional 
opportunities include existing oyster processors, fin fish hatcheries, abalone and live lobster 
exporters. The highly acclaimed Eyre Peninsula Aquaculture & Seafood Trail established last 
year is based on this concept.  
 
The encountering wildlife product is based around getting close to wildlife in its natural habitat, 
watching, learning and leaving no impact.  Examples of the encountering wildlife product include: 
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diving with cuttlefish and watching dolphins near Whyalla; swimming with seals and dolphins at 
Baird Bay; watching sea lions at Point Labatt; watching whales on the Great Australian Bight, 
from the cliffs, Gawler Ranges Wilderness safaris and finding Fairy Penguins on charter boat 
tours to the islands. 
 
The many unique natural assets including recognised national icons such as the Head of the 
Bight, the Nullarbor, its spectacular caves, the Great Australian Bight Marine Park, Goog’s Track 
and Cactus Beach.  Along the vast pristine coastline secluded beaches including Davenport 
Creek, Laura Bay, Fowlers Bay and the numerous offshore Nuyts Archipelago islands give 
visitors the opportunity to get away from it all. Ceduna and the region boasts one of Australia’s 
richest fishing grounds. The town is one of the last frontiers where fish stocks have been looked 
after, and it is therefore not surprising to see visitors gravitating to the region specifically for 
fishing adventures.   
 
These markets are characterised by higher average expenditure per day compared to the 
traditional markets. They also show the greatest potential for the region to grow its tourism base 
through reinvigorated and new product that reflects the key strengths of the Eyre Peninsula. 
 
The Strategy also highlighted the core products that show substantial growth opportunities and 
have a strong potential to differentiate the region from other areas. These include: 
 
• reinvigorating on the coast; 
• aquaculture; 
• local food and wine; 
• soft adventures in the environment; 
• Aboriginal culture. 

 
The Head of the Bight is located nearly 300 kilometres to the west of Ceduna on the edge of the 
Nullarbor Plain in the Great Australian Bight. The Bunda Cliffs are recognised as one of the best 
viewing platforms in the world to watch the large numbers of Southern Right Whales gather 
between May & October each year. The location is unique in Australia and the backdrop is nothing 
short of spectacular. Whale watching has become the fastest growing tourism based industry 
sector in Australia with $12 million in direct revenue in 1996. According to Environment Australia, 
the activity’s rapid growth is revealed in the fact that it was worth approximately $9 million in 1994.  
Ceduna is already being used as the main stop over base for tourists visiting the whales and this is 
continuing to develop especially with packaged bus tours and fly in fly out visitors. 

 
Ceduna has developed a strong reputation for producing high quality, premium seafood products, 
in particular, oysters, King George Whiting, Blue Crabs and Snapper. The recent initiation of the 
Eyre Peninsula’s tourism Aquaculture and Seafood trail has enabled visitors to gain a first hand 
experience of the industry. 
 
The proposed development seeks to include a unique blend of tourism, conventions and 
recreational activity alongside residential development. The tourism aspect of the development 
would showcase the natural assets, the cultural heritage, Great Australian Bight and marine 
environment including the aquaculture industry of the region.  
 
Since 1996 the community of Ceduna has strongly supported the development of an interpretive 
centre. Over the past few years the concept has evolved and the idea of the (Eyre Peninsula) 
regional tourism interpretive centre has been born. This would also be located in the main 
community precinct of the Ceduna Keys marina development. The theme of the centre would be 
based on all aspects of the coastal-marine environment and the indigenous culture of the region.  

 
This would be done by taking the opportunity to integrate and showcase the theme through 
interpretive displays and programs highlighting; the Coastal marine environment of the region 
including the Great Australian Marine park, the Nullarbor, integrating the unique indigenous 
culture of the region, marine history, the fishing and aquaculture industries, linking the seafood 
with the food and wine experience i.e. Seafood & Aquaculture trail etc. As the regional tourism 
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centre one of its primary roles would be to also promote Eyre Peninsula’s premier tourism 
products in the region. 
 
Over the past five years the community has investigated a number of indigenous and non-
indigenous interpretive and visitor centres in the Northern Territory, Queensland, South Australia 
and Canada. This research has shown that there would be opportunities for a range of cultural 
tourism ventures/ enterprises that can either be linked or located within the Ceduna Keys and in 
particular, the community precinct area.  
 
The Ceduna Keys and in particular the Coastal Centre, would provide significant opportunities for 
indigenous involvement in investment and also employment. As with many other Interpretive 
Centres the indigenous community may choose to have equity in the Coastal Centre, train and 
then employ local indigenous people in the many functions of the facility including i.e. the retail, 
ticketing, management, conference organization, cultural entertainment, landscaping etc.  
 
Aboriginal tourism gives Indigenous people the chance to tell their story in their way, to share 
cultural insights, traditional practices and contemporary concerns with non-Indigenous Australians 
and international visitors. Indigenous communities view tourism as a means of both educating 
others about Indigenous culture, and creating employment and training opportunities at a local 
level.  
 
The National Aboriginal and Torres Strait Islander Tourism Industry Strategy 199718, recognises 
that the industry as a whole would benefit from increased product diversity. However, it is 
generally more feasible to develop Indigenous cultural tourism in a facility such as the Ceduna 
Keys so that an enterprise can:  
 
• be linked to existing transport and accommodation infrastructure, or  
• be linked to other destinations as part of a special interest package.  
• cater to places where tourists already visit,  
• be linked to an area of spectacular environmental quality,  

 
This strategy also identified that cultural centres assist communities in recording and protecting 
their cultural resources, while interpreting their culture to tourists. Indigenous cultural tourism 
opportunities can often encourage young people to value their cultural heritage. For this and other 
reasons, involvement in cultural tourism may be pursued for reasons other than economic ones. 
Provided it is well managed in terms of social and environmental impacts, tourism can provide an 
incentive for increased cultural awareness and activity, and therefore produce a wide range of 
social benefits including personal pride and dignity.  
 
Other indigenous tourism product would inevitably develop from the establishment of the Coastal 
Centre including activities such as cultural tours and arts and crafts. 
 
Indigenous cultural industries, particularly arts and crafts, are very popular with tourists. Recent 
surveys indicate that international tourists regularly buy what they believe to be Indigenous arts 
and crafts (though it is unclear to what extent they select authentic products). Tourist purchases 
have been estimated as over 50% of sales (Altman, 1989). The value of these arts and crafts 
sales far exceeds the current value of Indigenous cultural tourism, and it represents the main 
form of contact that most tourists have with Indigenous cultures at present   This represents a 
considerable economic strength that can be built on, to benefit both tourism and cultural 
industries. The local indigenous community in Ceduna has already expressed an interest in 
exploring opportunities for indigenous arts and crafts to be located in the Coastal Centre precinct. 

 
Although tourists are coming to Ceduna their visits on average are only for relatively short periods 
of time i.e. 1.3 nights. The primary aims for developing tourism in Ceduna and the region are to: 
 
• increase the length of visitor stays (i.e. visitor nights) 

                                                     
18 The National Aboriginal and Torres Strait Islander Tourism Industry Strategy, 1997 
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• attract more visitors to the region particularly, with a focus on the interstate and international 

markets. 
 
The community and commercial precinct in the Ceduna Keys would have a strong emphasis on 
tourism via the facilities and services being proposed. The core elements of this area would 
incorporate: 

 
• 4-5 star hotel/motel accommodation facilities 

 
• 4-5 star tourist apartment accommodation facilities 

 
• conference and convention facilities 

 
• open public spaces 

 
• A regional tourism interpretive centre (gateway to the Eyre Peninsula and South Australia) 

 
• commercial onshore facilities for the fishing and aquaculture industries 

 
• marina facilities for the fishing, aquaculture and recreational boating fraternities. 

 
• Country club incorporating the golf course and entertainment facilities  
 
This area would become a focal point for tourism. The regional tourism interpretive centre (the 
Coastal Centre) would be located in the main community precinct of the marina development. 
The town is ideally positioned to promote what the region and State has to offer in terms of 
tourism whilst, at the same time offering visitors a unique interpretive experience.  
 
The preliminary research investigated twenty other similar facilities including marinas and 
interpretive centres throughout Australia and in the USA. This research has confirmed that the 
establishment of interpretive and related facilities would inevitably lead to a range of jobs being 
created mainly, in the tourism and hospitality fields. Depending on the size of the business the 
interpretive centres directly employed between 30 –100 people.  
 
An analysis of the types of jobs created included; tour guides, facility managers, administration/ 
ticketing, accounting, cultural entertainment, restaurant/cafe operators, retail sales, cleaners, 
rangers, gardeners and maintenance. Flow on effects were also experienced throughout the 
community but most directly in the hospitality, accommodation, fuel and retail sectors. Because 
tourism is a labour intensive industry, many additional job opportunities are created at the local 
level particularly for young people.  
 
Although considered a niche market the convention market has continued to expand in South 
Australia in recent years. Interest has stemmed from the potential to link motel accommodation 
with convention facilities in a regional coastal environment. There has been interest in the 
opportunity to develop a complex with these specialised facilities for the small to medium sized 
conference market. This is a lucrative high yield market, with the average length of stays around 
3.5 nights and average expenditure per night $166. 

 
Developing regional tourism therefore, is a key factor in ensuring the future sustainability of 
regional communities through creating employment opportunities for local people. If the multiplier 
developed by SA Centre for Economic Studies is applied for each $1,000,000 of visitor 
expenditure in the community, 29.5 jobs are directly and indirectly created. 
 
Tourism not only creates jobs directly but acts as a dynamic catalyst for employment in a myriad 
of other industries- financial services, retail stores, telecommunications, mechanical and fuel 
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services to name a few. Globally, travel & tourism generate 1 in 10.7 jobs directly or indirectly- 
many of them in small business and urban areas.19  
 
The tourism industry provides significant economic benefits to regional communities with around 
44 cents of every dollar spent going directly to the tourism/ hospitality related enterprises and the 
balance being spent in other local business within the town (SA Tourism Commission 1999) 
 

 8.2 Employment Opportunities 
 
The underpinning key factor to rejuvenating economic/ regional development, improving regional 
competitiveness and encouraging investment is to have the supporting infrastructure in place to 
enhance and capitalise on opportunities.  
 
Infrastructure is widely regarded as fundamental to regional development, and a major 
consideration in business investment decisions and, hence, in generating employment. The 
importance of infrastructure for Australia’s future growth was made explicit in the Kelly report 
(1993), which linked national development and regional development. The report further argued 
that there should be equal access to basic infrastructure for all regions20.   
 
The Ceduna Keys project is strategically important to South Australia as the development is 
considered a vital link to develop growing industries such as; tourism, mining, aquaculture and 
commercial fishing in the town and region. 
 
One of the main objectives of the marina development has been to maximise employment and 
education opportunities for local Aboriginal people and the wider community.  The detailed 
research undertaken by the South Australian Centre for Economic Studies outlines in their report 
that it is expected significant additional employment opportunities would be generated in Ceduna 
over the coming years both in the construction stage and operational stages of the project.  
 
This would result in a range of jobs being created and the aim of the developer is to employ as 
many local people as possible including a proportional share of Aboriginal people.  It is also 
assumed that most of the employees would be based in Ceduna and that all the equipment and 
supplies would be sourced locally through retailers/wholesalers so that the retail margin stays in 
the Ceduna region.  
 
The projected employment impact of the construction phase would be very strong in the first few 
years of development. SA Centre for Economic Studies has suggested that this first stage would 
require an estimated 129 employees in the first years of development. Whilst employment would 
decline after the initial heavy construction phase, further opportunities for ongoing employment 
would continue to be maintained in related sectors particularly; residential building, landscaping, 
maintenance services, signage installation, wharf services, grounds people and irrigation works. 
 
The Lincoln Cove marina clearly demonstrates the form of employment that is created as a direct 
result of this type of development. Once the earthworks/construction phase of the Lincoln Cove 
project was completed a large proportion of these employees transferred into the building and 
construction industry. Over the past eighteen years the uptake and subsequent building of 
residential allotments in the marina has been very consistent with an average of 40 homes/ 
apartments being constructed per year. Since 1990/91 Pt Lincoln has experienced significant 
growth in the number of building approvals from 39 in 1999/91 increasing to 129 in 1999/2000 
(ABS).  With the stated profile of required employees in the initial construction stage of the 
Ceduna Keys: 5% professions, 5% managerial/ technical and 90% semi-skilled 
operators/labourers, it is possible that the workforce requirement can be met from indigenous and 
non-indigenous locals. 

 

                                                     
19 The Economic Impact of Travel & Tourism Development in the APEC Region, 1998, WTTC & APEC Tourism Working Group) 
20 SA Regional Development Taskforce- Report, April 1999 
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It is difficult to project the rate of development and uptake of the residential allotments for the 
Ceduna Keys however, it is fair to say that the pre-sale of the residential blocks has to date been 
very strong and has exceeded Lincoln Cove when it was first established.  Once the earthworks 
and essential service infrastructure is completed it is expected that construction and building on 
the residential allotments would commence almost immediately. The 350 residential allotments 
and 250 waterfront apartment sites in Ceduna Keys development would provide a significant 
ongoing boost to the local construction industry and related tradespeople.  
 
Using Lincoln Cove as an example it is anticipated that the building of the residential homes and 
apartments would provide direct long-term employment opportunities for the local indigenous and 
wider community. These would include; builders, bricklayers, equipment companies, transport, 
steel fabrication, engineers, surveyors and trades (plumbers, electricians etc). It is envisaged that 
the existing local building companies would be looking to expand their businesses to keep up with 
the increased demand for housing. Every direct job created in this sector would have direct flow 
on effect into other local businesses in the community (1:4 flow-on jobs) in particular; concrete 
supplies, hardware supplies, transport, manufacturing, landscaping and retail services. 
 
The proposed Ceduna Keys Marina and community precinct development represents a significant 
opportunity for Ceduna to be a major focus for economic development and social activity on Eyre 
Peninsula. As the proposal would be centred on the development of a commercial marina and 
wharf facilities, it would facilitate and support a burgeoning aquaculture industry, the existing 
fishing industry and a very important tourism industry at the gateway to and from the west coast 
of Australia 
 
Ceduna offers an established range of accommodation opportunities in the town. ABS Statistics 
reveal that the four hotel/ motels in Ceduna provide 149 rooms and 430 bed spaces, and the six 
caravan parks around town have 74 cabins and over 500 sites between them. This gives a 
maximum possible capacity of around 1500 persons. However, because of Ceduna’s location on 
the National Highway many people use the town as a stopover point, therefore on average 
hotel/motel room occupancy rates are at 45% with bed occupancy rates being lower at 24%. 
Taking this into account there is still more than enough capacity to cater for a short term increase 
in the workforce.   
 

 8.3 Attraction and Enhancement of Business 
 
Not only would opportunities be created for new investment but, most importantly for the existing 
businesses in the town and immediate area. Additional activity brought about by the development 
of the Ceduna Keys would inevitably create a positive multiplier effect filtering directly back 
through existing businesses in Ceduna and the region. The construction of the project would 
create a direct impact in the town particularly relating to; the actual construction work in 
developing the marina, the ongoing demand for housing construction and therefore the need for 
builders and other trades on an ongoing basis. The attraction of the fishing industry would bring 
with it a demand for fuel, transport and other related supplies.  
 
By far the most significant impacts would be experienced through the expenditure of additional 
visitors to Ceduna staying for longer periods of time. It is well documented that the tourist dollar is 
a new dollar injected into a local economy. This money is spent and re-spent by local businesses 
in the town thereby creating an economic multiplier effect throughout the community and local 
region. The larger the amount of visitor money spent in the community the longer it is retained 
and the greater the overall benefits.  

 
Tourism is a labour intensive industry, which creates many additional job opportunities particularly 
for young people at the local level. Developing regional tourism therefore, is a key factor in 
ensuring the future sustainability of regional communities through creating employment 
opportunities for local people.  The additional tourism expenditure in these communities would 
create an environment, which would encourage business growth and diversification into new 
products, facilities and services such as the marina and interpretive centre facilities. 
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 8.4 Relationship to Ceduna Business Centre 
 

 It is important to acknowledge that the proposed development does not include nor provide the 
opportunity for the establishment of a business centre in terms of shopping and other commercial 
uses that may draw the focus away from the existing business area within the township of 
Ceduna.   

 
 Retail and commercial development within the proposed development would be restricted to the 

provision of a limited range of goods and services for the daily needs of residents, such as a 
neighbourhood shopping centre.  The existing business or town centre zone within Ceduna would 
continue to be the primary focus for retail shopping and access community and business.   

 
 Business and commercial uses envisaged within the proposed development do not seek to 

replicate or duplicate the offering of retail goods and services to the community.  The Council is 
conscious of maintaining the economic viability of and community focus on the existing business 
centre within Ceduna. 

 
 This issue is addressed in further detail in terms of the Development Plan policy framework to be 

established via the PAR process to be undertaken as outlined in Section 12.5 of this report.  
 

 8.5 Cost of Infrastructure to Government 
 

 The proposed development would require significant investment on infrastructure such as road 
construction, electricity supply, water supply, sewage treatment, and the like.  While government 
agencies and utility providers seek to enable economic development by providing suitable access 
to such infrastructure services, development of the scale proposed is invariably faced with the 
necessity to make contribution towards and payment for the augmentation of existing 
infrastructure in order to accommodate the anticipated increase in demand.  The proposed 
development is not dissimilar in this regard.  

 
 The economic feasibility of the project has taken into account the costs of augmentation and 

extension of key infrastructure services such as water and electrical power.  Discussions have 
taken place with the providers of these utilities in order to ascertain the scope of works required 
and the quantum of charge that may be anticipated once more detailed engineering design has 
been undertaken.     

 
 A development of this scale has a capacity to absorb reasonable costs in terms of extension and 

augmentation of existing infrastructure that ultimately assist in achieving a sustainable delivery of 
service to the community as a whole.  Without development of this nature the full costs of 
infrastructure upgrade would be borne by government with limited ability to pass such costs onto 
existing subscribers.  New development provides an opportunity to review the capacity of existing 
networks and plan for future demand. 

 
 Discussions will continue to occur with the State Government in respect to assistance, as such 

investment would have a significant positive multiplier effects within the local and wider 
community economy. 
 

 8.6 Long Term Costs to Council 
 
Upon the expiry of the Initial Maintenance Period, Council would be required to maintain in a 
good order and condition the revetments, waterway reserves, water quality to a standard 
acceptable for recreational use (excluding swimming), the entrance channel at a navigable depth; 
and navigational structures as will be addressed in the MMM Agreement. Other requirements 
would be no different than tasks Council is now obligated to maintain e.g. roads, footpaths, 
stormwater, effluent, landscaping etc. 
 

155



ENVIRONMENTAL IMPACT STATEMENT 

 

 
                                                                                                                                                                                                                                                                       

Pursuant to the heads of agreement signed between the developer & Council, 15% of the rates 
raised each year would be committed to a reserve fund to assist in future maintenance costs. 
Upon completion of construction, estimated in 2006/07 year an additional $500,000 in rates is 
expected increasing each subsequent year till full development of the site.  
 
At today’s values the rates expected on the fully developed site would be an estimated $1.4m. Of 
this sum $210,000 would be committed to the reserve for future maintenance of the facilities 
within the development, which are a Council responsibility. Effluent would be cost neutral due to a 
separate charge being raised to manage such facilities operation, maintenance & future 
requirements. There are no constructed wetlands planned for the development. 
 
It is envisaged at this time that various infrastructure facilities would have different maintenance 
periods for transfer to Council, rather than one common date after the completion of construction.  
Such will be addressed in detail within the MMM Agreement. 
 

 8.7 Relationship to Port of Thevenard 
 
In recent years the fishery in the Great Australian Bight has proved to be one of the richest and 
largest untapped resources in Australia. Industry interest and activity in the region has therefore 
almost doubled during this time. Over the past four years a number of fishing boats including 
tuna, fishing trawlers, shark, pelagic and pilchard boats have been coming into the Port of 
Thevenard to unload product, re-fuel and obtain supplies on a regular basis. 
 
The Great Australian Bight Trawl Fishery (GABTF) covers an estimated area of 812,000 km2 
extending from Kangaroo Island to Cape Leeuwin in Western Australia. This fishery shares the 
waters with other fisheries including the tuna fisheries and the small pelagic fishery.  The fishery 
is managed through input controls including limited entry of vessels, limited cod-end mesh size 
and area restrictions for boats in excess of 40 metres in length. 
 
Ten trawl fishery licences currently operate in the Great Australian Bight producing an annual 
catch of 2,488 tonnes valued at $6.846 million. The Great Australian Bight fishery is a multi 
species trawl fishery with over 80 species being caught. The most commonly taken fish are, 
orange roughy, deepwater flathead, bight redfish, gemfish, angel shark and leatherjacket, Lynch 
A.W & Garvey J.R (2003)21 
 
During the past twelve months the unloading activity at the Port has increased dramatically with 
just over 10 fishing boats now using the facility as their main base for unloading and obtaining 
supplies.  Of the 10 trawler boats currently using the Port of Thevenard most are characterised as 
being very old and a heavier type of boat. In addition to this, they are very large and are difficult to 
manoeuvre in confined spaces.  
 
On average these boats come into Port around every 10 days to unload product, re-fuel, change 
crews over and collect supplies. The size and draft of these vessels would restrict them in having 
access to the commercial facilities in the marina.  However in saying this there are a number of 
other boats that currently use the Port of Thevenard for re-fuelling and obtaining supplies. These 
tuna and pilchard vessels are newer, have a lighter draft and would be able to access the marina 
facilities.  The development of the marina would open up opportunities for other fishers to be 
based in Ceduna on a more regular basis. Consultation with key industry groups has revealed 
that many companies would have boats located and operating out of the Ceduna Keys 
commercial facilities. 

 
There are no current plans to develop a marina facility at Thevenard. However, the increased 
usage of the Thevenard wharf with the large ships and the fishing trawlers currently working in 
the Great Australian Bight is causing considerable ongoing congestion. This problem is not 
helping any of the current users and by all accounts will not improve in the future.  

                                                     
21 Great Australian Bight Trawl Fishery Data Summary 1990-2002, Lynch A.W & Garvey J.R (2003) 
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It is expected that the Ceduna Keys would cater for a significant proportion of these fishing boats 
currently using the Thevenard wharf. However, some of the older, heavier trawlers would not be 
able to get into the marina because of their requirements for deeper drafts.  There is however a 
need for an unloading facility of some type in Ceduna to cater for the trawler industry. At this 
stage the most likely scenario is that a simple structure may eventually be connected to the 
Thevenard wharf in some way. However, this is currently only an idea and a full feasibility study is 
yet to be undertaken. 
 
That said, Council has recognised the need for on shore facilities to service the needs of the 
fishing and aquaculture industries, together with recreational vessels, in so far as the provision of 
industrial and commercial activities such as vessel maintenance and repair activities that may 
otherwise not be appropriate within the Ceduna Keys Development.  Council is soon to 
commission the preparation of a needs analysis in this respect with a view to preparing a ‘master 
plan’ for the long term development of such facilities, to be implemented via the Plan Amendment 
Report Process to the extent that rezoning or change of Development Plan policy may be 
required.  

 
 8.8 Opportunities for Aquaculture and Fishing Industries 

 
The commercial harvesting of a variety of species has occurred in the Great Australian Bight for 
many years. To ensure the long-term sustainability, both the inshore (State waters) and offshore 
(Commonwealth waters) commercial fisheries, are managed through stringent control methods 
including; 

 
• licensing controls,  
• catch limits,  
• size restrictions,  
• area restrictions,  
• limited entry,  
• and in some cases fishery management plans. 

 
According to the Great Australian Bight 1000-West Coast Strategy, 2000, the major commercial 
fishing sectors represented along the West Coast comprise the Northern Zone Southern Rock 
Lobster fishery, the Western Zone Abalone Industry (including both Blacklip and Greenlip 
Abalone), the Western King Prawn Fishery and the Marine Scalefish fishery. These sectors are 
effectively managed by independently chaired Fisheries Management Committees (FMCs). FMCs 
are jointly charged with the Director of Fisheries under the Fisheries Act 1982 to manage the 
fisheries. The committees comprise representatives of industry, PIRSA Fisheries and 
Aquaculture, research agencies and in some cases, the recreational fishing sector and the 
community.  
 
The commercial fishing sector is an important industry along the West Coast and Eyre Peninsula. 
In terms of produce value, approximately $20 million of Southern Rock Lobster, $22 million of 
Abalone, $22 million of Western King Prawns and $23 million of Marine Scalefish were harvested 
during 2000/01.  The sardine (pilchard) industry is now South Australia’s largest fishery by weight 
with a Total Allowable Catch (TACC) for 2001 of 9100 tonnes (Ward & McLeay 1999b, Ward et 
al. 2000; Knight et al. 2000). The fishery is managed by the State out to 200 nautical miles under 
the Offshore Constitutional Settlement agreement. 
 
Over the years most of the fishing has been undertaken in the southern Spencer Gulf area (Ward 
et al. 1998; Ward and McLeay 1999a; Ward et al 2000). However, in recent years more activity 
has started to occur in the Great Australian Bight region. This is expected to increase with the 
establishment of the Ceduna Keys and appropriate onshore facilities in the town.  

 
The South Australian sardine fishery is managed under a regime of input and output controls that 
involve entry limitations, gear restrictions, an annual total allowable catch (TACC) and individual 
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transferable quotas (ITQs). The fishery comprises 14 licences holders. Currently, nets cannot 
exceed 1000m in length or a depth of 200m and there are mesh size restrictions of 14 to 22mm22.  

 
The majority of the pilchards are sold to tuna farmers in Port Lincoln as feed. However, because 
the product is of such good quality the local industry has started to explore the potential for export 
and value adding for interstate and overseas markets and this has significantly increased the 
value of the fishery. 
 
In recent years the trawl fishery in the Great Australian Bight has proved to be one of the richest 
and largest untapped resources in Australia. Anecdotal evidence suggests that there is significant 
potential for the pelagic fishery to expand into the harvesting of blue mackerel at a commercial 
level. However, any decisions as to whether this would occur or not lie with the appropriate 
Government Departments. 
 
The Ceduna Keys marina facilities would enhance the existing fishing operations and attract 
additional vessels to the town via the provision of suitable facilities in a strategically important 
location in relation to existing and new fishing grounds in particular the pilchard grounds.  
 
Currently the tuna fleet is travelling a considerable distance to catch their quota. The industry 
tows the live fish in nets back down to Pt Lincoln and this is a substantial cost to the industry each 
year. A high number of boats also steam back to Pt Lincoln to refuel and restock supplies, as the 
Port of Thevenard is often busy with the larger ships. 
 
The proposal to construct a marina in Ceduna has been welcomed by members of the industry as 
it would provide a safe haven for boats, off loading facilities for product to be trucked frozen to Pt 
Lincoln and refuelling/ restocking facilities. A facility at Ceduna would save the tuna industry a 
considerable amount of valuable steaming time and money. The Thevenard Port Master Plan 
reported that the tuna industry was losing income from having to steam back to Pt Lincoln for 
unloading and refuelling. Each return trip costed $5,000, producing an unnecessary cost of 
$60,000 per season to the operator. A trawler fisher indicated an economic cost of $6-7,000 per 
week per vessel ($325,000 per annum) due to the lack of reliable facilities in Ceduna and region. 

 
The attraction of the fishing industry to the town and region would provide the opportunity for 
business expansion through stocks/ supplies and fuel. “Data collected suggests that the direct 
economic activity in the local economy could be considerable in the order of $6.7m per annum if 
all activity could be direct to Ceduna, with the impact being wider taking into account a multiplier 
effect which follows from such expenditure. Presently there is a significant leakage of that 
economic activity from the local economy because of: 
 
The absence of suitable facilities for direct unloading of larger craft in the local area 
Restricted access for larger craft to existing inadequate facilities 
Market performance to alternative facilities, although inadequate” 
 
A number of people from the tuna industry have shown strong support for the initial concept 
proposal. The industry has indicated an interest in long term investment in the Ceduna Keys 
project. 
 
The far west coast region of Eyre Peninsula is widely recognised as a prime region for 
aquaculture development mainly because of the clean unpolluted waters, low population base 
and vast stretches of coastline and offshore waters. There is considerable potential for these 
industries to expand and a range of alternative new sites are currently being identified by PIRSA. 
The offshore waters adjacent to Ceduna have been identified as having significant potential for 
future aquaculture development in species such as finfish, abalone, scallops and other molluscs. 

 
According to the Far West Aquaculture Management Plan 1996, the Denial Bay/ St Peters and 
Smoky Bay zones would have 165ha respectively (a total of 330 hectares) when fully developed 

                                                     
22 SARDI Aquatic Sciences Fishery Assessment Report, Sardine, October 2003. 
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and all of these areas have been fully allocated. At this stage the industry on the far west coast is 
far from reaching full production with all intertidal bays at varying levels of development, the most 
advanced being Ceduna (Denial Bay), where they are operating at approximately two thirds of 
their potential capacity. St Peters Island and Smoky Bay still have areas of water that are not yet 
developed i.e. the Waterwitch subtidal shellfish zone (80 hectares).  

 
The diversification of the aquaculture industry has already started to occur in the area with the 
recent development of abalone aquaculture and scallops in the offshore waters near Ceduna. 
There has also been interest in developing finfish aquaculture in the region. 
 

 8.9 Recreational and Commercial Fish Stocks 
 
According to traffic statistics recorded by the District Council of Ceduna, March-June 2004, an 
average of 210 recreational fishing boats use the main boat ramp in Ceduna on a weekly basis 
(or a total of 10,920 boat trips per year). During holiday periods the population of the town 
increases to 4,000 with an estimated further 120 recreational boats using the ramp over these 
times.  In 1997, the Department of Transport from 96 observations recorded 2879 trips, 1792 (62 
per cent) of these were recreational fishing trips. The boat ramp is ranked 33 for recreational 
fishing and 32nd overall ranking in terms of the assessment undertaken according to a range of 
criteria.  
 
The Ceduna Keys project would inevitably attract new people to the town, resulting in population 
growth on a permanent basis. It is also expected that there would be a general increase in the 
recreational boating activity and in particular, recreational fishing in the area due to the 
development. It is highly probable that half of the properties in the marina would have a boat that 
would be used for recreational fishing purposes, and this would have an impact of some type on 
the current marine environment. It is therefore estimated that a further 150 recreational boats 
would be permanently located in Ceduna.  
 
According to The National Recreation and Indigenous Fishing Survey, 2003, on average 
recreational fishers in South Australia fish for 6.10 days per annum. It is therefore fair to assume 
that the additional 150 boats located in the marina would account for a further 915 boat trips per 
year in Ceduna (an 8 per cent increase in overall usage). 
 
Ceduna and the Eyre Peninsula have long been recognised as one of South Australia’s best 
fishing locations, and recreational fishing has always been one of the most popular activities for 
the locals and visitors alike. The Eyre Peninsula Tourism Association Marketing and Business 
Plan 1997-1998, indicated that marine based visitor pursuits account for approximately three 
quarters of the region’s tourism activity. One in four tourists identify fishing as the major factor 
influencing their decision to come to the region.  
 
Past evidence has also shown that the town, its coastal surroundings and the fishery has long 
been able to support a significantly larger population of people. This occurred in the 1980’s when 
Ceduna’s population gradually increased to peak at 5,000 in 1986 (The Life on the Edge, J Faull, 
1988). The people who worked at this time for the Ceduna Satellite Earth Station (OTC) and 
Telstra, were affluent, had disposable incomes and were able to regularly afford activities such as 
recreational fishing. Along with this, in 1987 there were 42 “A” Class commercial fishing licenses 
and 16 restricted licenses in comparison to around 20 licenses today.  

 
It is also important to note that until 1982 fishing regulations were not very stringent and it could 
therefore be assumed that considerable pressure was placed on fish stocks in and around 
Ceduna prior to this time. However, even with this usage over the years the fishery has remained 
at a consistently sustainable level. 
 
Today’s fishing regulations do not allow for the exploitation of fish stocks throughout the State. 
Laws to control fishing activities are contained in the Fisheries Act 1982, which provides for the 
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conservation, enhancement and management of Australia’s fisheries. The overall aim of the Act 
is to ensure the long-term health of Australia’s fish stocks. To achieve this, regulations are 
applied rationally and fairly to fishing, to control the numbers taken. Australian fisheries 
management agencies in all States apply a range of measures to protect fish habitat and 
conserve fish stocks.  

 
In South Australia, fisheries management is controlled by the Department of Primary Industries 
and Resources SA (PIRSA). Their primary role is to conserve fish stocks, manage sustainable 
harvesting, protect aquatic habitat and share the resource among users. Stock numbers are also 
monitored through ongoing research, which is managed by PIRSA and carried out by the SA 
Research and Development Institute (SARDI). Assessments of the impacts are made by PIRSA 
on a regular basis and management regulations are changed accordingly to ensure the long term 
sustainability of the State’s fishery. 
 

 8.10 Financial Strategies for Infrastructure 
 
The developer would seek to bond infrastructure development to ensure that the relevant 
infrastructure is in place for each stage of construction. The project has reached its current status 
with a combination of State Government, Local Government, initiating developer input and 
Ceduna Marina Development Company (CDMC) investment.   
 
The CMDC is a company formed with a range of shareholders who have experience in these 
projects.  It consists of equity capital and ability to raise the necessary construction funding in 
accordance with the market demand.  In addition the development company has identified areas 
where the direct beneficiary of the construction relates to other community use groups and would 
pursue additional grants with and on behalf of these other groups to expedite the full construction 
program.   
 

 8.11 Land Tenure Arrangements 
 
Tenure would revert from the Council to Developer upon settlement of the contract to purchase 
the majority of land described in the development application. Land tenure would transfer to 
purchasers of residential and commercial allotments upon issue of titles by the LTO. Public areas, 
such as reserves, breakwater and community facilities, would be retained by or transferred to 
Council upon deposit of plan at the Lands Title Office (LTO).  
 
Crown land associated with the coast and seabed which is required for the proposed 
development would be transferred to the proponent (ie for commercial areas such as the marina) 
or Council (ie breakwaters and entrance channel).  Road reserves would need to be created and/ 
or amended to be vested in Council. 
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9. NATIVE TITLE AND ABORIGINAL HERITAGE 
 

 9.1 Aboriginal Heritage 
 
Prior to field work being commenced, consultation was undertaken with Mr Mitch Dunnett, the 
Aboriginal Liaison Officer with the District Council of Ceduna and a member of the Wirangu 
Aboriginal community.  It was decided that the archaeological survey would be undertaken in the 
company of Mr Wayne Miller, a Warangu elder and Mr Dunnett.  Consultation was also 
undertaken with representatives of the Ceduna Aboriginal Community Council Inc. as requested 
by the State Aboriginal Heritage Committee.  Discussions were subsequently held with The 
Chairperson of the Council, Mr Oscar Richards and Mrs Sue Hazeldine. 
 
From the preliminary work undertaken to date, it would appear that although not within the site of 
the proposed marina development, there is a ‘fish trap’ further to the west indicative of that found 
in locations along the coastline between Thevenard and the Halfway Camp near Ceduna.  The 
fish trap is in the form of a natural limestone reef formation that would have been closed off by 
stones when in use.  This fish trap site is a registered site with information held by the 
Department for Aboriginal Affairs and Reconciliation (DAARE).  Apart from this ‘fish trap’ no other 
Aboriginal cultural material has been recorded within the study area. 
 
From the archaeological surveys undertaken a range of Aboriginal cultural material was found in 
the form of midden and stone artefacts in two locations within the Study Area as identified and 
further elaborated on within the Environmental Assessment undertaken by Eco Management 
Services Pty Ltd.  Both of these areas were located within the sand dunes to the coastline.  Area 
A containing midden and stone artefacts is located to the west of the development site adjacent 
to the fish trap.  Area B containing midden and a small number of artefacts including more recent 
evidence of camping, is located to the north of the BP Service Station in the Eyre Highway.  
 
In addition to the two areas where midden and artefacts were evident, Mr Dunnett has indicated 
that a freshwater soak exists in the area where the service station has been extended adjacent to 
a natural channel which has now been filled in as part of road works associated with the Eyre 
Highway.  The area to the east of the junction between the Eyre Highway and the Denial Bay 
Road was also pointed out as being the location of previously found burials.   

 
Notwithstanding the research undertaken and preliminary findings presented to date, there is a 
need to undertake a more comprehensive archaeological and anthropological survey and 
clearance process by specialists chosen by the aboriginal communities.  
 
The site clearance for Native title would cover both the freehold and Crown Land, which takes the 
entire site into account.  The Heritage Survey will be undertaken by approved parties and is to be 
coordinated by the Aboriginal Legal Rights Movement (“ALRM”) on behalf of the amalgamated 
claimant group for the Far West Coast.  We expect this Heritage Survey to be completed and 
presented in June 2005. 
 
A Native title mediation meeting will be conducted in late June early July 2005.  At this meeting 
the Heritage Survey report will be released to the developers.  Discussions will initially centre on 
any significant Heritage issues on the site.  The Developers do not anticipate that there are any 
significant Heritage issues on the site based on the discussions with Council and a review of the 
previous Heritage studies on the site. 
 
Once the Heritage issues, (if any) are satisfactorily resolved, a draft Indigenous Land Use 
Agreement (“ILUA”) will be discussed and negotiated between parties.  

 
 9.2 Native Title 

 
The Ceduna District Council commenced negotiations with the Aboriginal Community when it 
began studies for the possibility of the development and this has continued, in a variety of ways 
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due to the now 5 amalgamated claims that have been lodged over the land and seabed since the 
original negotiations took place.  
 
There is currently an existing claim by 5 groups over Section 265 currently held as Crown Land. 
The claim was further amended in January 2005 to permit the amalgamation of the Far West 
Coast claim with the Mining claims.  
 
The current existing claim has been referred to the National Native Title Tribunal by the Federal 
Court.   The District Council of Ceduna and Ceduna Keys (being the Ceduna Marina 
Development Company Pty Ltd, who were the successful applicants from Tenders undertaken by 
the District Council of Ceduna to undertake the Ceduna Marina Project) are being represented by 
Rosemary Craddock and Carey Goodall as the legal representatives. 

 
The Proponent and Council are currently undertaking meetings with the Statewide ILUA 
Negotiation Team. It has been agreed that the National Native Title Tribunal mediation be 
suspended and that the parties would continue mediation through the Statewide ILUA process. 
There would be public consultation with all relevant aboriginal communities, including the Ceduna 
community.  
 
The land contained within Section 197 is currently vested in the ALT and is used as a homeland 
property for the Miller Family. There are various processes under that Act in order to obtain 
appropriate title to the land. 
 
Negotiations are currently being undertaken with the Aboriginal Land Trust (“ALT”) the owners of 
the land, and ALRM, who represent the Far West Coast Claimant Group, in respect to the portion 
of the land in Section 197. 
 
Negotiations are being undertaken with the ALRM on behalf of the Far West Coast Claimant 
Group for portion of the land in Section 265, this land is currently Crown Land. 
 
The Developers seek to procure the freehold of the portions of Sections 197 and 265 as shown to 
construct portion of Stage 11 and portion of the commercial marina area in the Ceduna Keys 
Project.  
 
There is a further section of Section 197 that is shown as white, and this area would not be 
disturbed or changed in regard to the current title, nor ownership and would not be further 
developed. 
 
When negotiations have been agreed with the ALT and the ALRM in respect to the land, the 
seabed and the Crown Land needs to be converted to freehold title, and such would require 
amendment through the two Houses of Parliament to be ratified. 
 
Further consultation with the Aboriginal communities would be required and would take place with 
public meetings to complete the Native Title issues.  All native title matters would be continued to 
be mediated in the early portion of 2005 by all parties and reports would continue until all issues 
are resolved with a view to developing an Indigenous Land Use Agreement. 
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10. ENVIRONMENTAL MANAGEMENT – CONSTRUCTION & OPERATIONAL 
 
10.1 Construction Environmental Management Plan (CEMP) Preparation and 

Implementation 
   

A Construction Environmental Management Plan (CEMP) will be prepared by the proponent. It 
will involve the development of a specification by the Proponent, outlining all issues to be 
covered, the standards that need to be achieved and monitoring requirements that must be 
included in an Environmental Management Implementation Plan (EMIP).   
 
The Construction EMP would address a wide range of issues, including stormwater and erosion 
management, dewatering, acid sulphate soils, noise, dust, safety (public and construction 
workers), traffic management, etc.  It would be prepared in accordance with available guidelines, 
particularly the EPA Codes of Practice and would be submitted for approval of any licensed 
activities by Planning SA in consultation with the EPA, before the commencement of any 
construction activities. 
 
With respect to environmental protection, the key objectives of the plan are: 
 
• To minimise any turbidity, sedimentation of the waters of Murat Bay. 
 
• To prevent the disturbance or leachate from any acid soils entering the Waterways or Murat 

Bay. 
 
• To prevent or minimise the disturbance of any flora habitat outside the construction area. 
 
• To minimise the effects of noise or dust on adjacent areas. 
 
• To minimise any disruption to traffic movement during the diversion of the Eyre Highway and 

Denial Bay Road. 
 
• To maintain high standards of public safety throughout the construction period. 
 
The likely construction sequence is outlined in Section 10.2 and the matters to be addressed by 
the contractor(s) in the CEMP are outlined in Section 10.3 below. 
 
All site works will be undertaken under AS 4000 (General Conditions of Contract).  
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The following parties will be involved: 
 

 

Member Role Responsibility 
 

Ceduna Marina 
Development Company 
(CMDC) 

Proponent/Principal Ensure that all construction and ongoing 
operational aspects of the development are 
undertaken and implemented in accordance with 
the EIS and conditions of development approval.  
Overall responsibilities for environmental 
performance (duty of care under Section 25 of the 
Environmental Protection Act 1993).  
 

To be determined by 
tender or other means. 
Contractual conditions 
to be AS 4000. 

Contractor Responsibility for environmental performance 
(duty of care under Section 25 of the EP Act 
1993). 
Compliance with all provisions of the EMP 
Preparation and implementation of environmental 
management implementation plan (EMIP) for the 
site. 
 

Dare Sutton Clarke 
(DSC) 

Lead Consultant, 
Construction 
Superintendent 

Design and documentation of earthworks, 
waterways, breakwaters, entrance channel, edge 
treatments and all land division infrastructure. 
Monitoring and assessment of Contractor’s 
performance against provisions of the EMP  
Ensure that the EMP addresses all the issues 
raised in the EIS and details the manner in which 
construction and associated monitoring of potential 
impacts will occur. 
 

Coffey Geosciences Geotechnical 
Consultant. 
Acid Sulphate soil 
specialist. 

Investigate the entire site in detail to determine the 
physical properties of the soils and groundwater 
and the potential risk from acid sulphate soils. 
Develop mitigating strategies in collaboration with 
DSC. 
 

To be determined Hydrogeological 
Consultant 

Investigate the existing groundwater regime and 
assess the potential for impact on the 
development from the existing Council landfill.  
Develop mitigating strategies in collaboration with 
the Principal, Council and DSC. 
 

John Chappell 
Engineers 

Marine and Coastal 
Engineering 

Design of Breakwaters and Entrance Channel 
 
 

DSC Andrew Cadastral and 
Engineering Surveys 

 
 
 

Eco Management 
Services 
Pty Ltd 

Environmental 
Science 

Reviewing design documentation for compliance 
with the EMP and monitoring. 
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The development and implementation of the plan will involve the following: 
 

• Implementation of Environmental Management Measures 
 

 Based on the specification prepared by the Proponent, all environmental management 
requirements during construction will be documented in an Environmental Management 
Implementation Plan (EMIP), to be produced by the Contractor prior to commencing site works. It 
will detail how the Contractor will implement and manage environmental aspects of the project. 
This plan will form part of an overall Quality Plan, which also addresses safety, operating 
procedures, inspection and test plans and checklists. 
 

 The Contractor’s environmental management responsibilities for the proposed site works will 
include: 
 
− preparation of an EMIP in accordance with the requirements of the EMP to show how the 

environmental requirements for the project will be met 
− carrying out the work in accordance with the EMIP and the provisions of the EMP 
− monitoring the environmental impact of the work 
− assessing the effectiveness of the EMIP based on monitoring and auditing results 
− updating and improving the plans as required. 
 
• Induction and Training 
 
Project specific training or certification requirements for all site personnel (Superintendent’s 
Representatives, consultants, Contractor’s personnel and subcontractors) will be the 
responsibility of the Contractor. Appropriate training records and certificates shall be maintained 
by the Contractor and provided to the Superintendent prior to commencing site works.  

 
It will be the responsibility of the Contractor to ensure that all project personnel are aware of 
environmental management requirements and procedures. 
 
• Inspection and Monitoring 
 
A representative of the Superintendent will undertake inspections of the Contractor's activities. 
The Superintendent’s Representative will have full time presence on site. 

 
Monitoring for dust, dust contents, noise, surface water quality and groundwater quality will be 
carried out by the Superintendent. 
 
• Assessment and Reporting of Environmental Performance 
 

 Reviews of environmental performances shall be undertaken by the Superintendent. Reviews will 
be undertaken as monitoring information becomes available. The Contractor will be instructed on 
the outcomes of reviews immediately. Summary review reports will be prepared monthly. The 
reports will be provided to the Contractor, the Principal and relevant government agencies. 

 
Environmental incidents and emergencies will be reported immediately to the Principal (and if 
necessary the EPA) by the Contractor or the Superintendent. 
 
• Auditing 
 

 The performance of the project against this EMP will be audited by a suitably qualified and 
experienced environmental auditor (independent of the parties listed above), three months after 
commencement of site works. Additional audits shall be undertaken thereafter at six monthly 
intervals. 
 

171



ENVIRONMENTAL IMPACT STATEMENT 

 

 
                                                                                                                                                                                                                                                                       

Environmental audit findings will be submitted to the parties listed above. If necessary, the EMP 
will be amended and the amendments implemented. 
 
• Stakeholder consultation 
 

 Project Steering Committee meetings will be held regularly with key stakeholders including 
representatives from the local community, Council, relevant government agencies (such as 
Planning SA and EPA) and the parties listed above as a forum to provide advice to CMDC on 
project management and delivery issues. 
 
Affected adjoining owners to the sites will be notified 10 days prior to each stage of the works of 
the Contractor's intention to commence works adjacent to their site boundary. Affected owners 
will be issued with a program for the completion of these works. 

 
A 24 hour hotline will be established to address issues that may arise during the construction 
process that require an after hours response. During normal working hours the Contractor’s site 
supervisor will address community concerns raised. The site supervisor will also maintain a 
register of representatives from each relevant stakeholder group to be displayed at the site 
information centre. 

 
It is recognised that the construction phase potentially can have major environmental impacts, 
unless measures are taken for their minimisation encompassed in a Construction EMP. 
 

 10.2 Construction Sequence 
 

Dare Sutton Clarke Engineers, in consultation with the Proponent, has outlined the likely 
construction sequence.  As indicated in the Figures 10.1 to 10.4 the most likely sequence of 
activities is as follows: 

 
Stage A 
 

• Commence Eyre Highway Diversion including water main, sewer main and arch culvert to 
the future land division. 

 
• Construction of the western and southern breakwaters including the temporary bund. 

 
• Installation of the dewatering pumps or settlement ponds. 

 
• Excavation of the southern waterways east of the Eyre Highway. 

 
• Filling of the adjacent low-lying land and building the noise mounds. 

 
• Stockpiling of excess excavated material at a suitable offsite location with appropriate 

drainage management. 
 
Stage B 
 

• The installation of riprap and concrete edge beam to southern waterway batters. 
 

• The installation of a culvert to connect to the future northern waterways. 
 

• Construction of Sub Stages 1, 2 and 3 land division infrastructure works (roads and 
services). 

 
• Install settlement ponds and dewater enclosed area west of the Eyre Highway. 

 
• Excavate waterways west of the Eyre Highway and fill low-lying areas. 
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• Connect the diversion road to the Eyre Highway and redirect all traffic along the new 

diversion road. 
 

• Re-route the overhead powerlines along the Eyre Highway. 
 

• Commence construction of the entrance channel. 
 
Stage C 
 

• Completion of the southern waterway excavation and installation of the riprap and 
concrete edge beam. 

 
• Construction of the Denial Bay Road Diversion including services to Stages 8 and 9 

allotments. 
 

• Excavation of the northern waterways, filling of low-lying areas and the removal of excess 
cut material to a suitably located stockpile site. 

 
• Construction of Stages Sub Stage 4 and 5 land division infrastructure works (roads and 

services). 
 

• Installation of riprap and concrete edge beam to northern waterway batters. 
 
Stage D 
 

• Construction of Sub Stages 6 to 11 land division infrastructure works (roads and 
services). 

 
• Cease dewatering, remove the settlement ponds. 

 
• Remove the temporary bund between the western and southern breakwaters and flood 

the waterways with seawater. 
 

• Complete the construction of the entrance channel and breakwater armour works. 
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Figure 10.3  

C
onstruction Sequence Stage C
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 10.3 Elements of the Environment (Construction) Management Plan 
 

  10.3.1  Coastal Acid Sulphate Soils (CASS) Management Plan 
 

Reference to the South Australian Coastal Atlas on www.atlas.sa.gov.au indicates that 
there are two areas marked as Potential ASS (Mangrove) and Potential ASS (intertidal) 
that lie within the development site. These are located on the coastal side of the Eyre 
Highway adjacent to the headland that lies to the south of the proposed entrance 
channel. 
 
No potential acid sulphate soils were encountered during the investigations undertaken 
by Coffey Geosciences. The investigations did however terminate above the expected 
waterway excavation depth due to the influx of groundwater. 
 
Nevertheless it is recognised that acid sulphate soils can be very destructive to the 
environment therefore before any development takes place it is proposed that further 
detailed soil analysis plus surface water and groundwater monitoring be undertaken by a 
qualified ASS scientist. The analysis will be undertaken in accordance with South 
Australian Coast Protection Board publication Coastline No 33 January 2003 "A strategy 
for Implementing CPB Policies on Coastal Acid Sulphate Soils (CASS) in South Australia"  
 
Based on the results of the investigations a long term CASS Management Plan that 
includes remedial actions at each stage of the development will also be prepared. The 
plan will include contingency measures in case unexpected complications arise.  
 
The strategy will not only include deeper and detailed geotechnical investigations to more 
accurately determine the geotechnical and chemical properties of the soils to be 
excavated and reused within the site but also the collection of water samples for 
determination of acidity, soluble iron, aluminium and heavy metal concentrations. These 
investigations will include further assessment of the potential for generating acid sulphate 
soil conditions. Even if not discovered during investigations the environmental 
management plan will include techniques for identifying, isolating, handling and on site 
containment of potential acid sulphate soils in case these conditions are encountered 
during excavations. Particular attention will be paid to sampling and testing surface water 
and groundwater on a regular basis so that acidic discharges or soluble toxic metals 
greater than Marine criteria are not discharged into Murat Bay. 

 
 10.3.2 Soil Erosion and Drainage Management Plan 

 
  A most important element of the Construction EMP is a Soil Erosion and Drainage 

Management Plan.  This soil erosion and drainage management plan will apply to both 
the construction and operational phases of the development.  As outlined in the EPA 
Code of Practice, this is required to minimise offsite environmental impacts and also is to 
the benefit of the Proponent, reducing downtime from poor site conditions, loss of 
materials and site remediation costs. 

 
  To a great extent the most likely method of construction and the construction sequence of 

the residential allotments, provision of services, construction of the marina waterways etc. 
as indicated above, minimises the potential impacts on marine water quality because of 
the dry construction site.  That is, the marina waterways would only be flooded by 
seawater, with the removal of the temporary bund when the majority of construction 
activities are finished and, to a significant extent, disturbed areas have been stabilised.  
Key elements that would be included in the plan area as follows: 
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  The work is to be undertaken in the dry.  Geotechnical investigations (see DSC 2004, 
Working Paper 1) indicate that groundwater is located at a depth equivalent to about 
mean sea level.  Therefore, dewatering from a purpose-built low-lying location would be 
required.  The water would be discharged into a custom-built detention pond, constructed 
from bunds. 

 
  The detention pond would be sized and configured to accommodate the dewatering and 

the pumps would also handle any stormwater entering the construction site. 
 
  Within the detention pond, due to settlement, turbidity/suspended solids would decrease 

prior to any outflow to the bay.  The quality, particularly turbidity levels would meet the 
requirements of the EPA.  Due to the presence of clays, some of the turbidity may be 
persistent.  This would be monitored.  If required, a suitable flocculant could be employed, 
e.g. alum, to ensure turbidity levels are within an acceptable range. 

 
  Interim general stormwater runoff and erosion controls such as earth bunds, swales and 

sedimentation basins would also be put in place for the period prior to the construction of 
roads and services. 

 
  The extent of disturbed areas at any one time would be minimised as follows: 
 

Site Access:   Access to the site would be available only as directed.  Access 
would be restricted to controlled egress points from surrounding 
roads. 

 
Compound:   Confine all site accommodation, materials storage and construction 

equipment not in use and/or repairs to a designated site compound.  
Locate the compound to minimise nuisance to the surround area, to 
the approval of Council. 

 
Proximity:   Confine machinery operations to a maximum of 10 m from all areas 

to be excavated. 
 
Haul roads:   Prior to starting any operations on site, submit a marked up site plan 

showing the locations of temporary haul roads.  Upon approval, peg 
the route of these roads and confine all future operations by plant 
and equipment to these areas. 

 
Re-establishment: Restore or stabilise disturbed, compacted or spoiled ground not 

required to be varied, as part of the works to the condition existing at 
the commencement of the work. 

 
Damage to roads: Repair any damage to roads or other structures caused by the 

actions of the Contractor in executing the works.  Maintain the 
existing streets in the area in a clean state to the satisfaction of the 
local Council. 

 
Soil erosion would be minimised by planning and carrying out the work to avoid erosion, 
contamination and sedimentation of the site, surrounding areas and drainage systems, 
and adopting such measures as may be necessary for erosion control, including the 
following, where applicable: 

 
• Staging of operations (e.g. clearing, stripping). 
 
• Temporary drains and catch drains. 
 
• Diversion and dispersal of concentrated flows to points where the water can pass 

through the site without damage. 
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• Spreader banks or other structures to disperse concentrated runoff. 

 
• Temporary silt fences and/or hay bales. 
 
• Sedimentation ponds. 
 
• After each rain the site would be inspected, with cleaning and repairing temporary 

erosion and sediment control works if required. 
 
• Temporary erosion control measures would be removed when they are no longer 

required. 
 

 10.3.3 Entrance Channel 
 
  Overall, the environmental effects of the construction of the channel depends upon: 
 

• The extent of construction. 
 
• The method of construction. 
 
• The duration of the construction period (and intermittent nature of operation – 

continuous, or a few hours/day). 
 
• The nature of the materials being excavated. 

 
  Importantly, there would be no offshore disposal of excavated material. 
 
  Extent of Channel and Excavation Works 
 

 Seaward of the breakwaters the entrance channel will be excavated to -4.0 m AHD to 
provide a minimum water depth of 3.0 m below local datum (Indian Springs Low Water). 
The local Admiralty Charts indicate a water depth of about 1.8 m at the end of the 
breakwaters grading to a water depth of 2.8 m at a distance of about 800 m seawards 
from the breakwaters. The depth of channel excavation is expected therefore to range 
from a maximum of about 1.2 m at the breakwater opening grading to zero over a 
maximum distance of about 1000 m. 
 
Depending on the ground conditions excavations will either be by a barge-mounted 
excavator (or clamshell) or by a cutter suction dredge.  
 
It is anticipated that the deeper near shore excavations will encounter limestone and 
possibly harder rock under the surface sands and may need to be excavated by an 
excavator. Off shore in the deeper waters where the depth of excavation will be less it is 
anticipated that a cutter suction dredge may be an appropriate means of excavation.   
 

  The dredged material will be pumped via a floating discharge line to a 45,000 cubic metre 
capacity, purpose built holding basin located adjacent to the southern breakwaters. The 
basin will be configured to reduce flow through velocities and encourage the suspended 
solids to settle before the water is allowed to return to the bay. The location of the on-
shore holding and sedimentation basins is shown on Figure 10.5.  
 
Up to 10,000 m3 of barged or trucked material will be allowed for. This material will be 
stockpiled on the surface of a previously filled area to facilitate drying before use as fill 
material.  
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In deeper waters (greater than 2 metres at low tide or -3.0 metres AHD) the batters will 
not be prone to damage from waves and can be laid back at a slope of 1 in 3 without 
further protection. 

 
In shore (less than 2 metres at low tide or -3.0 metres AHD) where the batters may be 
prone to damage from wind and/or boat-generated waves they will be laid back at 1 in 3 
and protected with rock rip rap, similar to that used on the breakwaters. 
 
Investigations Prior to Channel Excavation 
 
Prior to dredging an environmental assessment will be undertaken for the purpose of: 
 
• Sampling and testing the soils to be dredged for the presence of contaminants 

greater than criteria to be established in consultation with an SA EPA approved 
Environmental Auditor. 
 
The criteria will be based on the Health Investigation Levels (HIL’s) and Ecological 
Investigation Levels (EIL’s) for soil in Table 5-A of the NEPC Guideline on the 
Investigation Levels for Soil and Groundwater (NEPM 1999)m, and the ANZECC 
(2000) Interim Sediment Quality Guidelines (ISQG). 

 
• Selecting a location for the disposal of the dredged materials that minimises the 

impact on existing vegetation and groundwater. 
 

• Assessing and establishing criteria to be complied with before water can be returned 
to Murat bay from the dredging process. This is likely to be 10 NTU as defined in the 
EPA Environment Protection (Water Quality) Policy. 

 
• Establishment of criteria for the handling and ultimate use of the dredged soils. 
 
The outcome of the above process is to obtain a license to undertake the dredging and all 
associated activities. 
 
Monitoring 
 
A monitoring program will be defined as part of the Construction Management Plan, refer 
Section 10.  The scope of the program will be confirmed with the EPA, but is likely to 
involve: 
 
• Prior to the dredging operation 
 
At selected sites and tidal conditions along the length of the channel corridor, 
measurements will be taken of turbidity and samples collected for suspended 
solids/particle size analysis.  The field measurements would use a combination of a 
secchi disc and a turbidity meter (nephelometer). 
 
• During offshore dredging 
 
Measurements will be taken of turbidity and samples collected for suspended solids: 
- at a suitably located control site, away from the influence of the dredging; 
- at 2-3 locations in close proximity to the dredging operation (within 50-100 m), and 
- along the track of any observed turbidity plume. 
 
Records will also be kept of: 
- the days (dates) on which dredging occurred, and 
- the total hours and time of operation. 
 
• Holding pond water release 
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Measurements will be taken of the turbidity levels and suspended solids of water released 
to the marine environment, and at locations near the point of release (50, 100 m).  Initially 
this should be undertaken daily to ensure that these parameters are at acceptable levels. 

 
If monitoring indicates that predetermined acceptable levels of turbidity have been 
exceeded, then the dredging operation should cease until conditions improve and/or the 
operation is modified. 
 
Similarly, if turbidity levels exceed those of the policy levels for marine waters, in the 
receiving waters adjacent the point of discharge from the holding ponds, the discharge 
will also cease. 
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 10.3.4 Breakwater Construction 
 

Construction of the breakwaters would be one of the early components of the works and 
can be concurrent with the relocation of the highway. 
 
Core construction by end tipping would commence at the shoreline and proceed out 
along and to the required line and length.  No disturbance to areas outside of the 
breakwater footprints other than at the entrance channel and at the shoreward links 
would be required or permitted during construction. 
 
The core would be primarily constructed from crushed rock or paddock limestone to 
minimise turbidity.  Sub armour would be placed immediately to protect the core followed 
later by the outer armour layer.  For details of the proposed breakwater arrangement, 
refer to the cross section in Figure 3.3. 
 
Both breakwaters would be joined initially to enable the landside of the site to be 
dewatered.  If excessive leakage under or through the core occurs, a trench backfilled 
with clay would be constructed through the core to the depth required. 
 
Rock that is suitable for breakwater construction would likely be sourced from existing 
quarries within about 40 km or so from the site. 
 
As discussed in Section 6.11.2, culverts or pipes in the breakwater would facilitate 
drainage of the intertidal flats, minimising changes to the existing drainage pattern, which 
might otherwise impact fauna.  In the short term, however, as the construction of the 
breakwater would take months, a temporary drainage line might be put in place to prevent 
short term effects.  

 
10.3.5 Batter Construction 

 
All edges within the waterways will be constructed to a slope of one vertical to two or 
three horizontal and protected from the action of wind and vessel generated waves by a 
geofabric filter cloth under a 600 to 700 mm thick layer of rock (riprap).   
  
The source of rock will be similar to that used for the breakwater armour.  The rip rap will 
extend below the lowest tide level to provide protection from propeller wash. 
 
A small concrete or sandstone retaining wall would be provided at the top of the rip rap 
mainly for aesthetic purposes but can also function as a launching point for pontoon 
gangways. 

 
 10.3.6 Spoil Storage and Disposal 

 
It would be required that the following materials be removed from the site, to a location 
agreed with the Superintendent and Council: 
 
Surplus excavated materials; 
 
Excavated material not reusable as filling; 
 
All perishable material, rubbish and debris resulting from site clearing; and 
 
Disposal of all material shall conform to EPA requirements.  No material would be burned 
on site. 
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10.3.7 Weed Management  
 

Bare soils would quickly become colonised by weeds.  Disturbed areas such as vehicle 
parking, unvegetated areas, wheel tracks etc, provide opportunities for weeds.   
 
To minimise this: 
 

• weeds shall eradicated by spraying prior to construction; 
 

• bare ground shall be stabilised as quickly as possible. This would be done as part 
of the Soil Erosion and Drainage Plan to minimise soil loss and sedimentation.  It 
would also reduce weeds by using appropriate species, including temporary 
cover (sterile rye grass) until the landscape plan is implemented; 

 
• off site parking is to be avoided by appropriate bunting to demarcate no go areas; 

 
• washing of vehicles as proposed for the removal of dirt (to prevent soil on roads)   

 
 10.4 Protection of People, Property and Structures 

 
The Construction EMP would address the following: 
 
Until the Eyre Highway diversion is complete, the contractor would be required to restrict 
earthmoving activities to either side of the highway to minimise the movement of earthmoving 
equipment or trucks across the roadway. 
 
Access with appropriate signage from the site on to Eyre Highway would be limited to one or two 
predesignated locations selected and designed by a traffic engineer. 
 
As indicated earlier, management of the construction of roads and services, which would be 
undertaken in stages commencing from the south, would include the control of stormwater, 
erosion, dust, noise, access and safety.  Access to the site from the Eyre Highway would be 
restricted to predesignated locations and closed off to the general public.  With respect to the 
construction of the highway, the following measures would be included in the CEMP: 
 
Construction of the proposed diversions for Eyre Highway and Denial Bay Road along their 
proposed new routes would be required before the waterway links to Murat Bay can be 
completed. 
 
Clearing, filling, compacting and pavement construction activities would be carried out using 
normal road building techniques incorporating the control of dust and stormwater. 
 
The existing communications, power, water and any other services that exist within the current 
road corridors would be either diverted along the new routes or laid below the new waterway 
invert. 
 
Upon completion of the connections between the existing and new roads, traffic would be 
diverted and the old roads closed to prevent public access on to the site. 
 
All pipes, poles, conduits, walls, fences, buildings, railway, and any other structures, utilities and 
property within the vicinity of work should be maintained in their places and protected from 
damage. 
 
Dewatering would be monitored as necessary to ensure no excessive movement of the adjacent 
railway line or buildings, particularly due to dewatering of large areas. 
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Due notice should be given in writing to the owner of any property or utility that may be affected 
by construction operations prior to commencement of such work.  There should be liaison with 
the relevant authorities to determine acceptable protection measures. 
 
Should alterations to existing underground services be required by nature of the design, the 
necessary arrangements should be made with the appropriate authorities for the alterations 
having first provided 7 days notice.  All existing services shall be protected from damage and 
interruption during construction and shall always be accessible. 
 
There should be no excavation by machinery within 1 m of existing underground services without 
prior approval. 
 
Warning devices are to be supplied, erected and maintained (lighting, road signs, etc.), for the 
duration of the work in accordance with AS 1742.3: Traffic Control Devices for Works on Roads. 
 
Proper and adequate safeguarding of the works, including both fixed and unfixed material on the 
site, during both working and non-working hours is to be provided.  All measures are to be taken, 
including the provision of warning lights, fencing and the employment of a watchman or 
watchmen and/or safety patrol services as may be necessary for this purpose. 
 
All appropriate precautions should be taken to minimise noise, dust, mud, vibration and any other 
nuisance.  Agreements should be obtained with appropriate authorities with respect to roads 
which may be used for importing materials and removing spoil.  Wheels of vehicles should be 
cleaned as necessary to ensure against spoiling of local roads.  All roads affected by construction 
activities should be cleaned to the satisfaction of the Superintendent. 
 
Explosives should not be used without written permission of the Engineer.  Where use of 
explosives is permitted, surveys of surrounding structures shall be made in the presence of the 
Engineer and a record made with photographs taken as may be necessary.  Monitoring of the 
situation shall be carried out and all necessary making good provided. 
 
Work should be organised and conducted so as to minimise inconvenience to residents near the 
site of the works by the control of noise, vibration, dust, mud and any other nuisance.  Plant shall 
be fitted with effective silencing equipment. 
 
In particular, the following conditions shall be observed: 
 
Contractor 
 
- Planning of site works to minimise the areas to be worked in at any one time. 
- Planning of construction works to minimise noise generation. 
- All works shall be carried out work in accordance with the current version of the Environment 

Protection (Industrial Noise) Policy.   
- Working hours shall be from 7am to 5pm, Monday to Friday, and 7am to 1:30pm on 

Saturday, unless otherwise approved by the Superintendent and the EPA. 
- Only machinery which has been fitted with appropriately maintained silencing equipment 

shall be used on site. 
- Equipment shall be operated in a manner which minimises noise. 
- Equipment shall be shut down or throttled when it is not in use. 
- Equipment shall not be operated if repairs would eliminated or significantly reduce noise 

resulting from its operation. 
- Site personnel shall be trained in operating equipment in a manner which minimises noise. 
- Nearby residents and businesses shall be notified of potential Contractor increased noise 

levels and the likely duration of the works prior to commencement of work on site. 
- If environmental noise criteria are exceeded the Superintendent shall instruct the Contractor 

to make immediate changes to site operations to ensure future compliance. If future 
monitoring demonstrates further non compliance, the Superintendent shall instruct the 
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Contractor to stop work; and site works shall only resume after the Contractor has 
implemented changes to work practices that will ensure future compliance. 

- Maintenance of complaints register and immediate response to complaints. 
- Supervision and monitoring (Superintendent). 
- Review of Contractor’s planning, site layout and program. 
- Supervision of site works. 
- Noise monitoring during construction works.  

 
Monitoring: 

 
- Monitoring will be undertaken using a hand held noise level meter, capable of measuring the 

‘LAeq,T’ value of noise level. The noise level meter will be calibrated prior to each use. 
 
- Continuous monitoring will be undertaken for approximately 1 hour at each monitoring 

location for each monitoring event with the ‘LAeq,T’ value recorded for each event. The 
monitoring location shall be selected on the basis of proximity of a residence to the 
construction activities. 

 
All work shall be conducted so as to ensure the least possible obstruction to traffic.  The 
convenience of the public and the protection of persons and property are of prime importance and 
shall be provided for in an adequate and satisfactory manner. 
 
In particular, all necessary steps should be taken at all times to safeguard and ensure the safety 
of any person who may enter or trespass upon any part of the works. 
 
Fencing or barriers should be provided to prevent or limit access to the works and in particular to 
prevent access of unauthorised motor vehicles to the works area. 
 

 10.5 Protection of Existing Dune Areas 
 
Dune areas to the south west and north, which are immediately adjacent to the proposed 
development, will be protected by: 
 
fencing, to designate them as “no go” areas; 
preventing any surplus spoil being stored on or adjacent these areas; and 
preventing any vehicles being parked on or immediately adjacent these areas. 
 
10.6 Operational Environmental Management Plan 
 
As outlined in the previous sections, to a significant degree, the design of the marina minimises 
potential environmental impacts, for example, by the provision made for ballast water, sewage 
and grey water disposal facilities for boats, the disposal and/or reuse by irrigation of sewage 
effluent and the incorporation of water sensitive urban design measures.   
 
For the long-term operation of the facilities it is understood that an Operational Environmental 
Management Plan (OEMP) is required, in order to: 
 
• ensure high standards of operation and maintenance of necessary infrastructure 

(stormwater, bunding, etc); 
 
• ensure that environmental protection remains an ongoing primary management objective 

by marina operators; 
 
• include actions within the plan such as an oil spill response plan, and ensure that 

equipment is on hand and that future operators are familiar with the response plan; 
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• ensure that standards of environmental management do not decline with the passage of 
time, by including periodic reporting at a frequency to be determined by the EPA (possibly 
every two years); and 

 
• ensure that appropriate actions are taken to maintain infrastructure and any actions are 

taken as necessary if monitoring (e.g. water quality) indicates a problem is developing. 
 
The main elements of an ongoing OEMP are outlined in the following sections. 
 

10.6.1 Infrastructure Maintenance 
 

General ongoing marina management for waste water and rubbish have already been 
outlined: 

 
• Section 6.23 – Sewage Treatment and Rubbish Collection for Commercial and 

Recreational Boats 
 

• Section 6.24 – Waste (rubbish) Management – domestic and tourist 
 

• Section 6.25 – Management of Black and Grey Water 
 
 Other items documented in an ongoing OEMP would include: 
 

• Inspection of GPTs after rainfall events and removal, as necessary, of accumulated 
materials. 

 
• Annual inspection of the detention basins to determine the rate of accumulation of 

material, with removal as necessary to maintain adequate hydraulic capacity. 
 

• Annual inspection of all bunds to ensure that they remain functional. 
 

• Annual inspection of all other infrastructure, including pipework for pump out facilities 
for boats, to ensure early detection of any developing leaks. 

 
• Annual inspection of all structures, stormwater system, etc. 

 
10.6.2 Spill Contingency Plan (Oils and Sewage Leaks) 

 
 An oil spill contingency plan would be prepared which would define: 
 

• Response strategies in the event of a spill. 
 

• Containment procedures. 
 

• Clean up procedures. 
 
 The plan would be developed in consultation with the EPA and Transport SA.  Personnel 

would be trained in its use.  The plan would also outline: 
 

• Emergency contacts 
 

• Reporting requirements 
 

• Post-spill monitoring 
 
 Council is also an active participant in oil spill response training that is held regularly at 

the Thevenard Port.  A wide range of clean-up systems and materials are maintained at 
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the facility, which can be called on in the unlikely event of a spill.  The Ceduna SES unit 
has a marine response unit who also participate in the oil spill response training. 

 
 With regard to sewage leaks, it is important to note that Council would be ensuring that 

design and construction standards of all sewerage collection and pumping systems allow 
for: 

 
• Sufficient storage times to allow for back-up operation procedures to be put in place 

to prevent any chance of overflows. 
 

• Dual pump systems are installed at each site. 
 

• Telephone dialler/pagers are installed to ensure operators are aware of any station 
faults. 

 
• External power sockets are fitted to allow for the operation of the pump station 

utilising council’s portable generating set during times of extended power disruption. 
 

10.6.3 Floating Rubbish/Debris 
 
 The marina structures and waterways would require regular cleaning, to remove floating 

debris (seaweed debris) and any rubbish (bottles, containers, etc.).  This would be 
identified as part of a regular schedule of activities. 

 
10.6.4 Vessel Speed Control 

 
Signage would be erected around the waterways, advising of boat speed limits.  This is 
necessary to avoid sediment resuspension and damage to banks from boat wash.   
 
Speed controls, generally limited to 5 knots, would be enforced by the Marina Manager, 
and according to Harbours and Navigation Act, 1993. 
 
Further details in this respect are provided within Section 11 of this report and would be 
reinforced via the use of the Management, Maintenance and Monitoring Agreement.  

 
10.6.5 Terrestrial Weed Control 

 
As outlined earlier, weed management would be an important objective of: 
 
• The Construction Environmental Management Plan (refer Section 10.3.7) 

 
• The detailed landscaping plan prepared for the project.  This would require a weed 

management plan for the establishment and maintenance period (probably to three 
years)  

 
• The ongoing management of the project 

 
It is intended that there also be controls on the species used by individuals in gardens, to 
ensure inappropriate species are not introduced.  This would be achieved via the Land 
Management Agreement and education of the community.   

 
10.6.6 Marine Pest Plants and Animals 

 
It is recognised that the proposed marina presents a risk of marine pest introduction as a 
result of: 
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• Construction activities – marine pests could be transported by equipment used in the 
marina excavation or offshore channel excavation, if the equipment used has 
previously been in areas where pests are present. 

 
• Vessels bringing in marine pests – visiting vessels or vessels based at the marina 

but which have been at other infected locations are major vectors. 
 
Initially, the marina, following construction, will be colonised by species from adjacent 
areas, particularly the more opportunistic species.  This is part of the natural colonisation 
process.  This was observed at Lincoln Cove Marina, as described above.  Introduction of 
marine pests during this early period may favour a more rapid spread of the organism 
within the marina waterways. 
 
In addition to whatever measures can be taken to minimise risk, early detection of any 
introduction provides the best opportunity for eradication, before the pest spreads to 
surrounding waters, or is transported to other facilities. 
 
It is proposed to undertake the following: 
 
• for the first 5 years, an annual inspection will be undertaken of the marina 

waterways/structures by qualified personnel (probably PIRSA personnel); 
• after 5 years, subject to advice and recommendation from PIRSA, it is likely that 

inspections will be undertaken every 2 years; 
• all equipment brought to site will be cleaned before use; 
• an awareness campaign will be developed for new residents of the marina, boat 

owners and the fishing/aquaculture industry, which may include distributing 
information in the form of pamphlets with photographs of species of concern, 
signage, etc; 

• controls/advice on aquarium species; and 
• keeping a register of boat movements.  This will be a task for the marina manager. 
 
Boat hull cleaning will not occur at the marina.  Facilities are being provided at Thevenard 
for this purpose.  This is not within the responsibility of the marina operators, but it would 
be appropriate that safeguards are incorporated into the hull cleaning operations. 

 
10.6.7 Maintenance Dredging 

 
As there appears to be little sand movement in this part of Murat Bay it is anticipated that 
maintenance dredging of the channel would be an infrequent requirement.   
 
For future maintenance dredging the most suitable methods and disposal of excavation 
material would be discussed at the time with the Coastal Protection Board and the 
relevant Agencies.  
 
At this stage the likely frequency is unknown.  Further geotechnical work is still to be done 
to define the nature of substrate materials.  
 
It is to be noted that there have been numerous studies of the environmental effects of 
maintenance dredging activities, including in South Australia, interstate and overseas.  
Invariably these indicate in similar situations the effects on bottom communities and water 
quality is localised and transitory. In this instance it is also very unlikely that this would 
disturb contaminated sediments. 
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10.6.8 Management and Reporting 
 
 The CEMP would clearly identify: 
 

• Individuals and their responsibilities (including contact details). 
 

• Emergency contacts. 
 

• Training procedures for new personnel. 
 

• Reporting schedule to the EPA (assume every 2 years at this stage) and reporting 
formats. 

 
• Data from the water monitoring programme (probably monthly sampling) would be 

regularly reviewed.  The EMP would outline procedures for providing these data to 
the EPA, and response procedures in the event that monitoring data indicates a 
potential problem. 
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11. MANAGEMENT MAINTENANCE MONITORING  
 
 11.1 MMM Agreement 
 

As identified earlier within this statement, there would be a need to prepare and enter into a 
Management Maintenance and Monitoring (MMM) Agreement between the Proponent and the 
District Council of Ceduna.  This agreement is to be drafted and executed prior to the 
implementation of the development and would clearly identify the respective roles and 
responsibilities of parties in respect to the implementation and operation of the development,  
 
This MMM Agreement would reinforce many of the requirements already set out in the Land 
Management Agreement together with the construction and operational requirements to be 
articulated within the Environmental Management Plan as discussed in the previous section.  
The MMM Agreement would also set out transfer of roles and responsibilities from the Proponent 
to the Council over the life of the development further to the Development Agreement. 
 
As the MMM Agreement would need to have regard to various technical and performance 
measures that would be developed and agreed between parties to the agreement, there would 
be need to finalise this document once engineering designs and implementation plans have 
been completed.  Additional work would be required following approval in order to draft and 
settle this document.  Nonetheless, the key subjects and desired outcomes are identified below. 
 
11.2 Waterway Depths & Maintenance  

 
The agreement would set out that the channel is to be constructed so as to achieve a minimum 
navigable depth of – 4.5 metres AHD at the practical completion of the development.  The 
construction and maintenance of the channel to this required depth would be the responsibility of 
the Proponent for a specified period.  
 
Should this require additional works and maintenance than that associated with construction 
such would be at the expense of the Proponent, with Council being able to require such work 
within a nominated period.  This would ensure that waterways continue to be safe and navigable 
by vessels visiting or moored within the marina.   
 
Should the waterways fall below the required standard, and the Proponent not undertake the 
required works within the specified time period then Council may undertake the works with the 
expense recoverable from the Proponent.  The exact mechanism for such recovery is yet to be 
determined. 
 
The agreement will also address the ongoing responsibility of Council in respect to the repair and 
maintenance of revetment walls and breakwaters over time, acknowledging that individual 
property owners have the initial responsibility to maintain and repair revetment walls.  Council 
would however be ultimately responsible for this task with powers to recover costs from 
individual property owners that fail to meet their responsibilities in this regard.  

 
11.3 Water Quality & Marine Organisms 

 
The Proponent would be required by the agreement to establish and implement a water quality 
regime so as to avoid harm to the marine environment.  As described earlier within this report, 
this water quality program would not only be undertaken within the waterways but also external 
to the development within the wider Murat Bay area.  
 
This water quality monitoring and testing program would also assist in the early detection of pest 
plant and marine organisms.  Early detection would enable prompt response in accordance with 
the standard operating procedures to be set out within the MMM Agreement and thereby avoid 
environmental harm.  
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As with maintenance of the waterways, there would be a requirement for the Proponent to 
undertake such testing, and if in the event that such ceases to occur, then Council may assume 
the role and thereafter seek to recover expenses from the Proponent.  Following a specified 
period of time the responsibility would transfer from the Proponent to Council.   

 
11.4 Safe Navigation 

 
The MMM Agreement would set out the requirement for the provision of appropriate navigational 
aids and other devices required to be installed within the area so as to enable vessels to safely 
navigate the waterway reserve.  The Proponent would be required to provide Council with 
specifications and plans designating the location of such devices. 
 
These devices are then to be installed according to the direction of Transport SA (Marine 
Operations Branch) and to the reasonable satisfaction of the Council, and would be at the 
Proponent’s expense.  The maintenance of these devices within a nominated period would also 
be the Proponent’s responsibility. 
 
Thereafter the Council would be responsible for the up keep and replacement of these devices 
as required in order to maintain safe navigation by vessels.  This agreement would also clearly 
point out that Transport SA is not responsible for the costs associated with such devices or liable 
for any loss arising as a result of these devices. 

 
11.5 Activities within Marina 

 
As set out in the LMA, the Proponent would establish a Community Corporation under the 
provisions of the Community Titles Act 1996 in respect to marina berths and associated facilities, 
with By Laws prepared under this Plan of Community Division that would reinforce the operation 
and management requirements in respect to the use of these berths.  
 
The construction, management and maintenance of these berths would be the responsibility of 
the Proponent for the initial period identified within the agreement and thereafter the Community 
Corporation, to which Council would be a party and have ongoing management and decision 
making powers according to the By Laws. 
 
The construction of the marina berths and associated facilities are to be in accordance with 
Australian Standard 3962-1991 – guidelines for the Design of Marinas and other technical guides 
as specified.  The Proponent would also ensure that appropriate quality control procedures are in 
place as part of the construction and commissioning of the development. 
 
The Council would be required to appoint an officer of the council to be the Marina Manager of 
the facilities who would have responsibility for the care and control and management of the 
waterways and other facilities within the development particularly in respect to safe navigation 
and public safety and would enforce the Bylaws made by the Community Corporation. 
 
The agreement would set out a requirement for the Proponent to contribute to the costs 
associated with the appointment of the Marina Manager to an agreed percentage split.  The 
Proponent would also be required to develop a procedure and response action plan to manage 
spillages and pollutants which enter the waterways and the remediation of the waterways 
affected. 
 
The Marina Manager would be responsible for reporting any spills or incidents that present an 
environmental risk to the appropriate authorities including Council and the Environment Protection 
Authority.  The Marina Manager would also be responsible for the deployment of any immediate 
clean up measures and procedures including booms and other containment measures. 
 
A range of other general and mores specific environmental reporting, monitoring, response and 
management responsibilities would be identified within the MMM Agreement, many of which  
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would be the immediate responsibility of the Marina Manager to implement, so to satisfy the 
General Environmental Duty of Care under the Environment Protection Act 1993. 

   
11.6 Recreational Berths 

 
The recreational marina berths and the waterways associated with the marina would be subject 
to conditions of use that would be reflected in the By Laws under the Plan of Community 
Division, the LMA and Council By Laws should they be required.  In summary these 
requirements would be as follows: 
 

• Only recreational vessels would be able to use the designed marina berths with all 
commercial vessels to be moored within the designed area for this purpose; 

 
• Vessels are to be secured at all times when not in use; 
 

• No major repairs to vessels are to occur in the Marina facility with any minor repairs to be 
undertaken with the consent of the Marina Manager; 

 
• Sunken vessels are to be promptly removed; 
 

• No refuse, pollutants or other materials are to be dumped or otherwise disposed of in the 
water of the marina facility; 

 
• A register of ownership of vessels to be kept by the marina manager;  
 

• The Marina Manager must ensure that any foreign vessels and its occupants and contents 
which enter the marina has been granted the necessary approvals by government authorities 
and agencies to be present in SA Coastal waters; and 

 
• Noise levels are to be within guidelines acceptable to the Council. 

  
11.7 Commercial Berths 

 
The MMM would specify a minimum number of commercial berths that would be made available 
to fishing and aquaculture operations.  In addition to the initial consideration for the purchase of 
tenure, the MMM Agreement would clearly establish that Council may levy a rate from these 
commercial berths.  Such a rate would assist in the management and maintenance of this 
facility. 
 
Full engineering and as constructed plans, including cross sections, are to be provided to 
Council for the commercial marina berths together with a quality plan and controls to ensure that 
they are constructed to appropriate standards and technical guides.  The Agreement would also 
outline the requirement for final inspection at the time of practical completion.  
 
As with the Recreational Berths, the Proponent would ensure that the occupiers of the 
commercial berths: 
 

• Allow only commercial vessels to be moored at the berths; 

• Not allow any other vessel to enter the area of the commercial berths; 

• Ensure every vessel is properly secured at all times; 

• Ensure no repairs to commercial vessels occurs, (except minor repairs); 

• Ensure sunken vessels are promptly removed; 

• Ensure noise levels are able to be within guidelines in the Corporation’s Bylaws and 
acceptable to the Council; 
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• Ensure no refuse, pollutants or other materials are dumped or otherwise disposed of, 
in the waters surrounding the commercial berths; 

• Immediately take such action to remove such materials, which enter the waters or 
otherwise remediate the waters as directed by and to the reasonable satisfaction of 
the Manager, Council or relevant government agency. 

 
Provision would be made to enable the Proponent or the Council to seek the occupiers of the 
commercial berths to remedy any default of breach of this Agreement and if not complied within 
a specified period of time would provide the power for Council to take action with the ability to 
recover costs. 
 
The Agreement would also require the Project to develop and implement a procedure and policy 
to the satisfaction of all relevant authorities and the Council for the management of spillages and 
pollutants which enter the waterways and remediation of the waterways affected thereby, and 
fire. 

The agreement would also seek to ensure safe navigation and use of the commercial berths in 
accordance with the provisions of the Harbours and Navigation Act, 1993.   

In the event that any owner, occupier or user of a commercial berth pollutes or otherwise harms 
the environment of the area near of adjacent to the commercial berths, the agreement would 
require the Proponent to immediately make a report to Council and any other relevant authority.   

If in the event that any owner, occupier or user of the commercial berths pollutes or otherwise 
harms the environment of the area or adjacent to the commercial berths, they must compensate 
any or all persons who have suffered damage as a result of the pollution or any other harm. 

 
11.8 Waste Management 

 
The Proponent must as part of the establishment of the Marina prepare and implement a Waste 
Management Plan for the marina in accordance with the current code of practice for commercial 
users of Transport SA and Marine facilities published by the Government of South Australia, and 
the Best Practice Guidelines for Waste Reception Facilities at Ports and Marina Boat Harbours in 
Australia and New Zealand published jointly by the Australia and New Zealand Environment and 
Conservation Council and the Australian Transport Council. 

 
11.9 Refuelling 

 
The Agreement would set out the requirement for the Proponent to construct the Boat Refuelling 
Facility in consultation with Council in relation to the types of facilities that are to be constructed 
within the Boat Refuelling Facility.   

Detailed design plans and cross-sections of the facility proposed to be constructed would be 
provided, together with assurance that the construction of the Boat Refuelling Facility complies 
with the relevant Australian Standard and technical guides. 

The Proponent would be required to ensure that the appropriate quality controls are in place in 
the construction of the Boat Refuelling Facility and must notify the Council of the progress of the 
works from time to time and the expected date of the completion of the Boat Refuelling Facility 
one month prior to the practical completion of the Boat Refuelling Facility.  The Proponent would 
be required to remedy any defects (includes latent defects) that are, or become, evident in the 
construction of the Boat Refuelling Facility. 

The Proponent must ensure safe navigation and use of the Boat Refuelling Facility in 
accordance with the provisions of the Harbours and Navigation Act, 1993. 
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11.10 Marine Toilet Pump Out Facility 

A Marine Toilet Pump-Out/Treatment Facility would be available for use by the operation of any 
vessel. 

The Proponent would be required to consult with the Council, the EPA and the South Australian 
Health Commission and meet the requirements of those organizations with respect to the 
connection of this facility to the existing effluent disposal system for the town of Ceduna. 

The Proponent must provide to the Council detailed design plans and cross-section of the facility 
proposed to be constructed, and must ensure the construction of the Marine Toilet Pump-
out/Treatment Facility complies with the relevant Australian Standard and technical guides. 
Appropriate quality controls are to be put in place under the agreement in the construction and 
operation of the Marine Toilet Pump-out/Treatment Facility. 

The Council would assume responsibility for the Marine Toilet Pump Out Facility/Treatment 
following a specified period of time after the date of the practical completion of the Development 
provided that the Proponent has remedied any defects. 

 
11.11 Practical Completion, Hand Over & Defects & Liability Period 

 
In terms of the construction of the marina facility, the Proponent would have a responsibility to 
provide regular updates to the Council as to the progress of construction and at least one month 
prior to practical completion provide Council for a formal advice of such.   
 
A Defects and Liability period of a specified time is to be negotiated during which any faults 
would be the responsibility of the Proponent for repair or replacement to the satisfaction of the 
Council.  
 
The Proponent would be responsible during the nominated period and the Council thereafter for 
capital upgrade, maintenance, repair and cleansing of the edge treatments of the marina 
waterways and other infrastructure within the marina facility.  A suitable income stream would be 
derived by a percentage of rates generated from this facility.   
 
As part of the land division process, land will be assigned and transferred to Council for the 
purposes of roads, stormwater and reserves (including noise buffer mounds).  Easements will 
also be identified and provided in favour of ETSA utilities and SA Water for the purposes of 
electrical supply, water supply and sewer.  
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12. GOVERNMENT LEGISLATION AND POLICY 
 
 12.1 Commonwealth Environment Protection Act 
 

The Environment Protection & Biodiversity Conservation Act 1999 (EPBC Act) protects matters of 
national environmental significance and Commonwealth land. The benefits of the Act includes; 
stronger protection for the environment, more consistent national environmental standards, a 
more efficient and timely environmental assessment and approval process; and a reduction in 
intergovernmental duplication. 
 
There are seven matters of national environmental significance that are triggers for 
Commonwealth assessment and approval. These are; 
 
• World Heritage properties 

 
• National Heritage places 

 
• Wetlands which are lister as Ramsar Wetlands of international importance 

 
• Nationally threatened species and communities which are listed under the EPBC Act 

 
• Migratory species that are listed under the EPBC Act  

 
• Commonwealth Marine Areas 

 
• Nuclear Actions 

 
The Act also provides that: 
 
• A person must not take an action on Commonwealth land that has, would have or is likely to 

have a significant impact on the environment. 
 
• A person must not take an action outside Commonwealth land that has, would have or is 

likely to have a significant impact on the environment on Commonwealth land; 
 
• The Commonwealth (including a Commonwealth agency or corporation) must not take an 

action which has, would have or is likely to have a significant impact on the environment 
anywhere in the world 

 
 The Act provides that certain actions, which are likely to have a significant impact on a matter 

of national environmental significance are subject to a rigorous assessment and approval 
process. An action includes a project, development, undertaking or an activity or series of 
activities.  

 
Actions that may need approval under the Act involve some physical interaction with the 
environment. A project or development proposing to take an action that may have a significant 
impact on a matter of national environmental significance or on Commonwealth land, needs to 
be referred to the Commonwealth Environment Minister before the action is taken.  

 
 In June 2002 the District Council of Ceduna submitted an application to Environment Australia 

for decision whether or not approval was needed under Chapter 4 of the EPBC Act 1999. The 
referral was considered under the EPBC Act and it was decided that the action would not be a 
controlled action. Approval has therefore not been needed under Part 9 of the Act before the 
action can proceed. 
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12.2 State Strategic Plan 
 

The proposed development is considered to further the achievement of the following Objectives 
as articulated within the South Australia’s State Strategic Plan which seeks to create opportunity 
and achieve 79 key targets set out under six areas or topics. 
 
• growing prosperity 
• improving wellbeing  
• attaining sustainability  
• fostering creativity  
• building communities  
• expanding opportunity. 
 
The State Strategic Plan is an overarching document that is used by government to guide areas 
of endeavour including the application and administration of various strategies and statutory 
polices.  The emphasis is on achieving economic growth without compromising environmental 
quality.  The Plan reinforces the need for an integrated and cooperative approach to face the 
challenges and work on the solutions. The Plan's success depends upon the support and 
participation of all South Australians. 
 
The State Strategic Plan identifies the following Objectives and key points.  Key points of 
particular relevant to the proposed marina development are highlighted (my underlining) for 
consideration 
 
Objective 1: Growing Prosperity  
 
Our priority is sustained economic growth resulting in rising living standards, with all South 
Australians sharing in the benefits through more and better job opportunities and accessible, high 
quality services. 
 
• Sustained economic and jobs growth  
• Investment in education and skills  
• Reduced social and economic inequality  
• Enhanced quality of life  
• Increased productivity  
• Increased population  
• Sharing in future prosperity  
• Increased exports  
• Focus on innovation and R&D  
• Sound financial management  
• Adequate strategic infrastructure  
• Business climate that encourages investment  
• Partnerships between government, business and community  

 
 
Objective 2: Improving Wellbeing  
 
Our priorities are to focus on further improving our quality of life and the wellbeing of the 
community and individual citizens. The focus would be on being healthier and fitter, having less 
crime and feeling safer. The emphasis would be placed on preventative measures including 
education programs. 
 
• Meet new health challenges  
• Close the gap in our living standards  
• Have protective policies for children  
• Address the challenge of an ageing population  
• Meet community expectations of healthcare  
• Maintain lifestyle quality  
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• Improve the safety of South Australians  
• Be vigilant against terrorism  

 
Objective 3: Attaining Sustainability  
 
Our priority is to make South Australia world-renowned for being clean, green and sustainable. 
This would boost community wellbeing, safeguard future generations and contribute to our State's 
prosperity. The focus would be on protecting our biodiversity, securing sustainable water and 
energy supplies, and minimising waste. 

 
• Foster a culture of sustainability  
• Raise environmental profile globally  
• Seek creative solutions to environmental issues  
• Reinforce our ‘clean and green' image for food and wine exports  
• Meet the challenges of water management – especially the River Murray  
• Stimulate growth of environmental business  
• Show national leadership in environmental management  

 
Objective 4: Fostering Creativity 
 
Our priority is to reinforce South Australia as a place that thrives on creativity and innovation. This 
capacity to do things differently will be one of the keys to achieving all of our objectives. The 
focus will be on fostering a culture of creativity, on developing creative, innovative and 
enterprising people, on investing in science and research, and in innovation infrastructure, and on 
converting ideas into practise. 
 
• Build on our creative heritage  
• Foster a culture of creativity - vital for economic growth  
• Encourage innovation, which will drive productivity growth and create new jobs  
• Apply science and technology to boost innovation  
• Encourage creativity and enterprise in our young people  
• Support creativity with commercial reality  

 
Objective 5: Building Communities 
 
Our priority is to develop South Australia as a place in which people care for each other and 
contribute to their communities. This will enhance our peace, pride and prosperity and build 
"social capital". It will also attract new migrants, visitors and investors who bring skills, resources 
and ideas. The focus will be on improving trust, increasing involvement in voluntary activities, 
building strong community networks, and increasing participation in democratic processes. 
 
• Community and citizenship inspired by our progressive past  
• Foster and harness the benefits of social networks  
• Enrich the community through volunteer groups and activities  
• Strengthen regional communities in health, education and infrastructure  
• Ensure equality of opportunity in access to services  
• Attract people who wish to contribute to the State community  
 
Objective 6: Expanding opportunity 
 
Our priority is to ensure all South Australians are able to create and use opportunities that build 
on their talents. Restoring the State's leadership in education is fundamental, with a focus on 
establishing the foundations in early childhood and building the basic skills in primary school. 
Another priority is retaining our senior students at school so they can confidently make the 
transition to further education, work and community life. 
 
• Education is the key to State growth  
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• Ensure parents remain confident in education system  
• Retain our brightest and best students in South Australia  
• Improve Aboriginal wellbeing  
• Re-build confidence and self-esteem in disadvantaged people  
• Support regions through effective partnerships  
• Ensure an integrated approach across agencies  
• Improve access to health care, education and affordable housing 

 
 12.3 Planning Strategy for Regional South Australia 

 
The proposed development has been considered in context with the Planning Strategy for 
Regional South Australia, with those provisions relevant identified in Appendix D for which a 
commentary has been provided.  
 
In summary the proposed development is anticipated to further many of the identified strategies 
for the State and the region more particularly, including a range of social and economic outcomes 
that may otherwise not be achieved.  
 
12.4 Development Plan 

 
The subject land is located partly in the Rural Living Zone, the Recreation Zone and the Coastal 
Zone of the Ceduna (DC) Development Plan.  
 
The land is also within Policy Area 17 – Ceduna North as indicated on Maps Ced/33 and 34, and 
within Policy Area 21 – Tourist Use as indicated on Map Ced/34.  
 
The provisions of the Ceduna (DC) Development Plan are considered relevant in the 
consideration of this proposal are provided an commented on in Appendix E.   
 

 12.5 Proposed Amendments to Development Plan 
 

The District Council of Ceduna has commenced the preparation of a draft Plan Amendment 
Report in order to amend the Ceduna (DC) Development Plan in a manner that would provide a 
clear policy framework within which to assess subsequent components of the development as it is 
implemented.   
 
It should be noted that the Major Development process would only apply to major earthworks, the 
excavation and formation of the land for the allotments, installation of marina structures, road 
works and land division.  Approval for buildings related to residential and commercial and tourist 
components would be provided by the Council in accord with the relevant provisions of the 
Development Plan. 
 
The following issues will be addressed in the draft Plan Amendment Report as outlined in the 
Statement of Intent that has been submitted to the Minister for Urban Development & Planning. 
 
• On the basis of the ‘Major Development’ being authorised and effectively establishing a 

‘master plan’ for the further development of this land, appropriate policies are required to be 
included in the Development Plan so as to guide future development including residential 
dwellings, commercial and service uses, a community centre, recreation and tourist 
accommodation, etc. 

 
• The ‘Major Development’ process can approve the major components of the development 

including the breakwater, sheltered waterways, marina berths and related facilities, land for 
residential dwellings and the supporting road network, infrastructure services and major 
engineering structures including the realignment of the Eyre Highway. 
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• As this development would be implemented in a number of stages over a period of time that 
would be influenced to a large extent by commercial decision including take up rate of 
residential land opportunities, there is a need to ensure that these stages and the various 
components within are undertaken in a manner consistent with orderly and proper planning. 

 
• Policies would be introduced to address a range of development issues including the 

appropriate use of land and management of potential conflicts, the scale and intensity of 
future development in particularly in relation to commercial, tourist accommodation, 
entertainment and recreational facilities, together with policies that address built form, site 
planning and appearance. 

 
• The ultimate success of this marina development would be based on adherence to the 

‘master plan’ in terms of the layout and arrangement of key uses and the achievement of a 
desired future character via building types and designs together with other urban design 
considerations such as set backs, fencing, landscaping, and streetscape improvements. 

 
• Any approval granted under the ‘Major Development’ process would go only so far in order 

to achieve this desired result.  Current Development Plan policies are either silent or provide 
very little guidance as to how such a form of urban development should be implemented.  
There is a need for a suite of policies contained within a discrete zone or policy area that 
relate to the development.  

 
• Specifically with regard to built form, policies are required that provide guidance to the form 

and appearance of dwellings within the marina addressing such matters as height, character 
and style, set backs, privacy, shadow, open space and amenity, together with car parking 
and access.  There is also a need to ensure that boat mooring points are appropriately 
designed and constructed. 

 
• In respect to marina related development there is a need to introduce policies that would 

guide the design and assessment of buildings adjacent the marina berths in terms of use, 
built form and appearance, access for larger vehicles and the maintenance/servicing of 
vessels, together with policies that seek to manage the potential impacts arising from 
commercial uses towards residential.  

 
• As provision has been made for tourist accommodation facilities and other related uses 

including limited retail opportunity, there is a need to clearly articulate the desired outcome in 
terms of the scale and intensity of such developments, including possibly floor area 
thresholds to ensure that retail activity within the marina development does not detrimentally 
impact on the commercial viability of existing business within the township.  

 
• Policies are also required in order to ensure that the development integrates with adjoining 

uses including the golf course and that development maximizes the advantages that such 
offers while minimizing potential impacts and incompatibility.  In particular policies that 
require landscape buffers and screening to features such as the railway line and the Eyre 
Highway are considered necessary.  

 
• Policies are required within the Development Plan that provide a structure plan or concept 

plan that indicates the desired staging of development and the manner in which land 
division, with appropriate infrastructure services and roads, should be implemented.  
Minimum allotment sizes, width and depths are considered necessary in order to achieve an 
orderly and economic development outcome.  

 
• Finally, and most importantly, environmental impact and ongoing management issues 

identified as a result of the EIS process may be addressed and responded to in the draft 
PAR when preparing an overall policy framework for the future development of this land that 
would not only address built form issues, but may also address the monitoring and 
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management of impacts on natural systems such as sand movement and the health of 
marine life in the marina site and Murat Bay.      

 
• It is acknowledged that portion of the study area falls outside of the current municipal 

boundary of the District Council of Ceduna.  It is intended to undertake a boundary 
realignment as provided for under Section 9 and 11 of the Local Government Act 1999.  
Council will work with the Boundary Adjustment Facilitation Panel in order to achieve this 
boundary alignment.   

 
The following investigations will be undertaken in the preparation of the draft Plan Amendment 
Report. 

 
• Review of Major Development  
 
A review of the Major Development process and the approval granted for the development will be 
undertaken in order to determine the base or start point for the preparation of planning policy to 
guide the future development of this project.  This will include reviewing any conditions appended 
to the approval together with regard being given to the approved plans and supporting 
documentation.   
 
• Review of EIS and Assessment Report – Environmental Considerations 
 
A key consideration of the Major Development process is the preparation and response to the 
Environmental Impact Statement and the preparation by the Government of an Assessment 
Report in terms of findings and conclusions, including any ongoing monitoring or management 
requirements so as to ensure the ongoing health of the natural environment and the continued 
efficient function of the development, i.e. sand movement and weed growth. 
  
The findings of the EIS and Assessment Report would be worked into the PAR document and 
transposed into appropriate policy for inclusion within the Development Plan that provide 
guidance and key requirements in terms of the manner in which the overall development should 
be implemented. Specific provisions may be drafted that would require adherence to this 
document and implementation of requirements.    
 
• Review of Development Plan  
 
A comprehensive review of the Development Plan would be undertaken in terms of the 
implications of existing policy in relation to the proposed development. This process would be 
undertaken concurrent with the General PAR being undertaken by Council over the coming 
months. An inventory of provisions would be provided with any apparent inconsistencies or 
conflict identified and discussed with a view to undertaking an amendment if necessary. As the 
development site extends into land (or water) that is subject to the Land Not Within A Council 
(Coastal Waters) Development Plan, the relevant provisions of this document would need to be 
reviewed and amended as appropriate in order to provide a clearer path for the marina 
development. 
 
• Review of Related Policy 
 
Together with those policies contained within the Land Not Within A Council (Coastal Waters) 
Development Plan, the adjoining Development Plans for Streaky Bay and Land Not Within A 
Council Area (Eyre) Development Plan would be reviewed in detail to ensure consistency and 
identify any apparent conflicts that may frustrate the achievement of the marina development.  
Regard is also to be given to current initiatives of Planning SA in respect to Planning Bulletins, 
Design Guides and any impending policy contained within Ministerial PARs. 
 
• Land and Housing Supply/Demand 
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While the business case for the marina development has been clearly outlined within the 
Business Plan commissioned by Council, this PAR would provide an opportunity for a more 
comprehensive land supply and demand analysis to be undertake in order to more particularly 
guide the formulation of planning policy that would guide the staged realise and development of 
residential land having regard to current and predicted market conditions.  
 
• Retail & Commercial Capacity 
 
Some concern has been raised by the proprietors of business within the existing business district 
of Ceduna in respect to the nature and scale of commercial, in particular retail uses, anticipated 
within the marina development.  
 
In response to this issue Council has resolved to ensure that appropriate thresholds are put in 
place so as to ensure that any new retail or commercial development to occur within the marina 
development would not have a deleterious affect on existing business within the township.  The 
emphasis should be on providing convenience goods and services to residents and visitors to the 
marina development.   
 
An analysis of existing retail floor area and the demand for goods and services would be 
undertaken for the Ceduna township and the surrounding region, including the demand likely to 
be generated by increased tourism activity  
 
• Industry Needs Analysis  
 
As the proposed marina development is to service commercial vessels involved in both the 
fishing and the aquaculture industry, it is appropriate to consider the opportunities and constraints 
that the marina development presents in terms of providing shore based facilities immediately 
adjacent these marina berths but also in terms of access to industrial land nearby.  The benefits 
and costs associated with these opportunities and constraints would be more particularly 
explored and articulated together with appropriate policy being prepared for inclusion within the 
Development Plan that would ensure amenity and desired future character issues are 
appropriately addressed.  
 
• Transport & Movement 
 
As part of the planning for the ‘Major Development’ application issues associated with access 
from the Eyre Highway were identified together with a need to ensure that heavy vehicle 
movement is not compromised. Further discussions with Transport SA would need to be provided 
to ensure that appropriate policy is put in place to ensure that road works are undertaken 
according to the requirements of Transport SA and in a manner consistent with the desired future 
character and function of the development.  
 
The PAR provides an opportunity for a structure plan or concept plan to be prepared that would 
enable the road network and hierarchy to be confirmed and represented within the Development 
Plan in order to guide the various stages of the development over the coming years.   
 
Critical is the need to minimize direct access to the Eyre Highway and still achieve a degree of 
permeability through the development. Together with vehicle movement pedestrian and cycle 
movements may be represented on a concept or movement plan that may coincide with key 
areas of open space and recreation.  
 
• Urban Form & Character 
 
The PAR provides an opportunity to represent the overall master plan for the marina development 
within the Development Plan in the form of a Concept or Structure Plan. This would ensure that 
the desired urban form and character is achieved through the various stages of the development.  
Such a plan would enable the Council as the relevant planning authority for subsequent stages, 
to ensure that approaches for significant changes may be assessed by the Development 
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Assessment Commission in an objective and structured manner according to the original concept 
and development objectives.  
 
• Residential Design & Land Division 
 
While the Major Development process does seek to address specific issues of residential design 
and land division, the PAR is a further opportunity by which to introduce appropriate policies 
within the Development Plan to guide future residential development in a manner that would 
assist in the achievement of desired future character.   
 
In particular the maximum height of buildings should be addressed, site coverage, set backs, 
design and appearance, amenity in terms of privacy and shadowing, can be addressed via the 
Development Plan.  So too, the ability for further division of land should be addressed within the 
Development Plan so as to provide Council with a clear basis upon which to assess such 
applications in the future.  
 
• Physical Infrastructure 
 
The provisions and arrangement of physical infrastructure including water, electrical power, and 
sewer can be addressed within the PAR so that appropriate policy is introduced within the 
Development Plan to ensure that such infrastructure can and is provided to subsequent stages of 
the development according to the capacity and availability of these services.  Further research 
and investigations would be undertaken in conjunction with service providers including SA Water 
and ETSA Utilities. 
 
• Open Space & Recreational Needs 
 
As the proposed marina development adjoins the existing golf course such presents a significant 
opportunity to provide access top open space and address the recreational needs of future 
residents and visitors to the development.  Further consideration would be given as part of the 
PAR process to ensure that these opportunities can be realized as part of the ultimate 
development of this site.   
 
• Community Facilities 
 
Further investigations would be undertaken in respect to the needs of the community in respect to 
the types of activities and services that should be accommodated within the proposed community 
centre that is a key deliverable as part of this marina development.  Investigations would also be 
undertaken to ensure that a range of compatible and complementary uses and activities are 
considered for inclusion to achieve desired economies of scale. 
 
 
• Natural & Cultural Heritage 
 
While these issues would have been addressed to a comprehensive extent as part of the Major 
Development process, it is considered appropriate to articulate the findings of this research within 
the PAR document and introduce policies that provide due recognition of the natural and cultural 
heritage issues, in particular aboriginal heritage and former use of the land in this locality together 
with the need to ensure that protocols are followed when undertaking subsequent stages of the 
development.  
 
• Tourism & Demand for Facilities 
 
Further investigations would be undertaken in conjunction with Tourism SA and the Eyre 
Regional Development Board to further quantity and respond to the economic opportunities that 
tourism would generate as a result of the new marina development.  
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In particular, further work would need to be done in respect to the type and style of 
accommodation that should be provided together with the nature of facilities and activities that 
tourists seek from such a destination.  Appropriate polices may then be drafted to respond to 
these opportunities. 
 
• Landscape & Vegetation 
 
While landscape and vegetation issues would have been addressed as part of the Major 
Development process, the Development Plan may be amended in order to introduce policies that 
require specific landscape and vegetation outcomes in so far as the land relates to the railway, 
the Eyre Highway and within local streets and collector roads.  In effect a landscape theme may 
be developed for inclusion within the Development Plan to further achieve a desired future 
character. 
 
• Stormwater Collection & Reuse 
 
Appropriate research needs to be undertaken to further establish the extent to which stormwater 
may be collected and reused as part of the proposed development for human consumption, i.e. 
roof water together with secondary use from water collected at ground level for the irrigation of 
landscaping and potentially washing and flushing of toilets.  Further work would need to be 
undertaken with SA Water, the SA Health Commission and Planning SA in this respect so as to 
achieve a viable and sustainable solution, which may then in turn be transposed into planning 
policy for inclusion within the Development Plan.    
 

 12.6 Environment Protection Act 
 

Section 25 of the Environment Protection Act 1993 outlines a general environmental duty of care 
in so far as: 
 
A person must not undertake an activity that pollutes, or might pollute, the environment unless the 
person takes all reasonable and practicable measures to prevent or minimise any resulting 
environmental harm 
 

 Schedule 1 of the Environment Protection Act identifies that the establishment of a marina is a 
prescribed activity of environmental significance for which a licence under Section 36 is required. 
 
Part 5 of the Act provides for a range of Environment Protection Policies within which may contain 
mandatory provisions that must be observed by activities such as the Environment Protection 
(Water Quality) Policy 2003.  Having regard to the guidelines under this policy the following 
matters are to be addressed by a marina proposal: 

 
• No waste shall be discharged into a marina from the land or from vessels. 
 
• Major stormwater and other land based discharges shall not discharge into the marina. 
 
• A marina should have an oil spill contingency plan to minimise the impact and provide for the 

adequate clean up of any oil/hydrocarbon fuel spillage 
 
• Boat maintenance, repair works, hull cleaning, painting and anti fouling may not occur within 

the marina 
 
• Bilge and ballast waters may not be discharged into the marina  
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12.7 Heritage Act 1993 & Historic Shipwrecks Act 1981 
 

The development site contains no identified heritage places of local or State significance.  
 

  
No shipwrecks or other relics protected by the Heritage Act are located within the study area as 
indicated on Figure 12.1. 
 
Should any unidentified objects be identified during construction that may have heritage 
significance appropriate contact would be made with the responsible Government department 
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Figure 12.1    Location of Historic Shipwrecks 
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12.8 Other Relevant Legislation  

 
In addition to the above statutes, there may be further requirements in respect to the following 
legislation as part of the construction and operation of the proposed marina development.   

 
Table 12.1 Other Relevant Legislation 

 
Legislation Element 
  
Community titles Act, 1996 Plan of Community Division, Tenure arrangements 
  
The Aboriginal Heritage Act, 1988 Under s 23 of the Aboriginal Heritage Act 1988 (“the 

act”), a person must not without the authority of the 
Minister for Aboriginal Affairs and Reconciliation, (“the 
Minister”) damage and disturb or interfere with any 
Aboriginal site or damage any Aboriginal object.  
Regardless of whether development approval has been 
granted (or is required), any activity that will damage, 
disturb, or interfere with an Aboriginal site or object must 
be first authorised by the Minister under s 23 of the Act. 

  
 While a search of the Register of Aboriginal Sites and 

Objects maintained by the Minister has identified a 
registered fish trap site, authorisation must be obtained 
from the Minister for any activity which will disturb this or 
any other site.  Authorisation to damage or disturb or 
interfere with any registered site can be applied for under 
s 23 of the Act.  If a reported site is likely to be damaged 
or disturbed, an application requiring determination under 
s 12 of the Act is required in the first instance.  The 
proponent may subsequently, if required, seek 
authorisation of the Minister to damage, disturb or 
interfere with a site under s 23 of the Act. 

  
 The Register does not purport to be a comprehensive 

record of all Aboriginal sites and objects in South 
Australia and sites and objects may well exist on the land 
in question, even though the Register does not identify 
them.  All Aboriginal sites and objects are protected 
under the Act regardless of whether they are listed in the 
Register.  It is appropriate therefore to emphasize that it 
is an offence under the Act of damage, disturb or 
interfere with any Aboriginal site or damage any 
Aboriginal object (registered or not) without the authority 
of the Minister. 

  
 Further the Act requires that any sites, objects or 

remains discovered on the land are to be reported to the 
Minister and that penalties apply for failure to comply 
with the Act. 

  
Construction Industry Training Funds 
Act 1993 

Payments in respect to the value of building work to be 
undertaken within the development towards the fund 

  
Crown Lands Act 1929 Freeholding and leasholding of Crown Land 
  
Dog & Cat Management Act 1995 The management of dogs and cats within the 

development 
  
Geographical Names Act 1991 In respect of the names of places  
  
Harbors and Navigation Act 1993 In respect to the safe navigation of the waterways and 

216



ENVIRONMENTAL IMPACT STATEMENT 

 

 
                                                                                                                                                                                                                                                                       

use of Murat Bay 
  
Highways Act 1993 In respect to the realignment of the Eyre highway 
  
Liquor Licensing Act 1997 In respect to possible future applications for liquor 

license within facilities to be constructed within the 
marina development. 

  
Local Government Act 1999 In respect to the governance and management of the 

study area by the Council. 
  
Native Vegetation Act 1991 In respect to native vegetation to the extent not excluded 

or exempted by the Development Act. 
  
Natural Resources Management Act Pest Plants, ground water, soil and erosion, etc 

 
 

Petroleum Products Regulation Act 
1995 

In respect to the sale and refuelling of vessels within the 
marina. 

  
Public & environmental Health Act 
1987 

In respect to the health and safety of the public within the 
study area 

  
Real Property Act 1886 In respect to the creation, sale and purchase of property 
  
Roads Opening & Closing Act 1991 In respect to the opening and closure of roads.  
  
Road Traffic Act, 1961 In respect to the use and management of roads within 

the development 
  
Sewerage Act, 1929 In respect to the provision and connection to sewer 
  
South Australian Health Commission 
Act 1976 

In respect to the treatment of sewerage 

  
Stamp Duties Act 1923 In respect to payments as a result of various purchases 

and transfers of money and property 
  
Zero Wastes SA Act 2004 In respect to waste management and resource recovery 
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   Economic 
 

Key Industry Sectors 
1 Expand export growth by identifying new export opportunities, increasing horticultural 

production and food processing capability and fostering new supply chains. 
 a. Assist food exporters to achieve better penetration of global markets. 
 b. Encourage new investment in agricultural businesses. 
 c. Promote development of quality regional brands, linked to locality, which identify strongly 

with the State’s ‘clean, green’ image. 
 d. Encourage clusters and networks of industry groups for greater cooperation and increased 

efficiency. 
 e. Encourage a range of housing types and tenures to meet the needs of people employed or 

seeking employment in regional areas. 
 f. Encourage the establishment of new fish processing and distribution facilities that assist 

efforts to maximise product distribution. 
 
The proposed development would assist in facilitating the continued growth of the 
aquaculture industry with the provision of, and opportunity for, land based facilities 
including mooring and related wharf facilities.   

  
 2 Align land use planning with regional economic development priorities for key industry 

sectors. 
  a. Provide for the location and land needs of key industry sectors by changing Development 

Plans to include performance-based policies based upon land capability assessment. 
  b. Introduce greater flexibility into rural zones to encourage the processing of local agricultural 

products, tourist accommodation and facilities and other forms of value adding through the 
use of performance-based policies.  
  

The proposed development is considered to be aligned with regional economic 
development priorities as will be set out further below when dealing with strategies for the 
Eyre Peninsula. 

 
 Aquaculture and Fishing 
 9 Encourage ecologically sustainable growth of the aquaculture industry while managing 

the resources on which the industry depends. 
  a. Encourage marine-based aquaculture in line with aquaculture management plans. 
  b. Identify sites for specific marine-based aquaculture and establish environmental capability 

for each area. 
  c. Ensure energy and other infrastructure is provided in a manner that meets the needs of the 

industry. 
  d. Promote the establishment and growth of land-based aquaculture industries where there is 

adequate water. 
  e. Manage effluent disposal from land-based aquaculture. 
 
 10  Encourage the development of land-based facilities and support services in support 

of the marine fishing and aquaculture industries. 
  a. Improve access between fish farms in open waters and related service area structures on 

land. 
 

The proposed development would further facilitate the continued growth of the 
aquaculture industry, in terms of providing land based facilities. 
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  Tourism 
  11 Encourage sustainable tourism development. 
   a. Ensure differentiation of areas based on their inherent strengths and attributes. 
   b. Undertake planning for tourism based on natural and cultural attributes, community values 

and market opportunities. 
   c. Establish a system to monitor the health of tourist destinations, which will enable appropriate 

management and policy responses. 
  
  12 Align land use planning with specialty tourism development priorities. 
   a. Facilitate small to medium tourism accommodation that is part of the natural and cultural 

experience of an area (eg bed and breakfasts, farm stays, backpacker lodges, 
guesthouses). 

   b. Facilitate the development of innovative and environmentally sensitive nature retreats in 
appropriate natural areas. 

   c. Facilitate the sustainable development of the State’s coastal and marine tourism potential 
including the development of marinas in appropriate locations. 

   d. Provide for flexibility in land use policy to enable the establishment of complementary uses 
that form part of a tourism experience. 

   e.  Encourage the restoration and commercial use of appropriate heritage assets for tourism. 
 
  13 Improve the appeal of destinations by encouraging the development of attractions. 
   a. Promote synergy between primary industries, tourism and local industries, particularly in 

areas where primary industries can benefit from a partnership with specialised tourism 
products. 

   b. Encourage festivals and events based on the natural or cultural attributes of an area. 
 
  14 Develop appropriate infrastructure and facilities for visitors. 
   a. Upgrade and maintain tourist roads and aerodromes that provide access to key locations. 
   b. Develop a variety of trails that link natural, landscape and cultural and recreational 

experiences. 
 
  15 Ensure the interpretation of features of interest and understanding of tourist attractions. 
   a. Integrate principal tourist attractions (such as scenic lookouts) into a network of touring and 

walking routes. 
   b. Encourage the development of appropriately located interpretative signs. 
   c. Upgrade visitor interpretive facilities in visitor arrival and departure sites. 
 

The tourist components of the proposed development are to be based on the strength 
and attributes of the district in terms of coastal access, sailing and enjoyment of the 
marine environment including off-shore islands.  Marinas are specifically anticipated 
within these strategies as a sought after holiday experience, so too the link between the 
aquaculture industry and tourism is considered to potentially generate mutually 
reinforcing outcomes. Ceduna also offers a range of existing events including festivals 
that enhance the experience of travellers. Another key component is the incorporation of 
interpretative and visitors centres, as proposed by the development.  

 
  Education and Training 
  23 Continue to develop linkages between schools, TAFE Institutes and private training 

providers, universities and industry in response to the needs of enterprises and the 
community. 

   a. Support the provision of high capacity, affordable and readily accessible broad-band 
telecommunications infrastructure for education and training. 

   b. Foster the sharing of some locations and the building of partnerships between sectors of 
education. 

 
  24 Improve the identification and provision of training to meet the skill needs of regions in 

terms of their enterprises, communities and individuals. 
   a. Continue programs aimed at targeting the training needs of small business. 
   b. Increase adult community education programs. 
   c. Increase opportunities for training and employment of Aboriginal people in the building 

industry. 
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  25 Provide education and training which results in direct employment outcomes in industry 
and the local community. 

   a.  Build regional skills bases by increasing the number of young people completing 
apprenticeships and traineeships. 

   b. Develop education and training programs that are informed by regional communities and 
tailored to meet their needs. 

   c. Increase access to post secondary and higher education. 
 

The proposed development would further many of these strategies in relation to 
education and training, particularly that linked with the aquaculture industry.  A key 
opportunity exists to promote Ceduna as a centre for the study and application of best 
practice in aquaculture, in particular intertidal shell fish such as oysters and scallops.  A 
development of the nature proposed would provide the necessary capital base to build 
upon in order to establish such educational and training facilities. 
 
The development also presents a significant opportunity in terms of increasing training 
and employment opportunities for local Aboriginal people in a wide range of areas as 
previously outlined in this report above when dealing with economic impacts. To this 
extent, the proposed development is considered consistent with the Planning Strategy. 
 

 Environment & Resources 
 
  Ecologically Sustainable Development 
  1 Promote ecologically sustainable development principles and apply them in all aspects 

of development and revitalisation. 
   a. Plan for and coordinate the sustainable management of renewable natural resources and 

the efficient use of non-renewable resources. 
   b. Establish and maintain an environmental information base and report regularly on the state 

of the environment. 
   c.  Minimise greenhouse emissions through reducing energy demand and maximise energy 

efficiency. 
 
  Biodiversity 
  3 Conserve biodiversity and integrate with land use planning. 
   a. Ensure that land use planning is informed by relevant ecological data. 
   b. Protect and enhance reserves and areas of conservation significance through land use 

policies that recognise their conservation value and avoid inappropriate development 
adjoining these areas. 

   c.  Reduce negative impacts on biodiversity through land use policies that discourage the 
further fragmentation of areas of native vegetation. 

   d. Support biodiversity conservation and management on public and private lands through 
incentives and new partnerships. 

   e. Encourage the use of local native species in all revegetation and landscaping programs. 
   f. Connect isolated habitats and vegetation within key biodiversity areas. 
 
  Coastal, Marine and Estuarine Resources 
  6 Protect and manage coastal, marine and estuarine resources. 
   a. Identify and protect ecologically sensitive and vulnerable coastal and marine habitats 

including native vegetation, estuaries, seagrasses, mangroves, tidal salt marshes, rocky 
reefs and important fish breeding grounds. 

   b. Establish a representative system of marine parks and mulit-use marine protected areas to 
protect and enhance biodiversity. 

   c. Minimise point and diffuse source pollutants from entering the marine and coastal 
environments through innovative stormwater management and re-use programs. 

   d. Ensure discharge of water from land and marine-based activities do not cause pollution or 
pose a threat to biological systems. 

   e. Encourage farming communities to develop environmentally sensitive and cost-effective 
means of erosion control. 

   f.  Reduce the amount of pollutants reaching the marine environment by constructing wetlands 
within catchments to reduce the load. 

   g. Protect dune vegetation, sea grasses, mangroves, samphire communities and algae in 
coastal, marine and estuarine areas. 

   h. Regulate the disposal of ship ballast water, sludge and hull fouling. 
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   i. Manage ports and marinas to prevent the dumping and discharge of waste. 
 
  7 Base land use planning and location decisions relating to development on coasts, rivers, 

streams and lakes on performance-based policies. 
   a. Consolidate coastal and river urban settlements, associated industries, rural living areas, 

tourist complexes, holiday houses and marinas in environmentally acceptable areas. 
   b. Site compact holiday house developments and tourist developments on coasts, rivers, 

streams and lakes in-line with environmental, performance-based policies including potential 
sea level rise. 

   c. Increase public access to natural waterfronts where appropriate and provide reasonable 
public access in new waterfront development. 

   d.  Acquire land for public ownership and maintain access for all users. 
   e. Redesign, redevelop or relocate coastal and river living areas that do not satisfy 

environmental, health or public access standards. 
   f. Restrict development in areas where there is potential for damage to the coast or exposure 

to hazards such as flooding, sea level rise or coastal erosion. 
 

The proposed development aspires to incorporate the practical applications of 
ecologically sustainable development insofar as a ‘triple bottom line’ outcome is sought 
insofar as such relates to environmental, economic and social outcomes are concerned.  
The proposed development would achieve such a balance, acknowledging that certain 
trade offs will invariably be required in order to achieve a balanced outcome and one that 
is sustainable on all fronts including economically.  

   
The proposed development is not anticipated to have a significant effect on the bio-
diversity of the subject land and the surrounding locality in terms of species of plants and 
animals.  The negative impacts of the proposed development such as dredging can be 
suitably managed so as to control the extent of damaged caused and implement remedial 
measures to stabilise and protect surrounding areas for harm.  The balance of the coast 
along Murat Bay is not anticipated to be significantly or detrimentally affected by the 
proposed development.  

 
  Native Title 
  8 Foster productive negotiations with native title claimants with a view to developing 

indigenous land use agreements. 
 
  Heritage 
  9 Conserve places of Aboriginal and non-Aboriginal heritage value. 
   a. Establish mechanisms for effective consultation with Aboriginal people to ensure 

development recognises the importance of Aboriginal culture. 
   b. Identify, conserve and promote places of heritage value, including shipwrecks. 
   c. Designate areas of townscape significance in towns and settlements where control over 

development needs particular regard to heritage and visual character. 
   d.  Encourage the private sector through incentives to recognise the economic value of heritage 

conservation (for example in tourism projects). 
 
  As outlined above the appropriate steps are being taken to address Native Title and 

heritage issues relating to the values of Aboriginal people.  
 

  Hazards 
  16 Minimise the impact of natural hazards. 
   a.  Identify and protect areas susceptible to significant hazards such as fire, flood, coastal 

erosion and seawater flooding. 
 

The proposed development takes into account tidal and sea level issues as part of the 
preliminary engineering design. 

 
  18 Avoid or minimise disturbance of acid sulfate soils. 
   a. Identify areas containing acid sulfate soils. 
   b. Determine the level of risk of acid formation from various land uses to enable the 

introduction of appropriate land use policies. 
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   c. Establish management practices to mitigate the impacts of any acid produced through 
disturbance of acid sulfate soils. 

   d. Introduce remedial measures to reduce the volume and frequency of acid water outflows. 
 

The extent to which disturbance of acid sulphate soils may occur has been addressed 
previously in this report.  

 
  People Towns & Housing 
 
  Housing 
  1  Ensure diverse and affordable housing to suit community needs and preferences. 
   a.  Ensure that the supply of land and infrastructure meet seasonal as well as average annual 

demands for all types of housing. 
   b. Encourage greater housing diversity and ensure housing affordability for people on low 

incomes and older people. 
   c.  Support a stable housing industry based on the private sector. 
   d. Ensure a comprehensive range of affordable housing alternatives. 
   e. Reduce the concentration of older public rental housing through redevelopment and 

integrate public and private housing in new and existing communities. 
   f. Record surplus and under-used Government serviced land and release for development. 
   g. Continue with South Australian Housing Trust redevelopment program in the regional areas 

and explore possibilities for further redevelopment activities. 
   h. Explore opportunities for joint ventures and partnerships with both private and community 

housing organisations in providing affordable housing. 
   i. Improve the quality and standard of government employee housing in regional areas. 
   j. Develop financial schemes to encourage and assist in home ownership. 
 

The proposed development would provide for a diverse range of housing choice, albeit 
not necessarily geared to the affordable housing sector. 

 
  3 Provide for adequate accommodation for the aged in regional townships by providing a 

comprehensive range of aged housing alternatives at affordable prices. 
   a. Provide acceptable sites for small-group aged housing projects integrated within the 

community and with ready access to transport and other community and human services. 
   b.  Involve local councils, the community and human service providers in planning for aged 

housing to ensure necessary support services are available and accessible. 
   c. Facilitate joint developments between providers of housing, local councils and community 

groups to provide aged housing. 
   d. Develop specific public and community housing packages for aging and frail residents. 
   e. Link housing options with appropriate care and support services to ensure successful 

tenancies. 
 
  4 Develop higher residential densities close to services. 
   a. Select locations where relatively high standards of service and transport exist and where the 

potential for redevelopment is high. 
   b. Prepare a development strategy for each of the selected locations to maximise the use of 

public land and increase the density of housing and stage development as private land 
becomes available. 

 
The proposed marina housing development would appeal to a number of retirees or aged 
persons, as has been the experience at Lincoln Cove. Opportunity also exists for 
coordinated development on larger sites whereby the density may be increased so as to 
achieve smaller housing units so as to better cater for the needs of occupiers. 

 
  Town Growth and Business Centres 
  10 When investigating the potential growth of towns and cities consider the effect of 

regional growth issues. 
   a. Assess the overall demographic impact on regions when considering the provision of public 

facilities in major towns. 
   b.  Ensure towns and settlements have adequate areas for growth. 
   c.  Distribute land uses in towns and settlements in a way that avoids conflict between 

incompatible development. 
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   d.  Ensure physical and social infrastructure is provided to growing towns and cities according 
to a coordinated and planned program. 

   e. Assess household and property statistics, public housing stock quality and location to plan 
and better meet the changing housing and geographic needs and patterns of settlement in 
regional areas. 

 
  11 Establish environmentally responsible practices in urban development through joint 

ventures and other development activities. 
   a. Introduce practices that promote ecological sustainability in new construction, infill and the 

refit of housing. 
   b.  Promote land use policies that support energy and water conservation principles in the siting 

and design of new construction. 
   c. Reduce energy demand with good site design and by promoting building materials, which 

are energy efficient and low in embodied energy. 
 

The proposed development would result in growth of the township of Ceduna. The extent 
to which this might impact on the surrounding region would need to be considered 
carefully, but from the preliminary market analysis undertaken demand for this type of 
housing product is strong and an increased take up rate in Ceduna would not necessarily 
result in a drop of sales within other localities. 

 
New dwellings to be constructed as part of this development would by mindful of new and 
efficient construction techniques and materials, including building systems such as air-
conditioning and water use, etc. the careful siting and orientation of dwellings would also 
assist in the regard.  

 
 13 Integrate the planning and management of urban infrastructure in an efficient manner, to 

conveniently locate facilities and to create an attractive, safe, inclusive and enjoyable 
place to live. 

  a. Encourage economic and efficient use and development of physical infrastructure and its 
provision to adequately meet existing and future needs of the community. 

  b. Ensure new housing and other urban development is continuous with and forms compact 
extensions of existing built-up areas. 

  c. Release areas for urban growth to maintain location choice and economic provision of 
services. 

  d. Eliminate physical and social barriers to full participation in community activities and 
services. 

 
 14 Concentrate shops, offices, services, civic and community activities in towns and 

business centres. 
  a. Locate retailing in designated centres. 
  b. Reduce conflicts between road traffic, customer parking and pedestrian movement. 
  c. Encourage housing within or adjacent to town and business centres, particularly to 

accommodate people without access to private transport. 
 

The proposed development seeks to facilitate the efficient coordination of physical 
infrastructure both to the subject land and within.  As stated previously, the proposed 
development provides a critical mass for the on going provision of these services to 
continue to be economically viable. 
 
While some minor retail trade would be anticipated within the development, the extent to 
which such might impact on existing retail and commercial development localities within 
the town centre has been carefully considered.  Council has done so and has resolved to 
support the proposed development proceeding on the basis that certain thresholds and 
limits in terms of the nature and scale of retail activities that will be imposed via 
Development Plan policy.    
 

  15 Ensure services and facilities are fairly distributed and change with the population 
dynamics of different parts of South Australia. 

   a. Monitor population and socio-demographic trends and prepare local area projections to 
guide government, community and industry in the provision of housing and services. 
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   b. Match service provision to needs in major development areas, in areas where the structure 
of the population is undergoing change, and in areas of disadvantage. 

   c. Improve the planning and delivery of services for specific and vulnerable population groups. 
   d. Implement community development measures that provide a framework for integrated 

service delivery in accordance with local conditions and circumstances. 
 
  16  Provide access to high quality, responsive and timely services. 
   a.  Foster effective partnerships between public, private and community sectors in responding 

to identified community needs and in developing services. 
   b.  Encourage integrated service development focused on health promotion, early intervention 

and prevention. 
   c. Build on the capacity and strengths of existing communities, families and individuals in 

planning and developing services. 
   d.  Provide support and advice to individuals and families to enable them to take greater 

responsibility for their own health and wellbeing. 
 
  17 Plan services and facilities to accommodate changing use over time and enhance 

accessibility through careful design and siting. 
   a. Establish guidelines for facilities to accommodate co-located services. 
   b. Encourage the shared use of recreation, sporting and other community facilities. 
 

The proposed development would likewise assist in providing the economic base upon 
which to provide improved and maintain existing access to goods and services, including 
schools, hospitals and other community and social services.   

 
  Support for Individuals and Families 
  18 Facilitate the economic, social and cultural wellbeing of Aboriginal people. 
   a. Promote self-determination and self-management for Aboriginal people in achieving 

improved health, welfare and housing outcomes. 
   b. Encourage cooperation in the development of opportunities for economic independence of 

Aboriginal people. 
   c. Improve service delivery to Aboriginal communities through better coordination, planning, 

funding and service delivery. 
   d. Assist in the development of improvement of the health, wellbeing and education of 

Aboriginal people by: 
    • working in collaboration with key Aboriginal agencies and organisations 
    • providing culturally and physically accessible human services, including housing 
    • supporting relevant programs led by local Aboriginal communities 
    • promoting greater continuity of programs. 
   e. Improve the responsiveness of mainstream services to meet the needs of indigenous 

communities. 
   f. Incorporate traditional Aboriginal land management and ownership into planning for tourism 

and agricultural development. 
 

The proposed development presents an opportunity to generate economic activity that 
will assist local Aboriginal communities in terms of employment and training, together with 
an active involvement in the community interpretative centre proposed.   

  Water Resources 
 

  EFFICIENT USE OF WATER 
   
  Industry and Town Water Use 
  2 Plan for the sustainable, economic and efficient use of water resources a. Ensure the 

most efficient and economic use of imported water supplies based on the principles of 
avoidance, reduction, reuse, recycle and appropriate disposal. 

   b. Conserve water through on-site detention and retention and the re-use of water resources 
including urban stormwater and treated sewage effluent. 

   c. Establish incentives for efficient water use, based on water use efficiency targets. 
   d. Introduce water pricing strategies that reflect the true cost of water and encourage efficient 

water use. 
   e. Promote the use of aquifer storage and recovery schemes that do not adversely affect water 

dependent ecosystems. 
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   f. Improve understanding and provide a clear message regarding the impacts of excessive 
water use. 

   g. Locate and group industries to optimally use existing infrastructure and available water 
resources, such as process-recovered water, waste and stormwater re-use. 

 
The proposed development would be provided with mains water supply sourced from the 
existing trunk main to the township of Ceduna.  SA Water is presently investigating the 
various technical options in terms of supply, in terms of extensions required and 
augmentation of the existing systems including source point desalinisation.  

 
   Infrastructure 
 
  INDUSTRY SUPPORT 
  1  Enhance the economic competitiveness of the State by supporting the provision of 

suitable infrastructure at reasonable cost. 
   a.  Where practical, locate industry to take advantage of emerging infrastructure such as 

telecommunications, wind farms and gas generation from waste. 
   b. Ensure industry is sited to maximise the use of current infrastructure and energy efficiency. 
   c.  Ensure the public and private sector infrastructure providers have the strategic information 

to make accurate plans for the best location of new or augmented services. 
   d. Improve access to cost effective, reliable telecommunications infrastructure. 
   e. Improve the security and quality of water supply to the State. 
 
  ENERGY 
  2 Enhance access to competitive energy supplies for all customers across the State. 
   a.  Work with business, industry and governments to resolve specific bottlenecks in the energy 

supply network. 
   b. Improve the security of the supply of gas to South Australia through the establishment of an 

enhanced national gas network to provide alternative sources of gas supply. 
   c.  Support industry growth through enhanced access to competitive energy supplies for all 

customers. 
   d.  Promote commercial opportunities for the development of renewable energy. 
   e. Support the expansion of the electricity network where it supports economic development or 

the connection of sustainable energy projects. 
   f.  Promote the use of renewable energy sources by planning for wind farms, landfill gas 

extraction and other forms of renewable energy supply. 
 
  WATER 
  3  Plan for water infrastructure. 
   a.  Reduce reliance on River Murray water for urban and domestic use. 
   b.  Identify opportunities to use alternative water sources, including stormwater of suitable 

quality. 
   c.  Reduce infrastructure unit costs by adopting innovative, multi-purpose designs for flood and 

stormwater management. 
   d. Investigate new technology capable of supplementing natural water supplies such as 

desalination. 
 
  4  Ensure water supply, sewage and stormwater drainage services of appropriate standards 

and costs are available to meet community needs. 
   a. Base the expansion of towns on potential water availability and quality. 
   b. Encourage private investment in alternative water supply and harvesting. 
 

 
The proposed development would assist industry through the improvement of 
infrastructure services to the land and locality. The proposed development would provide 
a larger economic base over which to fund the extension and augmentation of existing 
services such as electrical power and water.  The cost associated with the provision of 
suitable water supply, sewage and stormwater systems would be accommodated within 
the cost of the development. 

 
  MOVING PEOPLE, GOODS AND SERVICES 
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  Road 
  19  Enable the safe and efficient movement of people and goods. 
   a.  Ensure safe access to, and use of, the road system by the various modes of travel (including 

non-motorised and unprotected road users, riders, cyclists, pedestrians). 
   b. Minimises the incidence for accidents by: 
    • implementing the overtaking lane strategy 
    • undertaking regular road safety audits and develop a response program to implement 

safety improvements. 
 

The proposed development would provide for safe and efficient access to the land from 
Denial Bay Road via the Eyre Highway and the convenient movement of traffic within the 
site, together with pedestrian and cycle paths are appropriate.  

 
  Air 
  
  26 Develop an integrated, efficient and competitive air transport that supports South 

Australian businesses and regional communities. 
   a. Facilitate market support for the maintenance of existing air services and seek additional air 

services of benefit to the regions. 
   b. Facilitate and participate in industry-Government working groups that improve the efficiency 

of the air freight logistics chain. 
   c. Influence the process of Commonwealth regulatory change to take account of the State’s 

special interests in improving its intrastate, interstate and international air access equity. 
   d. Work with operators of Adelaide International Airport to facilitate the improvement of air 

access to and within the State through market research, route evaluation and liaison with 
airlines, airport operators and other relevant Government and industry stakeholders. 

   e. Ensure that regional airports and airstrips throughout the State are operated, maintained 
and developed in accordance with social and economic needs. 

   f.  Ensure land use policies allow and enhance the efficient operation of airports while 
minimising their impacts on surrounding communities. 

 
The proposed development would provide an expanded base upon which the Ceduna 
airport would operate in terms of stabilised demand for existing services and increased 
demand that could or might support an improved level of service to the town and region.  

 
   Eyre Peninsula Planning and Development Area 
 

The following strategies apply more specifically to the Eyre Peninsula Planning and 
Development area.  

 
 3 Manage the marine environment to protect important fish nurseries from loss of 

biodiversity including seagrass, algae and invasion by exotic species from ballast water. 
  a. Encourage ‘best practice’ environmental performance for long term sustainability. 
 
 4 Investigate the significant potential for aquaculture development near the shore and in 

bays, as well as the potential for land-based aquaculture developments. 
  a. Provide support for aquaculture development including education and training, industry 

research and development, processing facilities and marketing. 
  b. Develop marine aquaculture facilities in accordance with approved Management Plans. 
  c. Ensure Development Plans respond to the growing aquaculture industry by introducing 

performance-based policies to guide sustainable development in appropriate locations. 
  c.  Promote opportunities for land-based aquaculture in appropriate zones where infrastructure 

such as power and water area attainable and where there is sufficient transport capacity. 
  d. Allow for land-based infrastructure and support services for the marine fishing industry. 
 

There is need to ensure that the proposed development does not threaten the role that 
Murat Bay plays in terms of a habitat and breeding ground for fish stock.   
 
7 Promote expansion of the tourist industry based on the natural and cultural assets of the 

area. 
 a. Encourage the development tourist accommodation in the form of nature retreats in the 

area. 
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 b. Encourage small-scale marina developments in appropriate areas that enhance the area’s 
character, to facilitate coastal recreational opportunities. 

 c. Develop small to medium-scale tourist accommodation in and around existing coastal 
settlements. 

 d. Develop tourism links with the fishing industry and aquaculture (oyster, abalone, tuna). 
 
8  Upgrade visitor facilities and infrastructure at key tourist locations and improve visitor 

access to tourist attractions. 
a. Develop and upgrade secondary roads, signage and interpretive facilities. 
b. Manage visitor impacts in environmentally sensitive areas. 
c. Identify the area’s parks and reserves suitable for visitor access and develop associated 

facilities. 
d. Upgrade recreational boating facilities. 

 
The proposed development would further the tourism industry as outlined above.  It is 
important to note that this strategy specifically acknowledges the potential for marina 
development in appropriate areas to maximise access and recreational opportunities 
associated with the coast.  Together with interpretative centres, the proposed 
development would have a generally positive effect on the tourism industry.  

  
  Environment and Resources Strategies 
 
  13 Protect and enhance biodiversity and essential ecological processes. 
   a. Protect and manage important conservation areas, parks and reserves and key biodiversity 

areas. 
   b. Retain, re-establish and manage areas of native vegetation and threatened plant 

communities, including those that provide links and buffers between existing habitats. 
   c. Identify new areas of conservation significance and ensure their protection. 
   d. Control the spread of weeds, introduced animals, fire and other risks to biodiversity. 
   e. Promote revegetation programs using local native species to link and enhance existing 

remnant areas 
   f.  Ensure land use policy recognises and protects areas of natural biodiversity and 

conservation significance. 
 

The environmental investigations undertaken in the preparation of this report indicate that 
the proposed development is not anticipated to have a serious impact on biodiversity and 
ecological processes in the Murat Bay locality.   
 

  14 Maximise sustainable use of regional water supplies by managing demand and providing 
opportunities to supply future needs. 

   a.  Protect and supplement recharge and retrieval of groundwater aquifers. 
   b. Promote efficient water use and reuse. 
   c. Apply techniques to desalinate seawater and brackish water. 
   d. Treat and recycle municipal and industrial wastewaters eg: reuse of effluent at Billy Lights 

Point. 
   e. Implement a total water cycle management approach to regional water supplies. 
   f. Ensure the most efficient and economic use of imported water supplies based on the 

principles of avoidance, reduction, reuse, recycle and appropriate disposal. 
   g. Maintain and improve the ability for environmental flows to be discharged through natural 

discharges to the sea. 
   h. Protect water-dependent ecosystems by ensuring necessary water flows. 
 

The proposed development seeks to maximise regional water supplies by investigating 
alternate and new technologies in order to supplement and enhance existing supply 
including desalinisation. Best practice in on-site collection, storage and reuse will also be 
employed as part of the overall development of this land. 

 
  16 Manage coastal and marine environments in a sustainable way to meet multiple 

objectives. 
   a. Ensure dune and beach protection through restriction of inappropriate activities and 

implementation of revegetation programs. 
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   b. Site and design development to avoid coastal erosion, seawater flooding and damage to the 
coast and the adjacent marine environment. 

   c. Ensure all development retains public access to the coast. 
   d. Minimise urban runoff discharge to the marine environment and reduce contamination of 

groundwater by septic tank discharges. 
   e. Develop, establish and clearly define marine protected areas in key biodiversity locations. 
   f. Identify core high protection areas for marine biodiversity conservation, as part of the 

representative system of marine protected areas. 
   g. Identify threatened marine species and develop recovery plans. 
 

 
The proposed development is a good example of how the marine environment can be 
managed in order to meet multiple objectives in relation to environmental and recreational 
considerations.  

 
17 Encourage the further development of Port Lincoln as a main regional service centre for 

the lower and western parts of the area. 
 

Port Lincoln would continue to play the role as the major service centre for the region as 
a result of this development. 

 
  18 Encourage a variety of housing types appropriate to the location, size and character of 

townships. 
   a. Increase housing choice and diversity to meet the needs of current and future residents. 
   b. Develop a coordinated regional approach to the provision of affordable and appropriate 

workforce housing to accommodate emerging employment opportunities. 
   c. Review appropriateness of current housing stock available for low cost rental (including 

public housing) to meet the changing housing needs of low income and disadvantaged 
groups, including Aboriginal communities. 

   d. Complete the Lincoln Gardens redevelopment and explore the potential for other urban 
regeneration projects. 

   e. Coordinate provision of high quality rental accommodation to meet the needs of professional 
and managerial staff. 

   f. Base residential zoning and policy on demographic data, growth in industry sectors and 
local infrastructure capacity. 

   g. Encourage infill within town boundaries and selectively increase residential densities in 
appropriate areas. 

   h. Promote greater flexibility in housing and land division design that has regard to local 
characteristics and recognises Aboriginal homelands developments. 

 
The proposed development would assist in achieving housing choice on the west coast. 

 
  19 Improve access to and the quantity and quality of health and community services, such 

as regional hospitals, aged care facilities, mental health services and Aboriginal health  
   a. Attract and retain key professionals in areas of health and community services, having 

regard to housing, education and career opportunities. 
   b. Identify and address gaps in medical specialist services. 
   c. Continue to assess human service needs to identify facilities as part of an integrated 

community planning process. 
   d.  Attract capital to build facilities. 
   e. Investigate options to expand the range of public passenger transport services available to 

the area. 
   f.  Develop alternative approaches to providing support services to frail older people to enable 

them to remain in their communities. 
 

The proposed development would generate increased population and economic capacity 
in order to ensure the ongoing provision of services such as the hospital and other 
community facilities within Ceduna. 

 
  20 Provide opportunities for young people in education, employment and recreation. 
   a. Increase and promote available employment opportunities to attract people to return to the 

area after education. 
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   b. Work with young people to increase the range of recreation and leisure opportunities 
available. 

 
The proposed development would increase opportunities for young people in education, 
employment and recreation. 

 
 Infrastructure Strategies 
 
 21 Develop transport infrastructure practices, connections and capabilities to meet existing 

and future needs of exporters, producers, miners, residents and visitors. 
  a. Improve access between the Eyre Peninsula, Port Adelaide and Adelaide International 

Airport. 
  b.  Ensure inter-modal connections are efficient, effective and reliable. 
  c. Investigate the potential to expand the heavy vehicle network for vehicles travelling to and 

from intermodal terminals. 
  a. Investigate the ability of airport facilities at Port Lincoln, Ceduna and Head of Bight to meet 

export and tourism objectives. 
  b. Liaise with industry groups to ensure that road, rail and port infrastructure meet changing 

requirements of grain handling and container based shipping. 
  c. Investigate ability of existing port infrastructure to accommodate operations that cater for 

specialised shipping needs. 
  d. Maintain and facilitate the upgrade of port facilities at Port Lincoln and Thevenard. 
  e. Explore opportunities to expand or better use the rail network. 
  f.  Agree on a preferred solution for heavy vehicle movements within Port Lincoln. 
 

The proposed development would assist in terms of an economic base upon which to 
undertake further improvements in air services to Ceduna and the region.  

 
The proposal provides an opportunity to pursue innovative means of energy supply 
including solar and wind power in order to supplement conventional electrical power 
sources.   

 
 23  Promote innovative means of energy supply and capacity to areas that are remote from 

the distribution network. 
  a. Investigate alternative energy sources including wind and solar power and encourage their 

development. 
  b. Ensure land use policies guide the development of alternative energy infrastructure by 

providing for its specific requirements and managing the visual and environmental effects on 
a locality. 

 
 24  Ensure adequate supply of water of sufficient quantity and quality for industry 

development and human use. 
  a. Promote the conservation of water resources through land use policies that support water 

reuse and water recycling. 
  b. Investigate ways to effectively link desalination projects designed to increase local access to 

water to achieve a regional benefit. 
  c. Investigate the need to upgrade the existing water supply and wastewater systems. 
  d. Upgrade Streaky Bay water supply. 

 
The proposed development can be provided with adequate water supply subject to 
extension and augmentation requirements by SA Water.  Water efficiency and reuse 
strategies will be developed as part of the overall development.  

 
In conclusion, the proposed development is considered to be generally in accord with the 
stated strategies as contained within the Planning Strategy for Regional South Australia. 
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Council Wide 
 
Objectives: 1, 2, 3, 4, 5, 7, 8, 9, 10, 12, 18, 19, 20, 23, 24, 25, 26, 27, 28, 29, 30, 32, 34, 
35, 37, 40, 41, 43, 44, 45, 46, 47, 48, 49, 50, 51, 53, 54.  
 
Principles of Development Control: 1, 2, 3, 4, 5, 8, 9, 10, 11, 15, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 33, 34, 35, 40, 41, 42, 43, 44, 46, 47, 49, 50, 51, 52, 54, 55, 56, 58, 
59, 61, 62, 63, 64, 65, 71, 74, 75, 76, 80, 81, 82, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 
94, 95, 96, 97, 98, 99, 100, 101, 104, 105, 106, 108, 109, 118, 133, 134, 135, 136, 137, 
138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 154, 155, 156, 157, 
158, 159, 160, 161, 195, 196, 197, 198, 199, 200, 202, 206  

 
Coastal Zone 
 
Objectives: 1, 2, 3, 4, 5 

 
Principles of Development Control:1, 2, 3, 4, 5, 6, 7, 20, 21  

 
Recreation Zone 

 
Objectives: 1,  

 
Principles of Development Control: 1, 3, 4, 6,  

 
Rural Living Zone 

 
Objectives:1, 2 

 
Principles of Development Control: 1, 3, 6, 7, 8, 9, 10, 11 

 
The following statements are made in respect to the extent to which the proposed 
development is consistent with these provisions of the Ceduna (DC) Development Plan.  
To assist key provisions have been grouped under the following headings for ease of 
understanding. 

 
Economic Development 

 
 Objective 1: A diverse economic base for the district. 

 
 The proposed development would result in a generally positive economic effect on the 

township of Ceduna and the district.  The nature of the development with its various 
component activities and developments would assist in diversifying the economic base 
for the district in terms of facilitating growth and increased activity within the aquaculture 
industry, the residential sector, and the tourism industry primarily.  The development 
would also have many flow on or multiplier effects that would assist in establishing a 
sustainable economic base for the township and the district based on the level of capital 
investment envisaged. 

 
Form of Development 

  
  Objective 2: Orderly development of the district, with the economic extension of services and 

facilities. 
 
  Objective 3: Ceduna-Thevenard Regional Settlement reinforced as the main urban centre of 

the district, while the coastal townships of Denial Bay and Smoky Bay are local 
centres. 

 

283



ENVIRONMENTAL IMPACT STATEMENT            

                                                                                                                                                                    

                                                                    

  Objective 4: Proper distribution and segregation of living, working and recreational activities by 
the allocation of suitable areas of land for those purposes. 

 
  Objective 5: Proper location of public and community facilities by the reservation of suitable 

land in advance of need. 
 
  Objective 7: Development to be safe from natural or man-made hazards and to be compatible 

with land capability. 
 
 In terms of these Objectives that relate to form of development, the proposal would 

facilitate the economic extension of infrastructure services in an orderly and economic 
manner, as outlined earlier.  The development would generate the necessary economic 
capacity to facilitate and finance the extension of these services without placing 
disproportionate impost on Government for assistance and/or subsidy.     

 
 The location of the development adjacent the township of Ceduna is also consistent with 

reinforcing the Ceduna-Thevenard area as the main urban centre. Smoky Bay and Denial 
Bay will continue to remain smaller coastal townships.  A development of the scale 
proposed is considered most appropriate within or, for that matter, adjacent to the 
Ceduna township. 

 
A logical pattern of development will be achieved as a result of the proposed 
development in terms of the arrangement of land uses with appropriate design and 
operational considerations given in respect to the separation of potentially conflicting or 
competing land uses. The development would also have access to an appropriate level of 
public and community services both within the development and adjoining township of 
Ceduna. 

 
   1 Development should be in accordance with the Structure Plans for the whole of the council 

area and for the regional settlement of Ceduna/Thevenard shown on Maps Ced/1 (Overlay 
1) and Enlargement A and B respectively, and Fig/1. 

 
   2 Development should be orderly and economic.  Division of land for urban or town purposes 

should be in the nature of infilling or in the form of compact extensions to existing developed 
areas so as to achieve economy in the provision of public services. 

 
   3 Extensions of built-up areas should not be in the form of ribbon development along the main 

roads. 
 
   4 Urban development should be confined to township and settlement boundaries designated 

on Maps Ced/19 to 33 and create a safe, convenient and pleasant environment in which to 
live. 

 
   5 Development should not reduce the environmental quality of its locality. 

 
  The following excerpt is provided from the Structure Plan. 
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As can be seen from this Structure Plan, the land west of the Eyre Highway is 
designated as being appropriate for residential development.  However, land west of 
the Eyre Highway is not specifically identified as being appropriate for urban 
development. 

 
While the proposed development does not represent infill development within the 
existing township boundary, it is nonetheless considered to be an appropriate 
extension of the township to the north, albeit with a degree of separation achieved in 
the form of a recreation/open space area.  

 
This will assist in the economic and efficient extension of services to the proposed 
development. That said, the proposed development is not necessarily considered to 
be ‘ribbon’ development and will be undertaken in a coordinated manner according to 
an approved master plan. The result will be a safe convenient and pleasant place in 
which to live. 

 
The extent to which the development would have an effect on the environmental 
quality of the land will be discussed further below. 

 
   8 Development which will be used by the public should have, as appropriate, pedestrian-

related elements such as, ramps, external seating, litter bins, shelter and other elements 
providing for the comfort, convenience and enjoyment of the public. 

 
   9 Development should maximise the security and safety of users with good visibility into public 

space, adequate lighting and access points for surveillance. 
 

 The plans for the proposal, which are effectively a Master Plan for the overall 
development of the land, clearly indicate a road network that would provide for 
appropriate pedestrian access, including to waterfront areas such as the marina 
berths and wharf area. A balance has been achieved in terms of safety and security 
for users and the amenity of spaces including casual surveillance considerations.  
This finer level of design will be progressed further at the detailed design stage of the 
development following approval of the Master Plan. 

 
Appearance of Land and Buildings 

 
 Objective 8: Appearance of land, buildings and objects to preserve the amenity of localities. 
 
 Objective 9: Landscaped residential streets, open spaces and residential areas. 
 

   10 Development should be of a high standard of design with regard to external appearance, 
building materials, colours, siting and landscaping so as to preserve and enhance the 
character and amenity of the locality. 
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   11 Development liable to detract from the appearance of the land should not be 
undertaken in areas of landscape significance. 

 
   15 Landscaping should be used as appropriate to the character of the locality to 

screen development. 
 
 The proposed development is considered to be of a high standard and would have an 

external appearance befitting its setting.  The exact design of buildings and structures 
would be pursued at the next stage following approval of the Master Plan.   

 
 The subject land, while essentially a nature setting, is not considered to be a locality 

of landscape significance. An appropriate landscape theme will be developed as the 
project progresses in order to complement the appearance of built form and blend in 
with the surrounding natural environment as far as is possible.  The Master Plan 
acknowledges the desirability to retain some section of existing vegetation to form a 
visual landscape screen from adjoining land.  

 
Movement of People & Goods 

 
  Objective 10: A network of primary arterial and secondary arterial roads to serve local and 

district traffic. 
 
  Objective 12: Free flow of traffic on roads by minimising interference from adjoining 

development. 
 
  142 Development and associated points of access and egress should not create conditions 

that cause interference with the free flow of traffic on adjoining roads.  In particular, direct 
access points to the Eyre Highway should be avoided. 

 
  143 Development should include an appropriate provision on the site to enable the parking, 

loading, unloading, turning and fuelling of vehicles and pedestrian or cycle movement in a 
safe and convenient manner.  Shared parking areas or sites located elsewhere other than 
on site should only be provided where such an arrangement is to the benefit of the 
community. 

 
  The proposed development would result in a logical hierarchy of roads such that 

different types of traffic could move independently of each other and without conflict.   
 

  Access to the development would be from Denial Bay Road, which serves as a major 
collector road off the Eyre Highway, which is a major arterial road. A network of 
collector roads and minor streets will then be provided within the development 
allowing for access to component uses including residential. 

 
  The free flow of traffic on the Eyre Highway would not be compromised or frustrated 

by the proposed development. No direct access is to be provided to the Eyre 
Highway.  In addition, there is to be appropriate parking provided within the 
development site for vehicles so as not to result in parking on higher traffic routes. 

 
Coastal Development 

  
  Objective 18: Manage development in coastal areas to sustain or enhance the natural coastal 

environment and maintain the quality of coastal waters. 
 
  Objective 19: Protect the coast from development that will adversely affect the marine and on-

shore coastal environment whether by pollution, erosion, damage or depletion of 
physical or biological resources, interference with natural coastal processes, or 
any other means. 
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  Objective 23: Development which maintains or enhances public access to coastal areas in 
keeping with objectives for protection of the environment, heritage and amenity by 
provision of: 

 
   (a) planned, appropriate easy to use public access to and along beaches; 
 
   (b) coastal reserves and lookouts; 
 
   (c) convenient and safe public boating facilities at selected locations; 
 
   (d) convenient vehicular access to points near beaches and selected points of 

interest; and 
 
   (e) adequate car parking. 
 
  Objective 24: Development only undertaken on land which is not subject to, or can be 

appropriately protected from, coastal hazards such as: 
 
   (a) inundation by storm tides or combined storm tides and stormwater; 
 
   (b) coastal erosion; or 
 
   (c) sand drift. 
 
  Objective 25: Development located and designed to allow for changes in sea level due to 

natural subsidence and probable climate change during the first 100 years of the 
development.  This change to be based on the historic and currently observed 
rate of sea level rise for South Australia with an allowance for the nationally 
agreed most-likely predicted additional rise due to global climate change. 

 
  Objective 26: Development which will not require, now or in the future, public expenditure on 

protection of the development or the environment. 
 
  Objective 27: The protection of the physical and economic resources of the coast from 

inappropriate development. 
 
  Objective 28: Development of coastal urban settlements, coastal rural living areas, tourist 

complexes, aquaculture, and marinas only in environmentally acceptable areas. 
 
  Objective 29: Urban development including housing, holiday houses, tourist accommodation, 

and rural living, as well as land division for all such purposes, only in the zones 
specifically created for such development. 

 
  Objective 30: Development of coastal urban settlements, coastal rural living, tourist 

accommodation, marinas and ports in an orderly and economic manner which 
provides for a range of sites while ensuring the number of locations and the size 
of the zones do not exceed that which is indicated as being required by a realistic 
assessment of future demand. 

 
 The proposed development would seek to minimise impacts on natural systems and 

processes within the marine and coastal environment.  However, invariably a 
development of the nature proposed would result in some disturbance.  This 
disturbance would be minimised and the potential for serious impact minimised by 
adopting appropriate construction and operation techniques and procedures. Past 
examples including the marina development at Lincoln Cove, demonstrate such an 
outcome can be achieved.   

 
 The subject land and its surrounding locality, while attractive and typical of the 

coastline of Murat Bay, is not considered to be a site of environmental significance or 
particularly important in terms of marine life or vegetation.  The extent to which the 
disturbance anticipated might have an impact beyond natural systems and processes 
outside the locality would be assessed more particularly as a result of the 
environmental reporting to be undertaken as part of the Major Developments process. 
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 The final design of the marina development, in particular the physical form of the 

infrastructure such as the breakwater and seawalls, will be designed in such a manner 
so as to take account of tidal variations, together with sea level changes anticipated 
as a result of global climate change over the next 100 years.  Finished floor levels 
would be set suitably high enough so as to minimise the potential for inundation in the 
event of a major storm event. 

 
 It is clear that Objective 28 does specifically anticipate marina developments in 

environmental acceptable areas.  The subject land is considered to be such an 
environmentally acceptable area in terms of it not being an area of significance, with 
adequate opportunity available to accommodate the development in an attractive 
setting that complements the existing township.  The uses proposed would provide a 
high level of amenity and are generally consistent with that envisages within 
Objectives 29 and 30.  

 
 The various Principles of Development Control that flow out of these Objectives 

address a range of issues including: 
 

• Environmental protection 
• Preservation of scenic, heritage and other values 
• Maintenance of public access 
• Hard risk minimisation 
• Protection of physical and economic resources 
• Settlement, tourist facilities and marina and other development in appropriate 

zones 
• No premature development 

  
 In terms of environmental protection, the proposed development is not anticipated to 

have a serious and extensive impact on natural systems and processes.  As outlined 
above, the extent to which impact will occur will be determined by the required level of 
environmental reporting to be undertaken by the applicant.  These investigations will 
further identify, quantify, address and make recommendations in respect to water 
movement, wave action, ecology of the locality (including the sea bed and terrestrial 
environment), the dune system issues or erosion and stabilisation and rising sea 
levels. 

 
 The manner in which wastes and stormwater runoff is to be addressed will be 

determined as part of further engineering design.  The approach taken will be to 
ensure that the potential for environmental harm is minimised via appropriate 
infrastructure, systems and processes.  The extent to which development might 
impact on the quality or hydrology of ground water has been addressed above.  
Consideration has also be given to the extent to which the development might impact 
on terrestrial and marine biological communities including birds.  

 
 There will be an extensive alteration in the natural state of the land as a result of the 

proposed development.  To this extent, the change would be dramatic, but following 
construction and the various replanting programmes that would be undertaken the 
proposed development would seek to blend with its surrounding physical environment.  
The retention of landscaped buffers to adjoining areas would assist in this regard.  
The scale and proportion of buildings would be mindful of the extent to which they 
would be visible at distance, and would generally not exceed 8 metres in height. 
Residential development should be generally limited to two storeys in height.  
However, some opportunity could be provided for tourist accommodation to achieve 
three of more floors subject to an appropriate design being proposed.  

 
 The proposed development seeks to maintain and improve access to the marine 

environment for the enjoyment of residents.  The marina is to be a public facility and 
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subject to accepted security protocols in respect to accessing vessels.  However, the 
public would be able to view and use facilities within the marina.  Pedestrian and cycle 
paths would be provided throughout the development so as to facilitate the efficient 
and effective movement of people. 

 
 A degree of commercial development is anticipated as part of the proposal including 

that related to and serving the aquaculture industry and the fishing industry.  
Commercial development will occur on land that is not subject to flooding and 
inundation by tidal waters and be located in a convenient manner that minimises the 
potential for disruption to the balance of the development. Appropriate protection 
measures will be implemented to ensure that the marine environment is not 
compromised by these activities.  

 
 The extent to which the proposed development could have an effect on existing 

aquaculture operations has been carefully considered as part of the environmental 
investigations undertaken.  From the work that has been undertaken, it would seem 
that the proposed development would have a generally positive effect in terms of 
providing access to mooring facilities and access to warehousing, storage and 
maintenance facilities.   

 
 In the absence of a specific zone that would direct the siting of a marina development, 

the Council has sought to identify an appropriate location that has the physical and 
environmental capacity to support such a facility that is also economically viable and 
commercially acceptable.  Access to the airport and existing road networks is an 
important consideration together with the ability to provide infrastructure services in an 
orderly and economic manner. 

 
   Conservation 

 
   Objective 34: Conservation, preservation, or enhancement, of scenically-attractive areas, in 

particular land adjoining scenic routes. 
 
   Objective 35: Preservation and replanting of roadside vegetation. 
 
   Objective 37: Conservation and preservation of buildings or sites of Aboriginal heritage, 

architectural, historical or scientific interest. 
 
   Objective 40: Retention of native vegetation for amenity purposes, for livestock shade and 

shelter and for the movement of native wildlife. 
 
   Objective 41: Protection of water resources from pollution and the depletion of their 

catchment areas. 
 
   Objective 43: The district’s water resources protected from excessive usage and development 

encouraged to use water-saving devices recycling methods, and install 
rainwater storage tanks. 

 
   Objective 44: The conservation of energy. 
 

  Whilst an attractive setting, the subject land and the surrounding locality is not 
considered to be of significance other than as the backdrop that it provides to the 
township of Ceduna.  Nor is the subject land and locality particularly significant in 
terms of existing vegetation.  The proposed development could proceed without 
resulting in significant harm to areas of environmental and scenic significance.  
Roadside vegetation could be retained and supplemented as part of the revegetation 
and landscape programme to be undertaken as part of the development.  

 
 Acknowledging the previous users of this land is an important consideration and will 

be pursued in more detail with officers of the Department of State Aboriginal Affairs to 
ensure that any sites of significance are identified and responded to in an appropriate 
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manner.  Based on the investigations and inquiries undertaken, the subject land has 
not been previously identified as being of Aboriginal heritage significance.  

 
 In terms of water and energy conservation, ‘best practice’ in these fields of service 

provision will be pursued in order to ensure that these resources are accessed and 
used in a responsible and efficient manner. The capacity of existing electrical power 
and water supply systems will be further quantified and responded to as part of the 
development implementation.  

 
Open Space 

 
  Objective 45: The development of existing and extensive public areas for passive and active 

recreation. 
 
  Objective 46: The limited provision of open spaces in residential areas only where access to 

parks and resources is remote or unavailable or there is a need to preserve 
natural features such as remnant vegetation. 

 
  84 Public open space created through land division should: 
 
   (a) form linear connections to existing open space and community focal points or buffers 

between traffic and residential, where appropriate; 
 
   (b) incorporate and protect landscape features; 
 
   (c) be integrated with other community facilities where practicable. 
 
  85 Communal open space and any required facilities should be designed according to 

projected user needs taking into account: 
 
   (a) the overall housing density; 
 
   (b) the quality and extent of alternative public or private open space; 
 
   (c) the relationship to adjoining open space areas; 
 
   (d) the need to distinguish communal open space clearly from public or private open 

space; 
 
   (e) future maintenance requirements; 
 
   (f) the need to maintain the privacy of nearby dwellings; and 
  
   (g) the need for landscaping to enhance a sense of enclosure of communal open 

spaces, while allowing informal surveillance and meeting security needs.  
 

  The proposed development would result in the enhancement and possible extension 
for the existing Ceduna Golf Course, which is a key public recreation facility. In 
addition to this space, there is not considered to be a significant need for extensive 
areas of public open space, both in terms of the likely level of demand for such 
spaces and the emphasis the development has on the marine environment and 
recreation activities associated with the sea.  Furthermore, the provision of large 
areas of green open space in the form of parks is not considered to be efficient and 
effective use of land and water in this environment.  

 
 Residential Development 

  
  Objective 48: A range of attractive living environments and housing types. 
 
  Objective 49: Residential areas should contain a safe, convenient and legible network to all-

weather paths for pedestrians and cyclist providing direct links to open space, 
shopping centre and community facilities.  Such paths should follow local 
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streets or open space reserves as far as practicable and should provide a 
township-wide network linking all areas. 

 
  Retail & Business Development 
 
  The proposed development would result in an attractive living environment providing 

choice in terms of waterfront or land based development opportunities, including 
adjacent the golf course. The exact type of housing will be a response to market 
demand; but care will be taken via encumbrances and similar mechanisms to ensure 
a suitable level of quality and standards in terms of design and construction is 
maintained. 

 
  The extensive list of Principles of Development Control that relate to residential design 

and siting will be attended to as part of the implementation stages of the proposed 
development, including issues such as collection and reuse of roof water on site, set 
backs, private open space, allotment sizes and widths, density and streetscape 
considerations.  Local streets and the waterways between the residential development 
will provide adequate opportunity for movement within the development.  Links will 
also be provided back to the main township of Ceduna along the recently constructed 
coastal walk. 

  
Tourist Facilities 

 
  Objective 54: Tourist facilities and rest areas located appropriately. 
 

  The proposed development would provide for a range of facilities that would support 
the tourism industry, including accommodation, recreation, interpretation and cultural 
education and experiences.  

 
Coastal Zone 

 
  Objective 1: Preservation of the coast in a state which does not impede natural processes. 
 
  Objective 2: Enhancement of the ecological, geological and archaeological integrity and 

natural features of the zone. 
 
  Objective 3: Protection of the natural scenic attributes and landscape appearance of the 

zone. 
 
  Objective 4: Protection of the quality of marine waters. 
 
  Objective 5: Development of interpretative and educational facilities in suitable locations and 

only where such activities will not compromise the achievement of the above 
objectives. 

 
 The proposed development would not seriously impede natural processes within 

Murat Bay and beyond, nor would the proposed development have a significant effect 
on the ecological, geological and archaeological integrity and natural features of the 
coast line, as set out above.  So too, the extent to which the proposed development 
would impact on the scenic attributes of the land has been dealt with above. 

 
 It is important to note that the zone does anticipate the development of an interpretive 

centre and education facilities, as is proposed as part of the development. The subject 
land and a relationship with the marina development in near proximity to the Ceduna 
township are considered to be appropriate for such a development.    

 
 While a number of component uses identified within Principle of Development Control 

21 for the Coastal Zone such as dwelling, hotel, industry, office, shop, and store are 
identified as being non-complying, the proposed development is considered an 
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appropriate mixed use development that should be considered on its merits.  The 
Major Development process allows for such consideration.   

 
 Acknowledging that the Major Developments process may allow the development to 

proceed, it is considered necessary to undertake a Plan Amendment Report in order 
to change the zoning contained within the Development and provide a policy 
framework that would better guide the orderly and economic development of the 
subject land.  A Statement of Intent for such a PAR has been prepared and submitted 
to the Minister for Urban Development and Planning shortly. 

 
 Recreation Zone 

  
  Objective 1: A zone which makes provision for a range of recreation experiences to meet the 

needs of the population of the district and visitors to the region. 
 
  (d) Policy Area 21 - Tourist Use 
 
   This policy area involves Section 230, Hundred of Bonython which is identified for 

recreation activities and tourist accommodation uses which could involve a golf driving 
range, caravan park, cabin accommodation, motel, roadhouse/petrol filling station.  A 
system of artificial lakes and passive recreation areas may be appropriate. 

 
  To support development of the area housing will also be considered. 
 

 The proposed development is considered to be generally consistent with the Objective 
for this Zone in terms of providing for a range of recreational activities and pursuits 
including marine-based activities such as sailing and boating.  This would provide an 
important focus for both residents and visitors to the area. 

 
 Policy Area 21 goes on to identify that portion of the subject land that might be used to 

support a ‘mixed use’ tourist and recreation style development similar to that now 
proposed.  To this extent, the Development Plan does anticipate further development 
to the north of the township including residential and tourist accommodation around a 
system of waterways or lakes.  

 
 As with the Coastal Zone, a number of component uses for the proposed 

development are identified as being non-complying.  For the reasons previously 
outlined, this should not prejudice the assessment and consideration of the proposal 
as a Major Development.  

 
Rural Living Zone 

 
  Objective 1: A zone for detached dwellings on large residential allotments with small-scale 

rural activities of a minor nature 
 
  Objective 2: Development compatible with adjoining land use zones. 
 
  (c) Policy Area 17 - Ceduna North 
 
  The Policy Area is suitable for residential development on large allotments which are capable of 

supporting hobby rural activities such as animal keeping. 
 
  Development proposals need to give close attention to land management to ensure land is not 

degraded or untidy, with tree planting around the perimeters of properties and buildings strongly 
encouraged. 

 
   (i) Desired uses in the Policy Area: 
 
   Animal keeping 
   Detached Dwelling 
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The Rural Living Zone does anticipate forms of residential and other development, 
albeit on larger allotments and in a manner compatible with surrounding land use 
zones. The proposed development would represent a significant shift away from the 
stated intent for this Zone within the key Objectives, but for the reasons outlined 
above such is considered appropriate in the circumstance, including the intention on 
the part of Council to undertake a PAR to rezone this land in order to better facilitate 
the proposed development. 
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1. BACKGROUND 
This report has been prepared in association with the Development Application lodged by the District 
Council of Ceduna for the Ceduna Keys Marina Development on land located to the north of the 
township on Denial Bay Road and the Eyre Highway, together with a portion of Murat Bay, Ceduna. 
 
This report is intended to provide additional information, in order to address queries raised by Planning 
SA in a discussion paper regarding the development application and it’s status as a major 
development, and also the guidelines for the preparation of an Environmental Impact Statement, 
provided by the Major Developments Panel.  This report should be read in conjunction with details 
contained in earlier submission documents including: 
 

• Development Application for a Major Development, Ceduna ‘Keys’ Marina Development and 
Coastal Community Centre, Connor Holmes Consulting, August 2003 

• Development Application for a Major Development, Ceduna ‘Keys’ Marina Development and 
Coastal Community Centre, Appendices, Connor Holmes Consulting, August 2003 

• Ceduna Keys and Coastal Centre Development, Preliminary Environmental Assessment, Eco 
Management Services, 2001. 

 

2. COASTAL MANAGEMENT 
This section assesses the projected impact of storm tides and sea level rises on the proposed 
development and the measures needed to mitigate and /or accommodate them. 

2.1 STORM TIDES AND RISE IN MEAN SEA LEVEL (GREENHOUSE EFFECT) 
For an open waterway system compliance with the Coastal Protection Board (CPB) policy has 
been assessed as follows. 
 

Protection Criteria Tidal Waterways 

 Piled buildings over waterways Areas capable of future 
protection 

100 year storm tide 
(Thevenard) 

 2.32m AHD  2.32m AHD 

Wave set up  0.20m  0.20m 
Freeboard  0.25m  0.25m 
Sea Level Rise   
- 50 Year  N/A  0.35m 
- 100 Year  1.00m  N/A 
Minimum building floor level  3.77m AHD  3.12m AHD 

 
Due to the fact that there will be a surplus of material excavated from the waterways a minimum 
general fill level of 3.20m AHD has been adopted in order to comply with the above requirement. 
 
The 100-year storm tide of 2.32 m above mean sea level was based on advice provided by The 
National Tidal Centre (Bureau of Meteorology).  Their advice was based on the results of a study 
undertaken in 1989 for Thevenard.  
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2.2 EFFECTS OF TIDAL LEVELS ON FLUSHING TIMES  
The total waterway area is some 49 hectares linked to Murat Bay by a 50m wide channel. The 
average depth is designed to be 2.5m below low tide, i.e. -3.5m AHD. Reference to the 
Australian National Tide Tables (Table 1) gives the following values of tidal levels for 
Thevenard.  
 
 HAT MHHW MLHW MSL MHLW MLLW LAT 
Local 
Datum 

2.2 1.6 Usually 
diurnal 

1.0 Usually 
diurnal 

0.4 0.0 

AHD 1.19 0.59  0.0  -0.61 -1.01 
 
As Thevenard is situated within Murat Bay it is considered that these tide levels are applicable 
to the development site. 
Total waterway volume between tide levels 0.59m AHD (MHHW) and -0.61m AHD (MLLW) is 
588,000 cu.m. 
Over a 6 hr tide cycle this on average represents an inflow or outflow rate of 27.2cu.m. per sec 
through the channel. Assuming an average water depth of 2.5m in the channel this flow takes 
place at a very low velocity of 0.21 m/sec.  
Although this is a somewhat crude analysis the outcome does indicate that there is almost 
unrestricted exchange of water between Murat Bay and the waterways.  
It is therefore considered that exchange volumes can, for the purpose of assessing water quality 
in the waterways, be directly related to tidal variations. 
 
A statistical analysis of the daily tidal variations at Thevenard for the period from May 04 to May 
05 indicates the following:  
    

 Total Daily Tidal 
Variation (m) 

Waterway 
exchange rate   

(days) 
0.10 percentile value 1.05 6.6 
0.25 percentile value 1.43 4.9 
0.50 percentile value 2.03 3.5 
0.75 percentile value 2.51 2.8 

Average 1.99 3.5 
Median 2.03 3.5 

Min 0.46  
Max 3.39  

 
It is considered that 50% of the above total daily tidal variations represents the exchange depth 
of water that flows in and out each day.  
 
An average exchange of about 1.0m per day and an average waterway depth of 3.5m indicates 
an average water exchange rate of about 3.5 days ignoring any lag effects. 
 
Based on the above statistical analysis the total tidal variation is less than 1.43m for less than 
25% of the year and less than 1.05m for less than 10% of the year.  Reference to a graph of the 
total daily tidal variations shows that the maximum sequence of variations less than 10% 
(1.05m) is 3 days and occurs for a total of 8 times per year. The maximum sequence of total 
tidal variations less than 25% (1.43m) is 7 days (3 times per year); usually the sequence is 
about 3 to 5 days. These statistics tend to support the use of the maximum water exchange 
rates presented in the table above.     
 
Using the same logic as above a sea level rise of say 1.0m would increase the average 
exchange rate to about 4.5 days.  
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These exchange rates are very similar to those that have been calculated for the waterways at 
Lincoln Cove in Port Lincoln; a similar size waterfront and marina development. 

 

2.3 CHANNEL VELOCITIES 
Channel velocities due to tidal flows have been assessed to average about 0.21m/sec. This is 
not significant and therefore considered to be acceptable. 
 
Sea level rises will not significantly impact on channel velocities as the depth of water in the 
channel increases accordingly.  

 

2.4 IMPACT OF STORMWATER INFLOWS ON WATERWAY LEVELS 
As the 50m wide channel imposes almost negligible restriction to outflows from the waterways 
into Murat Bay there will be very little impact on waterway levels during major flood events 
assuming that the flows do enter the waterways.  
The development area including the waterways is some 125 hectares, and the waterways some 
49 hectares. Assuming that 100mm of rain fell and there was no losses (very conservative 
assumption for the point of comparison), and no flow at all into Murat Bay, the waterway level 
rises by 250mm. 
 
Any major stormwater flows that enter the waterways are therefore expected to discharge into 
Murat Bay without any detrimental flooding impacts.  

2.5 SAND MOVEMENT 
Reference to the local navigation charts indicates that Murat Bay should be well protected by 
the reef and island at the entrance of the bay from any coastal processes that take place 
seaward of Thevenard. 
 
Local information and observations have not indicated that significant coastal processes such 
as sand movement are taking place in the vicinity of the proposed entrance to the development.  
 

2.6 BREAKWATERS 
The development is expected to be impacted by wind-generated waves from the west and 
southwest directions. The expected wave heights (Zw) based on a fetch distance of 9 km and a 
range of wind speeds are indicated on the following table:   
 

References: Section 7-10 Wind Tides and Waves in Reservoirs 'Water resources Engineering' 
Linsley and Franzini 1964 
Wind Roses prepared by the Bureau of Meteorology 1999 (Based on data collected 
from 1961 to 1990) 

 Fetch  9km from both the west and south westerly directions 

 Wind  Roses indicate that velocities exceed 30 km/hr form the west and south west. 

 Zw  Average height of the highest one third of waves from formula 7-3 in Linsley and Franzini 

 Duration  Represents the minimum duration of wind to develop the indicated wave height. 

Velocity km/hr 30 40 50 60 70 80 90 100 

Velocity knots 16.2 21.6 27.0 32.4 37.8 43.2 48.6 54.1 

Zw m 0.52 0.70 0.89 1.08 1.27 1.46 1.66 1.85 

Duration mins 91 81 75 66 64 60 58 55 
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The above wave heights have been compared to those derived using the US Army Engineers 
forecasting curves for shallow water waves, constant depth 20 feet and were found to have 
very close agreement. 
 
Given that the breakwaters are quite accessible for undertaking repairs, should damage from 
extreme events occur, a design wave height of say 1.8m would seem to be appropriate for use 
in the design of armour rock (size and/or mass) for this locality.  
 
To minimise overtopping of the breakwaters it is considered that the crest height can be based 
on the following criteria derived from Fig 7.13 of Linsley and Franzini "Water-Resources 
Engineering": 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Run up has been based on a relatively permeable rubble mound with batters of 1 vertical to 2 
horizontal. 
 
The wind generated tide increase is for that developed locally within Murat Bay. 
 
The heights tabulated above are applicable to the ends of the breakwaters where the water 
depths are greatest. The height requirements will reduce at the onshore end of the breakwaters 
where the depths and hence wave heights will be reduced.  
 
The final assessment and adoption of appropriate crest heights will depend on the degree/risk 
of overtopping during extreme events and the consequences of any overtopping. 
 

2.7 EDGE TREATMENT 
Edge treatments for all waterways will be local rock (riprap) placed on a geotextile fabric 
designed to protect the banks from erosion due to wind and boat generated waves.  
 
 

 

Fetch 9km (5.6 miles)           
Wind Velocity Vw km/hr 30 40 50 55.5 60 70 80 90 100 
  knots 16.2 21.6 27.0 30.0 32.4 37.8 43.2 48.6 54.1 
  mph 18.6 24.8 31.1 34.5 37.3 43.5 49.7 55.9 62.1 
Significant Wave 
height Zw ft 1.70 2.30 2.92 3.26 3.54 4.17 4.80 5.44 6.08 
(Equation 7-3)  m 0.52 0.70 0.89 0.99 1.08 1.27 1.46 1.66 1.85 
Wave period tw sec 2.70 3.06 3.38 3.54 3.66 3.92 4.16 4.38 4.58 
Wavelength  ft 37.2 48.0 58.4 64.0 68.6 78.6 88.4 98.0 107.5
Ratio of wave height 
to wavelength (Fig 
7.13)   0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.06 
Run up   m 0.41 0.56 0.71 0.79 0.86 1.02 1.17 1.33 1.48 
Wind generated tide 
increase Zs m 0.02 0.04 0.06 0.07 0.08 0.12 0.15 0.19 0.24 
Wave height + Run up + tide 
increase m 0.95 1.30 1.66 1.86 2.03 2.40 2.78 3.17 3.57 
Breakwater height above tide 
level           
of 1.19 AHD to prevent 
overtopping (HAT) 2.14 2.49 2.85 3.05 3.22 3.59 3.97 4.36 4.76 
of 2.32 AHD to prevent 
overtopping (100yr) 3.27 3.62 3.98 4.18 4.35 4.72 5.10 5.49 5.89 



 Ceduna Keys 
Engineering Assessment to EIS 

Project No. 100026 
 

 
30/05/2005 Page 8 Engineering Assessment Report.DSC Engineers.doc 

3. GEOTECHNICAL ASSESSMENTS AND MANAGEMENT 

3.1 PRELIMINARY SITE INVESTIGATIONS 
Coffey Geosciences have carried out a preliminary geotechnical investigation on the site.  This 
investigation was on the basis of eight test pits excavated with a backhoe on the 3rd June 2004.  
The locations of these test pits have been recorded by GPS and verified.  Coffey’s report 
describes the ground and subsurface conditions, together with key geotechnical issues for the 
development, and is attached as appendix B. 

3.2 ACID SULPHATE SOILS 
The South Australian Coast Protection Board, Coastline No33 dated January 2003, presents a 
strategy for implementing CPB policies on coastal acid sulphate soils in South Australia.  
Mapping of coastal acid sulphate soils has also been produced by the Department of 
Environment and Heritage Coast and Marine Branch in conjunction with the CSIRO.  This 
mapping indicates potential acid sulphate soils (ASS) associated with mangrove and intertidal 
zones along the shoreline of Murat Bay.  No mapping details are presented inland.  Inland 
regions of this site are lower than the 5m AHD, as outlined in the Coastline document, which are 
noted to require investigation, and as such have been considered within the context of the 
preliminary geotechnical investigations. 
 
The test pit observations suggest that there is relatively low risk of ASS, based on the observed 
soil profile.  Some further assessments will continue, particularly in the low-lying areas at the 
southern end of the site.  It is also noted that the CSIRO have undertaken testing of a location in 
this southern end of the site, as part of the earlier mapping work.  Their test indicated that there 
is sulphur present in the top 300mm of the soil profile at the test location.  These upper soils 
from the low lying area may therefore need to be managed with potential for ASS. 
 
The calcareous nature of the majority of the soils on site will assist in neutralising acids should 
they form.  In addition to minimising the oxidation of potential acid sulphate soils, mixing with 
calcareous soils would be undertaken to manage these effects. 
 
Extents of potential ASS would be determined more definitively from further geotechnical 
assessments, particularly any to be excavated from below groundwater level and used as site 
fill, and incorporated into construction management plans. 

3.3 GROUNDWATER 
Groundwater conditions on the site are controlled by its close proximity to the coast.  
Groundwater levels encountered during the excavation of preliminary test pits have found 
groundwater at or just above mean sea level, approximately 0.0m AHD, though fluctuations are 
expected due to tidal and seasonal changes.  Two groundwater monitoring bores established 
previously by Council on the east side of the site have found groundwater at approximately 
0.4m AHD. 
 
The quality of groundwater is also likely to be linked closely with the coastal environment, 
particularly given the sandy and highly permeable nature of the soils.  Samples have been 
taken during preliminary geotechnical investigations, which indicate very high salinity (TDS) of 
between 58,000 and 190,000. 
 
Department of Primary Industries and Resources SA (PIRSA) well information, indicates only 
one bore within the Ceduna township, one off Denial Bay Road, and clusters in Thevenard and 
some 6km north-east of town.  The salinity (TDS) is typically 4,000 to 10,000 mg/l, and up to 
56,000mg/l off Denial Bay Road.  PIRSA data is presented in appendix C.  There does not 
appear to be any use of groundwater resources in the vicinity of the site which could be affected 
by the marina construction works. 
 
Previous testing of groundwater on the east side of the site, organised by Council to assess 
potential impacts of the dump site to the east of the railway, has found traces of arsenic, 
chromium, lead and diesel.  Advice from the Department of Human Services, Hazardous 
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Substances Section, was that any slight exceedance of the Guideline values for Recreational 
Water Quality and Aesthetics would not be a concern because of the large dilution with 
seawater if the groundwater flowed into the marina.  It has been recommended that further 
testing verify the initial test results, and this has been done as part of the preliminary 
investigations.  Groundwater samples from three widely spaced test pits found similar levels of 
arsenic, but significantly lower levels of chromium, copper, lead and zinc to the earlier test. 
 
Groundwater levels are not likely to be affected significantly in the long term.  During 
construction of the marina basin, groundwater levels would be lowered locally, and this will be 
incorporated into construction management plans to stabilise earthworks batters and minimise 
settlement of surrounding areas. 
 

3.4 SEISMIC RISK 
Coffey’s report indicates the presence of loose sandy soils, which are considered to be 
potentially vulnerable to liquefaction during an earthquake.  It has been recommended that 
standard penetration testing of the natural subsurface materials be undertaken in future to 
further assess the level of risk to infrastructure and buildings. 
 
Earthquake hazard mapping of Australia, as presented in AS1170.4, indicates that Ceduna is 
located in the lowest risk area, with an acceleration coefficient of less than 0.03.  This value is 
noted to have a 10% chance of exceedence in 50 years.  Even with a high site factor to allow 
for soft soils, the required earthquake design categories to AS1170.4 are likely to be low. 
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4. ENVIRONMENTAL SITE HISTORY 

4.1 SITE DETAILS 
The site comprises land based allotments held in freehold by the District Council of Ceduna, 
together with an area within Murat Bay that is Crown Land under the care and control of 
Transport SA.  The proposed development would occupy land, including waterways, having a 
total area of approximately 230 hectares. 
 
The subject land can more specifically be described as follows: 
 
Address: Murat Bay, Ceduna, South Australia. 
 
Property Description: Allotment 20 in Deposited Plan 55492  

Area named Ceduna in the Hundred of Bonython. 
 
Allotment 22 in Deposited Plan 53902 
Area named Ceduna in the Hundred of Bonython. 

 
Title References: CT Vol 5830 Fol 638 &  

CT Vol 5835 Fol 121 
 
Local Government Authority: The District Council of Ceduna. 
 
Zoning: Recreation (Rec) Map: Ced/20, 

Rural Living (RuL) Map: Ced/10 & Ced /20 
Coastal (Cst) Map: Ced/10 & Ced /20 

 
Current Land Use: Predominantly vacant land, which includes section of the Eyre 

Highway, Quarantine Station and Oyster bar shop. 
 
Current Ownership: The District Council of Ceduna, PO Box 175, Ceduna SA 5690. 
 
Proposed Land Use: Marina, residential and commercial development. 
 

4.2 SITE INFORMATION 
The site largely comprises low-lying samphire flats.  The northern and southern ends of the site 
rise slightly above the flats, with little remnant vegetation. 
 
Regional geology of the area suggests predominantly calcareous sandy soils of the Bridgewater 
Formation.  This typically comprises sands with varying degrees of calcareous cementation and 
calcrete. 
 
The site is bounded on the northern and eastern sides by the Penong Thevenard railway line, 
which runs along an embankment across the low lying flats.  An aboriginal housing site lies to 
the south-east, between the development site and railway.  The town golf course lies 
immediately to the south of the development boundary. 
 
The Eyre Highway and Denial Bay Road currently extend through the site.  The Primary 
Industries and Resources of SA quarantine station, information bay and Oyster Bar are located 
adjacent the highway, between Denial Bay Road and the township of Ceduna. 
 
The area to the west of the highway, across to the shoreline, comprises both tidal flats and sand 
dunes.  This area contains saltbush, but also dune shrubs and small areas of coastal woodland. 
 
In addition to the facilities along the Eyre Highway, inspection of the site shows several distinct 
areas of activity, which are located on the site plan in Appendix C: 
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• An old slaughterhouse and associated holding yard 
• Motor cross/BMX track 
• Two areas which appear to have been quarried 
• Horse paddock and old stable area. 

 
The old slaughterhouse comprises a small shed, approximately 4m x 3m, with outlying 
verandas.  The shed itself is of concrete (cemented sands and shellgrit) with timber frame and 
galvanised iron roofing and a concrete floor.  There are no odours or remaining visual signs of 
slaughterhouse operations at the shed, only more recent squatting and camping.  The surface 
soil is sand and shellgrit, with some small rocks, charcoal, broken glass and metal fragments.  
Some 50m south of the shed is the old holding yard, which is little more than a oval shaped 
fence structure.  There are also two areas to the east of the slaughterhouse, in which dumping 
has occurred, primarily of building waste, galvanised iron, concrete, pipe work, old machinery, 
steel drums, etc. 
 
The motor cross track appears to have been formed recently, and comprises little more than 
shaped earth. 
 
Two areas appear to have been quarried; which appear as depressions in the landform, and 
both have a whitish rocky surface.  It is likely that limestone would have been quarried from 
these areas in the past.  One area lies to the west of the highway, opposite the quarantine 
station, and the other is within the high ground to the southern end of the site. 
 
The southern end of the site shows remnant fencing and feed troughs, together with other 
waste including old fridges, 44-gallon drums, a burnt out transportable hut and half of an old 
service station fuel tank.  This higher land contains some grass cover, and the area also shows 
signs of more recent camping. 
 
Preliminary geotechnical investigations have shown that the northern end of the site is very 
sandy, extending down beyond 3m.  The southern end of the site shows a clay surface, 
overlying calcrete and sands at depth.  Groundwater was encountered at depths of less than 
0.5m in the low areas, and generally at 0.0m to Australian Height Datum. 
 
A search of records held by Primary Industries and Resources SA (PIRSA) on groundwater 
information for registered wells within and the surrounds of the site was also conducted, in order 
to assess the potential for groundwater contamination in the area.  There are no records of 
groundwater bores established by PIRSA within the site.  The nearest bores to the site are 
located approximately 2.8 km to the west and 2.5 km south of the site labelled as bores 6533 23 
and 6533 51 respectively.  Bore 23 was established and tested in 1946 and bore 51 in 1958 and 
records indicate groundwater to be of poor quality at these locations at this time, having TDS 
levels of 56,106 mg/L and 4,455 mg/L respectively. 
 
In April 2004 The District Council of Ceduna undertook preliminary groundwater investigations 
at the site.  Two groundwater bores were installed halfway along the eastern side of the site 
adjacent the railway track.  Both wells were sampled and a composite sample of the two wells 
was tested for Metals, TPH’s, PAH’s, OCP’s and OPP’s.  The results indicated traces of 
Arsenic, Chromium, Copper, Lead, Zinc and Diesel (TPH fractions C15-C28) detected in the 
sample. 
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4.3 SITE HISTORY 

4.3.1 Land Titles Office Records 
The site is identified as Allotment 20 in Deposited Plan 55492 and Allotment 22 in Deposited 
Plan 53902 in the area named Ceduna in the Hundred of Bonython.  The current registered 
owners of the site are The District Council of Ceduna.  A copy of the current Certificates of Title 
are contained in Appendix C. 
 
A review of past and current records of ownership was undertaken at the Land Titles Office 
(LTO).  The information gathered from this search is summarised in Table 4.3.1 below. 
 
The LTO records indicate that the site east of Eyre Highway identified as Lot 20 (forming the 
larger two thirds of the subject land area) has been in ownership by Ernest Charles Saunders 
between 1924 and 1964 who was a Land Agent.  The land has then passed through various 
parties, likely adjacent landholders, until current ownership.  The land use appears to have been 
very limited in this parcel of land other then for some limited grazing, quarrying of limestone and 
keeping of horse stables in the southern part of the land. 
 
The LTO records indicate that the site west of Eyre Highway identified as Lot 22 (forming the 
smaller third of the subject land area) was initially granted to William Stagg in 1899 who was a 
labourer.  The land was then transferred in 1930 to James Grady of Tarcowie who was a 
farmer.  Between 1949 and 1964 the land was then owned by Walter Henry Sedgley, who was 
a butcher and grazier.  It is expected that during this time a slaughter house, still remnant on 
site today, would have been used at the site as described later.  Subsequently the land has then 
been owned by various farmers till current ownership.   
 
Table 4.3.1 
Lot 20 DP 55492 
Date CT 

Reference 
Ownership Comments/Assumed Land 

Use 
2000 5830/638 

5657/1295
737/376 

The District Council of Ceduna  Current (Esso Encumbrance 
discharged) 

1974-2000 5657/128 
4007/701 

Maxwell Robert Christie of 
Semaphore Park 

Branch Manager (Esso 
Encumbrance) 

1974-2000 4007/702 Vytautas Vincentas Patupas of 
Streaky Bay 

Road House Proprietor 

1971-1974 3744/145 Vytautas Vincentas Patupas of 
Streaky Bay  

Road House Proprietor 

1971-1974 3744/144 Maxwell Robert Christie of 
Semaphore Park 

Branch Manager (Esso 
Encumbrance) 

1970 3684/191 Maxwell Robert Christie of 
Semaphore Park  

Road House Proprietor (Esso 
Encumbrance) 

1970 “ Walter Karl Obersen of Ceduna Service Station Proprietor 
1970 “ Allience Acceptance Co Limited - 
1964-1970 “ Vytautas Vincentas Patupas of 

Streaky Bay 
Road House Proprietor 

1924-1964 1351/12 Ernest Charles Saunders Land Agent 
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Lot 22 DP53902 
Date CT 

Reference 
Ownership Comments/Assumed Land 

Use 
2000 5835/1215

782/655 
The District Council of Ceduna  Current (Esso Encumbrance 

discharged) 
1999-2000 5491/351 Dean Brenton Pilmore Annette 

Rhonda Karam 
- 

1980-1999 4157/438 Gilbert Wilfred Anderson Farmer 
1970-1980 4139/23 

3683/102 
Gilbert Wilfred Anderson Farmer (Leased from 

Laurence Leopold Hoffrichter) 
1964-1970 2214/182 Laurence Leopold Hoffrichter Farmer 
1949-1964 “ Walter Henry Sedgley Butcher & Grazier 
1930-1949 644/108 James Grady of Tarcowie Farmer 
1899-1930 “ William Stagg Labourer 
 
 

4.3.2 Aerial Photographs 
Aerial photographs dated 1958, 1968, 1980, 1988, 1998 and 2000 were viewed in Mapland.  
The photographs were inspected in order to indicate changes in land use over time, in both the 
subject site and adjacent land.  Copies of the 1958 and 1980 photos are included in Appendix 
C. 
 
A summary description of information obtained from the historical aerial photographs is provided 
below: 
 
Photo 1958 
The land is traversed by Eyre Highway which appears to be unsealed at this time and Denial 
Bay Road is also visible.  Southern quarter of the site east of Eyre Highway appears to be clear 
of any sizeable trees and a quarry with access from the south is evident about the centre of this 
area. Remainder of the subject land east of Eyre Highway appears to be marshy with a network 
of tidal tributaries spreading across the land area.  Land to the west of Eyre Highway is part 
vegetated north of Denial Bay Road and cleared for the remainder of the land northwards.  A 
large area of shallow sandy sea bed is evident across Murat Bay.  Areas surrounding the 
subject land appear to be predominantly cleared and to be agricultural with some remnant 
vegetation retained to the north of the site. 
 
Photo 1968 
This photograph shows the appearance of the railway corridor hugging the eastern boundary of 
the subject land.  Eyre Highway now appears to have been sealed.  Area of the subject land to 
the west of Eyre Highway appears to be cleared further. 
 
Photo 1980 
The border quarantine station along Eyre Highway is now evident.  A rectangular area is evident 
along the southern boundary of the site adjacent the existing horse stables area.  Sheds have 
been constructed at the western end of this area with an oval like feature resembling a holding 
pen for horses.  Land immediately north of Denial Bay Road appears to have been cleared.  
The information bay has been formed between the township and the quarantine station.  
Effluent ponds have been constructed to the southeast of the site. 
 
Photo 1988 
There is a ring road track around the quarry at the southern half the site.  The quarry to the west 
of Eyre Highway has increased in size.   
 
Photo 1998 & 2000 
No apparent changes in land features are visible. 
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4.3.3 Other Historical Information 
It is noted from locals that the slaughterhouse was used up until the 1950’s.  The operations 
were based on the purchase of sheep, together with the occasional pig or cattle, from local 
farmers, which were placed temporarily in the holding yard, then slaughtered and drained within 
the shed. 
 
From inspection of historical aerial photography the existing railway corridor along the eastern 
boundary of the site was constructed between 1958 and 1968.  This is the Penong to 
Thevenard railway, now used primarily for transport between the gypsum mines at Penong and 
the port at Thevenard. 
 
It was identified that limestone was quarried from the site in some locations.  From inspection of 
historical aerial photography, quarrying at these locations is evident to have occurred before the 
earliest available aerial photo taken in 1958. 
 
In the area of the old horse stables there appeared to have been informal agreements that 
enabled several other locals other than the owner, to run horses in this area.  Council have 
advised that since their purchase of the land in 1999, one lease was granted to continue this 
use.  The area has not been in use for the past 2 years. 
 
The Department of Primary Industries and Resources SA (PIRSA) quarantine station began its 
operation at its current location in 1971.  The stations operation involves inspection of all fruit 
and vegetables being transported between the West Australian and South Australian border to 
control the migration of insects, particularly fruit fly.  All confiscated fruit and vegetables are 
temporarily stored at the station in wheelie bins, which are then taken off site to the dump.  
Some chemicals are stored at the station, which include insecticides, pesticides, petrol, and 
diesel, which are housed in a dedicated chemical store shed in the back corner of the 
quarantine site.  The station operators have confirmed that all insecticides and pesticides are 
used off site only at the Ceduna dump site when disposing of the collected fruit and vegetable 
matter.  The diesel fuel which is stored has been for the operation of an incinerator, which has 
not been operated for the past 15 years.  Some petrol reserves are also kept for the powering of 
a generator for electricity back up purposes. 
 
The “Big Oyster Oyster Bar” was established adjacent the Eyre Highway in 2000, located 
between the township and the Quarantine station.  This is a transportable building with access 
and parking from the highway.  From discussions with the owners, the business operates as a 
shop/restaurant.  The everyday running of this business has no requirement for use of 
chemicals or disposal of any materials on site. 
 

4.3.4 Section 7 
An Environment Protection Authority (EPA) Section 7 clearance was performed on the site for 
the current title references CT Vol 5830 Fol 638 & CT Vol 5835 Fol 121.  The search has 
indicated that there are no: 
 

• Encumbrances affecting the land; 
• Environmental assessments held by the EPA affecting the land; 
• Waste depot licenses affecting the land; 
• Production of certain wastes licenses affecting the land; 
• Records of waste deposited on the land. 

 

4.4 ENVIRONMENTAL ISSUES 
The site history has identified that the land comprising the site consists of both marine and 
terrestrial environments and has predominantly remained undeveloped.   
 
Development of portions of the land has included the construction of Eyre Highway – a section 
of National Highway 1, which traverses the land and Denial Bay Road, which forms one of the 
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boundaries to the north.  Part of the land has also been used for farming activities including a 
slaughterhouse and horse stables. 
 
More recently a Quarantine station was established along the Eyre Highway and an Oyster bar 
shop. 
 
Potential sources of contamination include: 
 
• Temporary storage of insecticides at quarantine station; 
• Diesel fuel storage to power incinerator at quarantine station; 
• General dumping of rubbish, particularly old farming equipment and in the vicinity of the 

old fuel tank. 
 
Potential contaminants associated with the above sources of contamination include: 
 
• Organochlorine pesticides; 
• Total Petroleum Hydrocarbons (TPH) 
• Heavy metals. 
 

4.5 CONCLUSIONS AND RECOMMENDATIONS 
No significant land uses have been identified for the subject land.  On the basis of the 
environmental site history investigations undertaken, it is concluded that the site appears to be 
suitable for the proposed marina and community centre development. 
 
It is recommended however that further soil contamination investigations be undertaken locally 
at the rear of the Quarantine station to validate for any possible spills of insecticides stored at 
this location as well as any potential diesel fuel spills from the use of diesel fuel to power the 
site incinerator.  Similarly, localised investigations should occur in the vicinity of dumped 
materials to the west of the slaughterhouse and near the site southern boundary, particularly for 
potential of heavy metals and petroleum hydrocarbons.  This work should be undertaken in 
accordance with the National Environmental Protection Measure (NEPM) (NEPC 1999) and SA 
EPA guidelines on site assessment (SA EPA 1995 and 1997). 
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5. STORMWATER MANAGEMENT 

5.1 OBJECTIVES 
The new development is intended to deal with stormwater as near as practical to the source.  
This water is to be utilised as a resource where practical, both to minimise the size (and cost) of 
stormwater drainage systems and to minimise the pressure on the scarce water supply 
resources on the Eyre Peninsula. 
 
The stormwater drainage concept will manage the conveyance of runoff to minimise nuisance 
ponding, and to mitigate flood risk to property in up to a 100 year average recurrence interval 
(ARI) storm event. 
 
The other main objective is to minimise the potential impact of stormwater on water quality both 
within the marina basin and further out to sea. 

 

5.2 REGIONAL DRAINAGE 
The development site is largely low-lying samphire flats, shown on topographic mapping as land 
subject to inundation.  From the advice of locals, this area is subject to tidal inundation, though 
the extent has been somewhat restricted since the construction of the Eyre Highway in its 
current location.   
 
There are three potential drainage paths in the vicinity of the site conveying drainage from 
upstream catchments.  Upstream drainage is effectively controlled, given that the railway line 
which borders the site, is on a raised embankment around most of the proposed development, 
which intercepts overland flows and directs them through culverts in a defined flowpath.  The 
railway only goes through two small cuttings, one adjacent the aboriginal housing site and the 
other adjacent Eyre Highway, both of which would drain back to low lying areas to the north-
east.   
 
A galvanised steel culvert, approximately 1800mm diameter, conveys water beneath the railway 
line near the southern boundary of the aboriginal housing site, and is expected to drain back 
toward the golf course.  A 900mm diameter concrete culvert projects beneath the railway 
between stages 3 and 6 of the development, and provision is to be made for this drainage path. 
 
The northern end of the site is somewhat more sheltered by a ridge line approximately 1km up 
from Denial Bay Road.  A 225mm diameter steel drain culvert adjacent the highway, and a 
450mm diameter corrugated steel culvert further west, are the only drainage points beneath the 
railway from this area. 
 
The upstream catchments are all rural land, and as such are unlikely to produce any runoff in 
regular storm events.  It is only in major storm events, that the catchment is likely to generate 
any significant runoff. 
 
The District Council of Ceduna commissioned a ‘Ceduna Stormwater Study’ which was 
undertaken by Tonkin Consulting in 2002.  This study outlined the town drainage systems, with 
a focus on the management of stormwater pollutants and the catchment yield for stormwater 
reuse.  The study identified catchments B and R with potential for stormwater reuse, and both of 
these catchments drain to inland low points located in the south-east and north-east corners of 
the golf course.  The railway embankment and natural high point in the south-east corner of the 
proposed development site, effectively block any potential overflow path into the development.  
Both areas hold water during the winter months, and eventually soak away and/or evaporate. 
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5.3 WATER SENSITIVE URBAN DESIGN MEASURES 
The following section ‘Rainwater and stormwater reuse’ is focused on measures proposed 
within allotments, and the development as a whole considered on a larger scale for larger reuse 
applications.  The items outlined here identify local measures which may be considered along 
the subdivision roadways.  The following list outlines options outlined in research literature 
together with a brief outline of the feasibility of each option. 
 
The use of vegetated swales rather than kerbing has been used elsewhere as a form of pre-
treatment, with grass cover filtering pollutants, and enabling some infiltration along the flow 
path.  At Ceduna Keys, the road reserve widths are now fixed by allotment boundaries, and 
there is limited space available within the development for this approach.  It is intended to use 
swales along the Eyre Highway, and these could be vegetated, provided there are suitable soils 
and/or salt tolerant species available.  The low rainfall climate of Ceduna will also need to be 
considered in sustaining such vegetation.  Vegetated swales also require water depths to be 
kept relatively shallow for them to act as a filter, and the ability to achieve this around the Eyre 
Highway will be limited by grading constraints. 
 
Infiltration of stormwater, whether it be direct from swales, open channels, dryland infiltration 
basins, gravel filled soakage trenches or underground storage cells such as Atlantis, could be 
encouraged.  The preferred location for soakage systems is in non-trafficable areas, which is 
limited on this site to the reserve strips and buffer adjacent the Eyre Highway.  On-site soakage 
of runoff within individual allotments is also proposed (refer ‘concept design’). 
 
Porous pavements can comprise block paving which is formed with small gaps between pavers 
to enable soakage of stormwater to sand and gravel base layers below, and ultimately through 
to the underlying ground.  Such pavements are only suited to areas with light traffic loading, and 
as such are encouraged for carparking areas within the commercial premises, rather than 
roadways.  These systems are also prone to clogging failure when the sediment load is 
moderate or high, which would be a significant risk prior to development of sites and 
establishing new vegetation. 
 
Kerbline turf strips, a minimum of 400mm wide would assist to reduce the sediment and 
pollutant load in stormwater from verges running into the kerb and gutter.  This is to be 
considered further in conjunction with landscaping details. 
 
Linking of drainage from kerb inlet gullies to water street trees has been undertaken on a small 
scale elsewhere.  This would involve placement of inlet pits adjacent street trees, with water 
piped into a permeable layer from which the tree can draw water, and an agricultural drain to 
direct excess water back into the underground drainage system.  The feasibility of this option is 
dependent upon landscaping plans, suitable tree species in this coastal environment, and 
associated costs, which would need to be considered at a design phase of the project. 
 
Gross Pollutant Traps, whether they be inline (within individual inlet pits) or end of line facilities 
prior to discharge to basins or waterways, would be used where required to protect downstream 
areas, and facilitate trash removal by Council.  In addition, silt and oil traps may also be 
considered in series with a GPT in specific locations where the condition of a receiving 
waterway and its ecosystems are sensitive to potential stormwater pollutants. 
 
Constructed wetlands require large areas of land, and an appropriate cycle of wetting and drying 
to sustain the necessary macrophytes and other aquatic life.  There are no large available 
spaces for a wetland within the development.  Stormwater flows would also be unreliable, and 
assuming most rainwater (from the smaller but more frequent rainfall events) is held on 
allotments, the value in developing wetlands externally for a relatively small amount of runoff 
would be prohibitive.  The nature of the site would also require several holding basins and a 
large pumping scheme to even get all runoff to a common location.  The provision of 
constructed wetlands to this proposed development is therefore not considered to be feasible. 
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5.4 RAINWATER AND STORMWATER REUSE 
It is strongly recommended that all new development within Ceduna Keys provide rainwater 
tanks to collect all roof runoff.  To maximise the use of this resource, it could ideally be plumbed 
into each residence, for use particularly in toilet flushing, bathroom uses, laundry and hot water 
system, as well as providing for outdoor use.  Plumbing into residences could provide a 
continual use, extending through the winter months when little water tends to be used outdoors.  
In the low rainfall climate of Ceduna, this also uses the resource when available, to minimise 
draw on mains water supplies.  National Environmental Health Forum Monographs ‘Guidance 
on the use of rainwater tanks’, 1998, and DEHAA ‘Rainwater Tanks …….their selection, use 
and maintenance’, 1999, both outline the selection of tanks for various roof areas, water 
demands and levels of security of supply, together with maintenance issues. 
 
Other commercial products are also coming onto the market for the storage and reuse of 
rainwater.  Several of these products, together with research and trial data are outlined in the 
joint Australian Water Association and CSIRO research paper ‘Innovation in on-site domestic 
water management systems in Australia: a review of rainwater, greywater, stormwater and 
wastewater utilisation techniques’, April 2004. 
 
Opportunities for collection and reuse of rainwater on the proposed commercial and medium 
density housing sites could be investigated once more definitive concepts are established for 
each of these sites. 
 
Stormwater runoff from road reserves is likely to require more pretreatment than roof rainwater 
collected on sites if intended for reuse.  This runoff would also be directed to a number of 
collection basins around the site, the locations of which would be dictated by the topography 
together with the grading of reclaimed land.  The basins enable sediments to settle out.  Each of 
these basins is likely to be relatively small, given the need to split catchments, and the limited 
open space available in the low lying areas, so effectively limits the capture of significant storm 
events.  Small basins only provide limited balancing storage for pump out to more suitable 
storage facilities.  Soakage and evaporation losses would be expected from each storage area, 
and in some instances where soils are particularly sandy, there would be significant losses.  To 
reuse this water would realistically require pump out from each collection basin, with rising 
mains around the extremity of the site to a dedicated storage basin offsite.  The feasibility of 
stormwater reuse from such a concept is likely to be poor, and would need to be investigated 
further if still considered desirable. 
 
The Council study of town stormwater identified two catchments, B and R, with reasonable 
opportunities for stormwater reuse.  In both of these catchments, large storage dams are 
required, and the golf course and football oval were noted as possible sites for reuse.  While 
such schemes could be developed, it was noted that when compared with the cost of using 
mains water at $1/kL, the benefit-cost ratios highlight that such schemes are not economic.  The 
study concluded that town effluent reuse was likely to provide larger volumes, a more reliable 
supply, and a more economic option. 
 
The feasibility of utilising aquifer storage and recovery (ASR) was also outlined in the town 
study.  It was noted that the aquifer is unconfined, and issues would be expected with recovery 
given the high salinity of the native groundwater.  The rate and duration of recharge may also 
be limited, but would require further geotechnical investigation if this concept is to be considered 
any further. 

 

5.5 CONCEPT DESIGN 
It is proposed that all new allotments have rainwater tanks to collect all roof runoff.  This is 
intended to minimise the discharge of stormwater from developed areas.  Control over allotment 
scale management of rainwater will be through land management agreements. 
 
Overflow pipes from the rainwater tanks are intended to be connected directly to the marina 
waterways in most situations, without any interception of surface water within the allotments, so 
as to maintain a high quality of water discharge.  For inland allotments, and particularly where 
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road runoff can be collected for reuse, tank overflows may be directed back to the adjacent 
street kerb. 
 
It is expected that allotments would be graded with a portion grading back to roadways, and the 
remainder draining toward the waterways.  No runoff shall flow directly into waterways, but be 
contained by a surface plinth and drainage system with some minor ponding and eventual 
discharge via soakage systems.  Gross pollutants such as leaf litter and sediments should be 
filtered out to minimise blockage of the soakage systems.  Overflow to waterways would only be 
in large storm events. 
 
It is intended that all commercial and medium density housing sites also incorporate means for 
onsite retention of stormwater, and reuse where possible.  This may include rainwater tanks, 
porous pavements and/or onsite soakage systems.  Opportunities for collection and reuse of 
rainwater on the proposed commercial and medium density housing sites could be investigated 
once more definitive concepts are established for each of these sites. 
 
Roadway drainage is proposed to drain back toward the mainland where possible, in order to 
direct this runoff to swale systems and/or basins.  This concept requires road levels out on the 
individual peninsulas to be raised in order to grade back.  This conflicts with the objective to 
maintain surface levels as near possible to the required minimum development levels, for 
aesthetic reasons as well as optimising access from landowners to the waterways.  To strike a 
form of compromise, it is proposed that roads be graded back toward the mainland with a 
maximum ground level in the order of 4.0m AHD.  Grades of roads and of underground 
drainage systems will need to be kept at a minimum.  Where this is not feasible, roadway 
drainage will need to discharge into the marina basin.  In these locations, pollutant traps will be 
placed to improve the water quality prior to discharge.  It should also be noted that the flat 
grades around the majority of the site will keep flow velocities low, and thereby also minimise 
scour. 
 
Stormwater collection basins, where feasible, will provide a means for dissipation of roadway 
drainage through soakage, and may incorporate a nominal ponding volume below any pipe 
outlet, so as to enable some sedimentation prior to discharge.  Other gross pollutant traps, 
and/or silt traps could be incorporated if required.  Basins in some locations, particularly the 
south-west area of the site, adjacent the golf course, may also be utilised for storage of 
stormwater for reuse where feasible. 
 
Conventional table drains, surface swales and depressions are proposed adjacent the Eyre 
Highway.  These provide low cost drainage, as well as encouraging infiltration, and with 
vegetation would encourage filtration of runoff also.  These open drains adjacent the highway 
would also inadvertently provide a detention buffer for accidental spills from vehicles.  The 
greatest risk for chemical spillage would be along the Eyre Highway, particularly at junctions. 
 
The above concept effectively reduces the quantity of stormwater runoff to the marina.  The 
table below outlines the land uses with discharge to the marina without some form of storage 
area to intercept the small, regular rainfall events.  This indicates approximately 20% of the site 
will have direct discharge to the basin, and this would all pass through pollutant traps.  Given 
the high level of tidal flushing of the marina, any effects are likely to be localised and transitory. 
 
Land Use % of Site % Direct Discharge Totals 
Allotment roofs 12.5 0 0 
Allotment (ground) 25 20 say 5 
Commercial sites 32.6 20 say 7 
Roads 20.3 40 8 
Green areas 9.6 0 0 
Total 100  20 

 
Some drainage path would still be required to allow major storm overland flows to escape to the 
marina, once the roadway and underground drainage system flow capacity is exceeded.  This 
will be a combination of gutter flows, swale drains and culverts sized for up to 100 year ARI 



 Ceduna Keys 
Engineering Assessment to EIS 

Project No. 100026 
 

 
30/05/2005 Page 20 Engineering Assessment Report.DSC Engineers.doc 

flows.  Easements may be required where overflow paths to the marina are landlocked by 
presold allotments. 
 
All development will also be above the 100 year ARI storm tide level of 2.32m AHD.  Tide levels 
above the highest astronomical tide of 1.19 may reduce discharges from some pipe drainage 
systems, depending on the outfall level, however this risk of these events coinciding are lower. 
 
The existing culverts providing drainage from the rural areas across the railway line will be 
extended through this development.  Serving rural land, these culverts are assumed to be for 
dealing with major storm events, given that regular rainfall events will be dissipated through 
infiltration, with very little surface runoff.  Small bunds or basins could be provided adjacent the 
culvert inlets to facilitate sedimentation of low flows if required, and to prevent backflow in 
extreme high tides. 
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6. WASTEWATER MANAGEMENT 

6.1 SEWERAGE SYSTEMS 
The existing towns of Ceduna and Thevenard are served by the Ceduna septic tank effluent 
disposal scheme (STEDS).  This scheme is at maximum operating capacity and uses open 
surface lagoons situated adjacent to Goode Road for the treatment of effluent from the 
collection system.  Effluent is then stored in an evaporation lagoon, and some treated effluent is 
drawn off during summer for irrigation of the nearby golf course and sporting fields. 
 
The proposed Ceduna Keys development is intended to be served by a new sewer scheme.  
This eliminates the need for septic tanks on each allotment.  The new system would provide a 
series of gravity drains, and the topography will dictate the need for several sewer pump 
stations.  It is intended that the development be split into several catchments, with pumping 
discharge from one catchment discharging to gravity mains in the next.  The final pump station 
will deliver sewage to the existing treatment area adjacent Goode Road. 
 
While the new sewerage system is likely to be Council infrastructure, the design of this system 
will be to SA Water standards.  Pump stations will be to Council’s standard technical 
specification, so as to ensure consistency of maintenance and parts with the remainder of their 
systems. 

 

6.2 SEWAGE TREATMENT 
The existing treatment site location is still appropriate relative to the siting of this development.  
The treatment area is approximately 400 to 500 metres from the closest corner of the 
development, in a section proposed as a sporting area.  The distance to the nearest residential 
area is therefore even greater, and well above the minimum 350m required in DHS guidelines. 
 
It is Council’s intention to provide a new activated sludge treatment plant adjacent to the 
existing lagoons, with sufficient capacity to treat the Ceduna Thevenard STEDS grey water and 
the Ceduna Keys development black water.  The plant would discharge to the current lagoon 
area which will be retained, and deepened if necessary, to provide temporary storage of treated 
effluent. 
 
The project represents an opportunity for the upgrade of the town effluent treatment and reuse, 
together with the development in an integrated sewer scheme, to reduce pollution and maximise 
reuse of water resources in a controlled method. 

 

6.3 EFFLUENT REUSE FEASIBILITY 
Council intends to maintain secondary use of the treated wastewater, continuing to be utilised to 
irrigate the golf course and the Ceduna Sporting Club oval as well as replacing the potable 
water irrigation of the Ceduna foreshore and other landscaping areas within Ceduna.  The 
Ceduna Golf Course fairways and sporting club oval already receive treated effluent water, 
under an Irrigation Management Plan (IMP), and has done so for many years with no known 
detrimental effects. 
 
The IMP incorporates a monitoring and testing program for the treated effluent, and for soil 
analysis from each of the receiving irrigation sites.  In addition to health based criteria, this is 
established to monitor items such as conductivity, pH, and nutrient loadings, which are potential 
long-term environmental effects. 
 
As described in the IMP, the sites comprise a sandy soil profile with a pH of 9, which indicate a 
permeable, well-drained soil.  It is noted the irrigation areas are not prone to flooding.  The golf 
course fairways are noted to be kikuyu and couch grasses, and roughs are essentially native 
understorey from the original Mallee woodland.  These grasses have a moderate to high 
tolerance for salinity. 
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Groundwater below these sites is saline, and not known to be utilised as a resource.  
Nevertheless, testing and monitoring of groundwater quality should be incorporated into the 
established monitoring program to ensure there is no significant influence from effluent 
irrigation. 
 
A preliminary water balance has been determined, based on the estimated STEDS inflow from 
the existing Ceduna Thevenard system, and estimates on wastewater generation from the 
proposed Ceduna Keys development.  These estimates have considered a final development 
scenario only, with 382 residential allotments together with 2.3ha of townhouses, 8.3ha of 3 
storey apartment buildings and other commercial facilities.  Commercial apartments were 
assumed to be 70% occupied.  The system is likely to require a winter balancing storage of up 
to 90ML, which would be equivalent to deepening the existing effluent lagoons from 1.0 to 2.0m 
deep.  The system could ultimately deliver up to 210ML of treated wastewater for irrigation, 
which could provide for 30mm use per week during summer down to zero in winter, covering the 
golf course fairways (approx 19ha), together with the sports club, and an additional 5.5ha of 
reserves within the town. Various options for reconfiguring storage basins should be reviewed, 
as there would be potential to greatly reduce evaporation losses, and therefore increase the 
available supply to irrigation.  More accurate water balances can be prepared as further details 
of the development, treatment area, storage basins and golf course irrigation are determined 
and assessed. 
 
The above represents a large increase in wastewater use for irrigation of the golf course and 
oval.  It would be expected that irrigation systems, particularly inground pipework, balancing 
storage tanks and feed pumps on the golf course would need to be reviewed, and most likely 
upgraded to suit the new usage rates.  It is proposed to upgrade the golf course in conjunction 
with this project, so provides a good opportunity to incorporate this. 

 

6.4 MONITORING AND CONTINGENCY PLANS 
It is proposed, and Council will be ensuring that design and construction standards of all 
sewerage collection and pumping systems allow for: 
 

• Sufficient storage times to allow for back-up operation procedures to be put in place to 
minimise risk of overflows.  STEDS design criteria suggest storage provision for at least 
20% of the average daily flow.  As a guide only, a pump station serving 60 lots, with 
8m3 storage would hold peak flows for 2 hours, or 6 hours of average dry weather daily 
flow. 

• Dual pump systems are installed at each site. 
• Telephone dialler/pagers are installed to ensure operators are aware of any station 

faults 
• External power sockets are fitted to allow for the operation of the pump station utilising 

Council’s portable generating set during times of extended power disruption. 
 
Council has in place an emergency response and contingency plan for the Ceduna STED 
Scheme.  This plan remains appropriate to prevent, manage and mitigate pollution spills from 
the proposed development sewerage in various possible incidents. 
 
Should any overflows reach stormwater drainage systems, then the potential to limit outflow is 
area dependent.  Around the outside of the development, drainage systems will incorporate 
basins where possible, which would serve to capture sewage overflow before it is able to 
discharge to waterways.  On island or long peninsulas, it may be necessary to place sandbags 
across the drainage system, to minimise the impact of potential spills and associated cleanup. 
 
It should be understood that minor sewage leaks from underground pipework would be difficult 
to detect.  If there is reason to suspect any leakage, due to either saline groundwater infiltration 
into the effluent lines, or any signs of higher nutrient loadings in water, then investigations could 
proceed to determine the source and rectify any leak. 
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Council is also an active participant in oil spill response training that is held regularly at the 
Thevenard Port.  A wide range of clean-up systems and materials are maintained at the facility 
which can be called on in the unlikely event of a spill.  The Ceduna SES unit has a marine 
response unit who also participate in the oil spill response training. 

 

6.5 MARINA FACILITIES 
Wastewater collection facilities are intended to serve recreational and commercial vessels.  
Sewage discharge from boat holding tanks will be collected.  Suitable options for the collection 
systems are being reviewed in terms of the nature and operation of pipe systems, expected 
discharge flowrates, balancing storage volumes, and wastewater quality. 
 
A separate facility would be provided for the collection of ballast.  When required, pump out 
from holding tanks to mobile tankers could be undertaken. 
 
No slipways or boat ramps are provided for commercial or public use.  No dry dock boat 
maintenance facilities are therefore provided at Ceduna Keys.  Boat maintenance and hull 
cleaning while in water is prohibited, except under extraordinary circumstances as outlined in 
the EPA guideline on stormwater management for marinas, boat sheds and slipways.  Public 
boat ramps already exist further south, and a slipway at Thevenard. 
 
One refuelling area is intended to service both commercial and recreational boats.  Fuel storage 
tanks are likely to be underground, with supply lines and bowsers to the wharf.  Bunding and 
drip trays would be provided in areas such as around the bowsers where there is potential for 
leakage.  Emergency cleanup facilities should also be readily available, as outlined previously 
under contingency plans. 
 
Commercial facilities around the marina will need to develop their own site management 
procedures to minimise the potential for pollution of marina waterways.  This enables the plan to 
specifically identify activities relevant to each business which have potential for spillage and/or 
pollution of waterways.  It is noted that commercial fisheries now tend to operate with all 
outgoing seafood wastes contained in plastic wrapping or sealed vessels. 
 
All areas with the potential for process or chemical spillage would be appropriately bunded, and 
would ensure that general site stormwater runoff is excluded from the designated area.  Any 
area washdown is to be contained and pretreated prior to discharge to either sewer or separate 
wastewater facility.  The arrangements would be in accordance with current best practice and 
the EPA guidelines on stormwater management. 
 
 

7. ROADS AND TRAFFIC MANAGEMENT 
The proposed realignment of the Eyre Highway and Denial Bay Road has been identified, and liaison 
with Council and Transport SA has shown no major objections.  Liaison will continue to establish and 
confirm requirements for the design and construction of these major roads.  The standards of 
Transport SA would be adopted. 
 
The development will have a limited number of controlled access points from the Eyre Highway.  This 
will minimise impacts on traffic flow and improve road safety.  Junction treatments, including those with 
Denial Bay Road and realignment near to the railway crossing will be developed in consultation with 
both Council and Transport SA. 
 
Construction access to the site will also be limited, and controlled with appropriate signage and 
facilities to minimise disruption to through traffic, and to maximise safety.  This will be incorporated into 
a construction management plan. 
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8. INFRASTRUCTURE AND SERVICES 

8.1 WATER SUPPLY 
SA Water mains currently extend through the site parallel to the Eyre Highway.  Near the Denial 
Bay Road junction, there is a changeover to Water West under the control of Council, and 
takeoff to the Ceduna – Koonibba water supply project.  Council are continuing liaison with SA 
Water regarding the relocation of this point, and supply to the proposed development. 
 
The inclusion of rainwater tanks on each allotment is expected to minimise the demand on SA 
Water potable water supply.  ‘Rainwater Tanks… their selection, use and maintenance’ 
indicates that in-house water use is typically 127L/p/d based on Adelaide consumption figures.  
Waterproofing Adelaide figures also suggest that 40% of residential use is for gardens and 
other outdoor uses.  A 3 person household is therefore likely to use 139kL/yr inhouse, and up to 
92kL/yr outdoors, though this may be reduced with the use of water saving fixtures and 
attitudes.  By comparison, a rainwater tank served by a roof area of 250m2 would supply up to 
55kL per year in Ceduna with 300mm average annual rainfall.  The use of rainwater tanks could 
therefore reduce the demand on mains supply by the order of 25 to 30%, though this is 
expected to vary with the level of occupancy, connected roof areas, and peoples attitudes to 
water conservation. 
 

8.2 POWER AND TELECOMMUNICATIONS 
Overhead power lines extend between stobie poles along the Eyre Highway road reserve, 
across parallel to Denial Bay Road, parallel to the railway at the northern end of the site, and 
parallel to the southern site boundary.  A series of stobie poles are located just to the north of 
the aboriginal community housing site to the south-east of the site.  It is noted that supply from 
the ETSA substation is situated adjacent Goode Road, approximately 600m from the site. 
 
Liaison with ETSA Utilities has enabled some forward planning and a speculative quotation for 
the provision of power supply to the proposed development.  Further liaison will clarify 
requirements for the relocation of overhead lines to suit the proposed development layout. 
 
Telstra main cable (optic fibre) routes currently extend through the site, nominally along the 
eastern side of the Eyre Highway road reserve.  Major cables also extend along the northern 
side of Denial Bay Road.  Council has initiated liaison with Telstra on the relocation of these 
services, in addition to the future servicing of the development. 
 
Telstra local (minor) cable also currently extends along the Eyre Highway, from the southern end 
of the site, up to the approximate location of the Quarantine Station.  This local cabling would 
become redundant when the Quarantine Station and Oyster Bar relocate. 
 
An additional optic fibre communications line, an asset of IP1 (Australia), extends around the 
site parallel to the railway, which is advised by Council to have been installed within the site, but 
within 3m of the boundary.  This line will need to be accurately located, and is to be retained 
within the proposed road reserves of the development. 
 

8.3 GAS SUPPLY 
There is currently no reticulated gas supply within Ceduna.  Origin Energy have expressed 
interest in the project, and liaison is continuing with them on the feasibility of a new system for 
the development and possibly supply back into the town. 
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8.4 RETICULATION INFRASTRUCTURE 
Services infrastructure within the proposed development would be designed and constructed in 
accordance with the requirements of each service authority.  Electrical and communications 
reticulation infrastructure would be installed underground in a shared trench, in accordance with 
standard common service trench (CST) arrangements.  The layout and design of all 
infrastructure would incorporate best practice, based on current approach to systems, an 
understanding of land development issues and current design standards and guidelines. 
 

8.5 SOLID WASTE MANAGEMENT 
Waste collection will be provided via a weekly 240 litre sulo bin utilising Councils robotic arm 
compactor. 
 
Recycling of the following items is catered for with off site collection depots accepting the 
following items: 

• Ceduna Refuse Depot: all metal and whitegoods, green waste, automotive oil. 
• Ceduna Can Bottle Depot: container deposit items, glass, PET recyclable plastic 

products. 
 
Further recycling opportunities are being investigated with the assistance of Zero Waste SA. 
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9. CONSTRUCTION MANAGEMENT 

9.1 CONSTRUCTION ITEMS 
 
For a pictorial representation of the main construction activities and their sequence refer to 
sketches 1 to 4 attached in Appendix E. The following list although not exhaustive contains the 
main construction activities and summarises how the associated management issues will be 
addressed:  
 
DIVERSION OF EYRE HIGHWAY AND DENIAL BAY ROAD 
Construction of the proposed diversions for Eyre Highway and Denial Bay Road along their 
proposed new routes will be required before the waterway links to Murat Bay can be completed. 
Clearing, filling, compacting and pavement construction activities will be carried out using 
normal road building techniques incorporating the control of dust and stormwater. 
The existing communications, power, water and any other services that exist within the current 
road corridors will be either diverted along the new routes or laid below the new waterway 
invert. 
Upon completion of the connections between the existing and new roads, traffic will be diverted 
and the old roads closed to prevent public access on to the site. 
 
EARTHWORKS - LANDSIDE 
Cutting and filling will be required to create the waterways and the landforms to the extent and 
condition required for development purposes. 
 
Based on the geotechnical investigations undertaken at this time it is anticipated that 
conventional earthmoving techniques using dozers, tracked excavators, trucks and/or scrapers 
will be appropriate for this work. 
 
The geotechnical investigations undertaken also indicate that the materials excavated from the 
waterway areas will be suitable as fill in the residential and other development areas.  
 
The investigations also revealed that the groundwater is located at a depth equivalent to about 
mean sea level. 
 
The work will need to be undertaken in the dry therefore dewatering of the excavation by 
pumping from a purpose built, low lying location will be necessary. The water will be discharged 
into a custom-built detention pond constructed from earth bunds.  
 
The pond will be configured to enable general turbidity levels to drop below that required for 
discharge into a marine environment. The pumps will also handle any stormwater that enters 
the construction site. 
 
Where portions of the site require remediation for environmental reasons these areas will be 
isolated and treated before release for general earthmoving activities. 
 
The contractor will be required to prepare and implement a construction management plan 
incorporating among other things measures for the control of dust, stormwater, noise, safety 
(public and construction workers) and dewatering discharges. 
 
Until the Eyre Highway diversion is complete the contractor will be required to restrict 
earthmoving activities to either side of the highway to minimise the movement of earthmoving 
equipment or trucks across the roadway. 
 
Access with appropriate signage from the site on to Eyre Highway will be limited to one or two 
predesignated locations selected and designed by a traffic engineer.  
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EARTHWORKS - ENTRANCE CHANNEL 
Seaward of the breakwaters the entrance channel will be excavated to -3.5m AHD either by a 
barge mounted excavator with spoil barged to shore or by dredge with spoil pumped to 
appropriately sized onshore holding basins. The former method is preferred and is more 
suitable for rock or hard ground conditions.  Investigation of the offshore ground conditions, 
particularly the extent of silts, clays and rock is required to clarify this approach.  Protection of 
the batters should not be required as they are always submerged in these deeper waters.  
Turbidity of the local water would be monitored. 
 
BREAKWATERS 
Construction of the breakwaters will be one of the early components of the works and can be 
concurrent with the relocation of the highway. 
 
Core construction by end tipping will commence at the shoreline and proceed out along and to 
the required line and length. No disturbance to areas outside of the breakwater footprints other 
than at the entrance channel and at the shoreward links will be required or permitted during 
construction. 
 
The core will be primarily constructed from crushed rock or paddock limestone to minimise 
turbidity. Sub armour will be placed immediately to protect the core followed later by the outer 
armour layer. 
 
Both breakwaters will be joined initially to enable the landside of the site to be dewatered. If 
excessive leakage under or through the core occurs, a trench backfilled with clay would be 
constructed through the core to the depth required.  
 
Rock that is suitable for breakwater construction will likely be sourced from existing quarries 
within about 40km or so from the site.  
 
BATTERS 
All edges within the waterways will be constructed to a slope of one vertical to two or three 
horizontal and protected from the action of wind and vessel generated waves by a geofabric 
filter cloth under a 600 to 700 mm thick layer of rock (riprap). The source of rock will be similar 
to that used for the breakwater armour. The riprap will extend below the lowest tide level to 
provide protection from propeller wash.  
 
A small concrete or sandstone retaining wall will be provided at the top of the riprap mainly for 
aesthetic purposes but can also function as a launching point for pontoon gangways. 
 
EARLY INFRASTRUCTURE WORK 
Installation of infrastructure within the waterways or below tide levels will, where possible, be 
undertaken prior to breaching of the breakwaters.  
 
Interim stormwater runoff and erosion controls such as earth bunds, swales and sedimentation 
basins will also be put in place for the period prior to the installation of roads and services.   
 
INFRASTRUCTURE 
Management of the constructions of roads and services, which will be undertaken in stages 
commencing from the south, will include the control of stormwater, erosion, dust, noise, access 
and safety. Access to the site from the Eyre Highway will be restricted to predesignated 
locations and closed off to the general public. 
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9.2 SITE MANAGEMENT 
The following requirements will be included in the specification for the construction of the works. 

 

9.2.1 Construction Proposals 
Requirement:  Submit for review the methods and equipment proposed for the earthworks, 
including the following: 
 

• Excavation methods, stages, clearances, batters and temporary supports. 
• Dewatering and groundwater control and disposal of surface water. 
• Soil erosion and drainage management plan. 
• Control of all unsuitable fill materials, waste and contamination. 
• Dust control. 
• Stockpiles and borrow pits. 
• Sources of imported filling. 
• Placing and compaction methods and stages. 

 

9.2.2 Extent of Disturbed Areas 
Site Access:  Access to the site will be available only as directed.  Access will be restricted to 
controlled egress points to surrounding roads. 
 
Compound:  Confine all site accommodation, materials storage, and construction equipment not 
in use and/or repairs to a designated site compound.  Locate the compound to minimise 
nuisance to the surrounding area, to the approval of Council. 

 
Proximity:  Confine machinery operations to a maximum of 10 m from all areas to be 

excavated. 
 

Haul Roads:  Prior to starting any operations on site, submit a marked up site plan showing the 
locations of temporary haul roads.  Upon approval, peg the route of these roads and confine all 
future operations by plant and equipment to these areas. 

 
Re-establishment:  Restore disturbed compacted or spoiled ground not required to be varied as 
part of the works to the condition existing at the commencement of the work. 

 
Damage to roads:  Repair any damage to roads or other structures caused by the actions of the 
Contractor in executing the works. Maintain the existing streets in the area in a clean state to 
the satisfaction of the local Council. 
 

9.2.3 Potential Acid Sulphate Soils 
Identification:  Have extents of potential acid sulphate soils identified by the Engineer, including 
surface soils in low lying areas and mangroves.  Stake these areas on site. 

 
Location:  Where possible, place potential acid sulphate soils in low areas where they may be 
submerged. 
 
Timing:  During construction, keep these soils in-situ in tidal zones, and minimise the length of 
time for which they are drained and exposed to air. 

 
Treatment:  Mix with calcareous materials, and place as directed by the Engineer, dependant on 
the suitability of the soil for use as engineered fill. 
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9.2.4 Existing Trees 
General:  The locations of trees which are to be removed during the works period will be shown 
on the Drawings.  Identify the locations of trees to be retained and erect temporary protective 
fences and tie battens and markers to the trunks to ensure that they are not damaged above or 
below ground.  Additional trees or areas of trees to be retained and protected may be identified 
at any time during the works period. 

 
Protection of Trees:  Protect any groups of trees which are within the proximity of the works and 
which may be damaged by the works with temporary fencing located outside the drip line (ie 
crown of the tree).  Protect any single trees which are within the proximity of the works and 
which may be damaged by the works with appropriate measures. 

 
Do not drive vehicles, store materials, carry out earthworks or any other activity including 
refuelling of plant, under the crown of trees which are to be retained.  Seek guidance if it is not 
practical to comply with the conditions above. 

 
Roots:  When any excavation is required in the vicinity of trees to be retained, hand excavation 
shall first be made to locate any roots.  Roots which are then seen to be affected by the line of 
the proposed work shall be cleanly severed clear of the work before machine excavation 
commences, and the cut sealed with an approved tree wound sealant.  The roots to be severed 
shall be sawn cleanly; an axe shall not be used. 

 

9.2.5 Erosion Control 

Requirement:  Plan and carry out the work to avoid erosion, contamination and sedimentation of 
the site, surrounding areas and drainage systems. 
 
Necessary measures:  Adopt such measures as may be necessary for erosion control, including 
the following where applicable: 

• Staging of operations (eg clearing, stripping). 
• Temporary drains and catch drains. 
• Diversion and dispersal of concentrated flows to points where the water can pass 

through the site without damage. 
• Spreader banks or other structures to disperse concentrated run-off. 
• Temporary silt fences and/or hay bales. 
• Sedimentation ponds. 

 
Maintenance:  After each rain inspect, clean and repair temporary erosion and sediment control 
works if required. 
 
Removal:  Remove temporary erosion control measures when they are no longer required. 
 

9.2.6 Protection of People, Property and Structures 
General:  Maintain in their places and protect from damage all pipes, poles, conduits, walls, 
fences, buildings, railway, and any other structures, utilities and property within the vicinity of 
work. 
 
Dewatering:  Monitor as necessary to ensure no excessive movement of the adjacent railway 
line or buildings, particularly due to dewatering of large areas. 

 
Notice:  Give due notice in writing to the owner of any property or utility that may be affected by 
construction operations prior to commencement of such work.  Liaise with the relevant 
authorities to determine acceptable protection measures. 

 
Existing services:  Should alterations to existing underground services be required by nature of 
the design, make the necessary arrangements with the appropriate authorities for the 
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alterations having first provided 7 days notice.  All existing services shall be protected from 
damage and interruption during construction and shall always be accessible. 

 
Approval:  Do not excavate by machine within 1m of existing underground services without prior 
approval. 
 
Warning devices:  Supply, erect and maintain for the duration of the work all warning devices, 
lighting, road signs and the like, in accordance with AS 1742.3: Traffic Control Devices for 
Works on Roads. 
 
Site security:  Provide proper and adequate safeguarding of the works, including both fixed and 
unfixed material on the site, during both working and non-working hours.  Take all measures 
including the provision of warning lights, fencing and the employment of a watchman or 
watchmen and/or safety patrol services as may be necessary for this purpose. 
 
In particular, take all steps necessary at all times to safeguard and ensure the safety of any 
person who may enter or trespass upon any part of the works. 
 
Provide fencing or barriers to prevent or limit access to the works and in particular to prevent 
access of unauthorised motor vehicles to the works area. 
 

9.2.7 Dewatering 
Methods:  Provide and maintain the means and equipment required to sustain water at levels to 
suit chosen methods of excavation, and to dispose of water entering the excavation and other 
parts of the work. 

 
Disposal:  Ensure that water deviated due to construction work is prevented from entering or 
adversely impacting on adjoining property by way of suitably constructed swales or other means 
of redirecting flows.  All water within the marina excavations is to be controlled internally, and 
contained in sedimentation basins to ensure suitable water quality prior to discharge to Murat 
Bay.  All disposal of water shall conform to an approved soil erosion and drainage management 
plan.  Pumped discharge from settling ponds would be monitored to conform to EPA 
requirements. 

 
Surface drainage:  Provide and maintain slopes, bunds and drains as required to ensure 
satisfactory drainage and to prevent stormwater from entering excavations.  Protect freshly laid 
work from water damage. 
 

9.2.8 Spoil 

Off site disposal:  Remove the following materials from the site, to a location agreed with the 
Superintendent and Council: 

• Surplus excavated materials 
• Excavated material not reusable as filling 
• All perishable material, rubbish and debris resulting from site clearing 

 
Burning:  Do not burn any material on the site. 
 
General:  Disposal of all material shall conform to EPA requirements. 
 

9.3 OPERATIONS 
Take appropriate precautions to minimise noise, dust, mud, vibration and any other nuisance.  
Obtain agreement with appropriate authorities with respect to roads which may be used for 
importing materials and removing spoil.  Clean the wheels of vehicles as necessary to ensure 
against spoiling of local roads.  Clean all roads affected by construction activities to the 
satisfaction of the Superintendent. 
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Do not use explosives without written permission of the Engineer.  Where use of explosives is 
permitted surveys of surrounding structures shall be made in the presence of the Engineer and 
a record made with photographs taken as may be necessary.  Monitoring of the situation shall 
be carried out and all necessary making good provided. 
 
The location of the Contractor's compound and stockpiles of material shall be subject to 
approval. 
 
Organise and conduct work so as to minimise inconvenience to residents near the site of the 
works by the control of noise, vibration, dust, mud and any other nuisance.  Plant shall be fitted 
with effective silencing equipment. 
 
In particular, the following conditions shall be observed: 

• Noisy machinery operating between the hours of 7.00 pm  to 7.00 am or at any time on 
a Sunday shall be deemed to be an inconvenience to residents near the site of the 
works. 

• If it is necessary to operate pumps or other noisy machinery close to a residence near 
the site of the works between the hours of 7.00 pm to 7.00 am or at any time on a 
Sunday, such machinery shall be electrically powered or otherwise effectively silenced. 

 
Work on site on Sundays shall not be scheduled or proposed on a regular or a casual basis 
except in an emergency such as flood, accident or power failure.  In the event of a crisis in 
which life or property may be at risk immediate action may be taken and reported as soon as 
practicable. 
 
All work shall be conducted so as to ensure the least possible obstruction to traffic.  The 
convenience of the public and the protection of persons and property are of prime importance 
and shall be provided for in an adequate and satisfactory manner. 
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1. INTRODUCTION 

This report describes the results of a preliminary geotechnical investigation carried out by Coffey Geosciences 
Pty Ltd (Coffey) at the proposed site of the Ceduna Keys Waterfront and Marina Developments, Ceduna. 

The investigation was commissioned by Mr Brett Aesche of Dare Sutton Clarke (DSC) in a facsimile dated 
14 May 2004 (Project Number:  100026, Reference Number:  003).  The scope of the investigation was 
broadly consistent with a proposal prepared by Coffey dated 14 April 2004 (Reference:  ADP2257). 

It is understood that the aim of the preliminary geotechnical investigation is to identify key geotechnical issues 
relevant to the design and construction of the project. 

This report describes the investigation undertaken and summarises the subsurface conditions encountered.  
Recommendations relating to key geotechnical issues are presented in Section 4. 

2. OUTLINE OF THE INVESTIGATION 

2.1 Field Work 

The field investigation was carried out on 3 June 2004 and comprised the excavation of eight test pits 
(referred to as TP1 to TP8) across the area of the proposed development.  The test pits were excavated to 
either a maximum depth of about 3 m, backhoe refusal or pit wall collapse. 

The test pits were excavated with a JCB 4CX backhoe fitted with a 600 mm wide toothed bucket.  The test 
pits were located to provide a broad coverage of the proposed development area and were located within 
areas of proposed canals to minimise disturbance to the ground in areas of proposed residential development. 

The test pit locations were generally measured by car odometer and by pacing relative to Denial Bay Road 
and the Eyre Highway and are shown approximately on Figure 1. 

Samples of groundwater were collected at three locations (from test pits TP1, TP3 and TP7) for laboratory 
testing to provide a preliminary assessment of groundwater quality. 

The field investigation was undertaken in the presence of a Geotechnical Engineer from Coffey who was 
responsible for locating the test pits, logging the soil profile encountered and carrying out groundwater 
sampling. 

The soil profile encountered in the test pits is described on the engineering logs contained in Appendix A.  The 
logs are preceded by an explanation sheet which outlines the terms and symbols used in their preparation. 

2.2 Laboratory Testing 

The groundwater samples were submitted to the NATA registered laboratory of MGT Environmental 
Consulting Pty Ltd for the assessment of heavy metals, pH and Total Dissolved Solids.  The results of the 
laboratory testing are presented in Appendix B. 

3. SITE CONDITIONS 

3.1 General 

The site is located near the intersection of Denial Bay Road and the Eyre Highway near Ceduna, South 
Australia.  The site is bounded to the north and east by an existing railway and is generally bounded to the 
west by the Murat Bay coastline. 
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At the time of the investigation, the proposed development area generally comprised uneven, low lying ground 
which was largely covered by salt bush. 

Access for the rubber tyred backhoe was possible over most of the site, however, was not possible over the 
south-western corner of the site at the time of the investigation. 

During a site walk-over, a prominent rocky headland was observed along the coastline opposite the existing 
fruit checking station on the Eyre Highway.  The headland comprised variably weathered sandstone with no 
obvious bedding or joint sets.  The sandstone was overlain by a profile of calcareous sandy soils and calcrete. 

3.2 Regional Geology 

According to the Geological Survey of South Australia (1:250,000 Streaky Bay map sheet) the site would be 
expected to be predominantly underlain by calcareous sandy soils of the Bridgewater Formation.  The 
Bridgewater Formation was deposited in shallow subtidal beach and coastal dune environments in the 
Pleistocene period. 

Calcareous soils have properties that require special consideration, namely: 

• they are water soluble under low pH conditions that can occur naturally; 

• the particles are weaker than typical siliceous soil particles, and can be crushed at comparatively low 
stress; 

• the carbonate materials act as a cementing agent.  

The Bridgewater Formation typically comprises poorly graded, fine or medium or coarse grained sand with 
little or no fines content.  The continuity and degree of calcareous cementation can be extremely variable with 
strengths ranging from uncemented sand to strong rock (calcarenite / sandstone).  The strongly cemented 
zones often have a high voids ratio (porous structure).  It is possible that sinkholes, cavities, solution pipes 
and other karstic features, could be present in the Bridgewater Formation. 

Calcrete may also be encountered within the soil profile.  The calcrete can occur as either poorly graded silty 
gravel, rubbly layers of cobble to boulder sized fragments or a massive continuous sheet.  The calcrete 
strength is highly variable, ranging from low to extremely high rock strength. 

The lower lying southern portion of the site would be expected to comprise supratidal and extratidal flats 
(rarely inundated prior to construction of the Eyre Highway) which would be expected to be underlain by 
carbonate and gypsum mud, clay, silt and sand. 

3.3 Subsurface Conditions 

The soil profile encountered in the test pits comprised a mixture of quartz and calcareous sands, containing 
abundant bivalve mollusc shells in places.  Other materials encountered included shell grit and sandy gravel, 
comprised of fine to coarse grained gravel-sized marine shells. 

A layer of dark grey, low plasticity sandy clay was encountered in test pit TP6.  The sandy clay layer was 
about 100 mm thick and the sandy clay was of soft to firm consistency. 

No peaty or highly organic soils considered likely to generate acid sulphate soil conditions were encountered 
during the course of the investigation. 

Groundwater was encountered in six of the test pits over the depth range investigated.  Groundwater was not 
encountered in test pits TP4 and TP8.  Groundwater inflow was noted at depths ranging between about 
0.55 m and 1.9 m below the existing ground surface level.  From correlation with the survey plan provided, the 
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groundwater level encountered in the test pits appears to be about RL 0 mAHD.  It should be noted that 
groundwater fluctuations are expected due to tidal and seasonal variations. 

Four of the test pits (test pits TP2, TP3, TP4 and TP5) were terminated due to collapse of the sides of the pit 
in loose sandy soils.  Backhoe refusal was encountered at three locations, namely, in test pits TP1, TP6 and 
TP8 on suspected medium to high strength calcrete. 

4. GEOTECHNICAL ASSESSMENT 

4.1 General 

It is understood that the proposed development comprises the construction of canals, residential allotments 
and road pavements across the site.  The proposed nominal base level of the canals is understood to be   
RL -3.5 mAHD, although as low as RL –4.5 mAHD in places. 

The existing ground surface levels at the site range between about RL 0.2 mAHD and RL 8.8 mAHD.  At the 
test pit locations (and across the majority of the site where the canals are proposed) the maximum surface 
elevation was about 2.5 mAHD. 

4.2 Key Geotechnical Issues 

The key geotechnical issues affecting site development are: 

• the presence of variable, non-engineered fill to a depth of 0.7 m at the location of test pit TP1.  
The fill is judged to be unsuitable in its present condition as a founding layer for footings or 
pavements; 

• the presence of loose sandy soils.  The soils are considered to be potentially vulnerable to 
liquefaction during an earthquake and will require relatively flat batters to maintain stability, 
especially close to (or below) the water level; 

• the presence of shallow groundwater.  Excavations extending below about 0.5 mAHD would 
need to be dewatered. 

4.3 Bulk Earthworks 

4.3.1 Excavatability 

The materials encountered in the test pits were generally able to be excavated with the JCB 4CX backhoe 
used in the field investigation, however, backhoe refusal was observed at test pit locations TP1, TP6 and TP8.  
Backhoe refusal occurred at two locations on strongly cemented calcrete (test pits TP6 and TP8).  The 
material on which refusal occurred at the remaining location (test pit TP1) was not observed as refusal 
occurred below the groundwater table. 

The soil profile encountered in the test pits up to a depth of about 3 m is expected to be generally excavatable 
using conventional earthmoving equipment such as large backhoes and hydraulic excavators.  Where strongly 
cemented calcrete is encountered, which should be expected within 0 to 3 m depth in places, an hydraulic 
rock breaker or ripping by bulldozer may be required. 

4.3.2 Trafficability 

Trafficability across the lower lying areas of the site is expected to be poor.  Groundwater levels across the 
site may be related to tidal variations and at high tide the groundwater is likely to rise to a level sufficient to 
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restrict access to parts of the site. It is expected that a working (construction) platform of granular material 
would need to be placed to allow site access for construction equipment.  The thickness of the construction 
platform would depend on the construction equipment used and high tide levels. 

4.3.3 Dewatering 

At the time of the investigation, groundwater was encountered in all of the test pits except TP4 and TP8.  
Groundwater was encountered at depths ranging between about 0.55 m and 1.9 m and is inferred from the 
survey plan provided to be at about RL 0 mAHD. 

The rate of groundwater inflow into excavations through predominantly sandy soils would be expected to be 
relatively high.  The in situ permeability of the sandy soils would be expected to be of the order of about 
1 × 10-3 m/s, which indicates highly permeable ground conditions. 

The use of perimeter trenches and sumps located within the excavation are considered a viable dewatering 
option for the canals although the stability of the sides of the excavation would need to be carefully 
considered.  Constant seepage of groundwater through the sides of the excavation may result in slumping 
and sloughing of the batters.  Given the expected highly permeable ground conditions, high flow rates into the 
excavations would be expected and the excavations would need to be continuously dewatered.  The use of 
conventional well pointing systems may also be effective within predominantly sandy soils, however, the 
presence of calcrete in places may make it difficult to install the wells.  The use of well point dewatering would 
improve the stability of the sides of the excavation, as the exposed batters would not be subject to seepage 
forces and constant erosion. 

4.4 Slope Stability 

For slopes not subject to seepage forces (ie. dry slopes or permanently submerged slopes) it is recommended 
that cut batter slopes of 3H:1V (or flatter) be provided to achieve adequate stability and allow construction 
equipment to operate, for cut slopes up to 5 m high.  Flatter slopes may be required where seepage forces act 
on a slope.  Fill embankments may be constructed at the same batter slope provided the fill is compacted in 
accordance with the recommendations given in Section 4.5. 

All batter slopes within the tidal zone and above the permanent water level must be adequately protected 
against erosion by wind and water.  The effects of propellar wash on submerged slopes must also be 
considered.  Above the water level erosion protection could be achieved by topsoiling and establishing a 
suitable vegetation cover.  Within the tidal zone and below scour protection should be provided by the 
placement of rip rap, as described in Section 4.7. 

4.5 Site Preparation And Compaction Requirements 

Based upon the materials encountered in the test pits the following site preparation and filling sequence is 
recommended in areas to be raised with engineered fill: 

• Excavation of the uppermost root-bearing topsoil materials and any non-engineered fill; 

• Proof rolling of the exposed materials with a vibrating smooth drum roller of at least 10 tonnes static 
weight.  In low lying areas, proof rolling the exposed natural subgrade may not be practical due to 
poor trafficability and shallow groundwater.  In these areas, a working platform of coarse, reasonably 
graded rock may be required.  A thickness of working platform of about 0.4 m is suggested, although 
a trial area on site is recommended to optimise the thickness for the machinery and site conditions 
prevailing at the time.  Proof rolling of the surface working platform should then be performed.  Any 
soft, wet, weak or organic materials encountered during proof rolling should be removed and 
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replaced with compacted select fill, and; 

• Filling to the required design levels.  The fill should be placed in layers not exceeding 250 mm loose 
thickness, moisture conditioned to within +/- 3% of the optimum moisture content and compacted to 
achieve a minimum dry density ratio of either 95% Standard (bulk allotment fill) or 98% Standard 
(road subgrade). 

Inspection of the site preparation and compaction works, by a suitably experienced Geotechnical Engineer is 
recommended. 

4.6 Re-Use Of Site Won Materials 

Based upon the thicknesses of the various materials encountered in the test pits, it is expected that the bulk of 
the site won material will comprise calcareous sandy soils.  This material is considered suitable for re-use as 
bulk allotment fill provided it is properly engineered. 

The other materials encountered in the test pits included shell grit and sandy gravel, comprised of 
predominantly fine to coarse grained gravel-sized bivalve mollusc shells.  These materials would generally be 
unsuitable for re-use as bulk allotment fill. 

The upper 100 mm to 300 mm of root-bearing material is also considered unsuitable for reuse in engineered 
fill.  It should be stripped and stockpiled for use in landscaping. 

4.7 Rip Rap And Scour Protection 

Scour and erosion of unprotected natural soils from around the edge of the proposed canals is expected.  It is 
therefore important that protection such as rip rap be provided around the edge of the canals. 

The size of the rip rap stones must be determined as part of the design of the marina, based on the expected 
wave heights (from storm and boating activities) and slope stability considerations.  The rip rap should be laid 
on a geotextile fabric, to prevent the underlying sand washing out through the rip rap.  Alternatively, 
progressively coarser layers of filter gravel could be placed between the sand and rip rap. 

It is recommended that the condition of the rip rap protection be monitored and that any movement of rip rap 
materials or deterioration of rip rap cover be corrected immediately. 

Alternative scour protection measures such as proprietary grout mattresses and other products may also be 
considered.  Coffey would be pleased to review alternative measures if required. 

5. ADDITIONAL SERVICES AND FURTHER INVESTIGATIONS 

It is recommended that an experienced Geotechnical Engineer review plans and specifications which affect or 
are affected by geotechnical issues to help assure proper interpretation of the geotechnical findings and 
recommendations.  We are pleased to offer our services for the review. 

It is recommended that additional investigations be carried out at the location of the entrance channel to the 
canals to identify the presence of any rock, which would require blasting.  It is anticipated that the 
investigation would comprise drilling several boreholes from a jack-up barge along the alignment of the 
proposed channel. Further investigations at selected locations within the proposed canals are also 
recommended using a hydraulic excavator fitted with a rock bucket and possibly using a rock breaker, both to 
determine the ease of excavatability and to determine the properties of the materials beneath the calcrete 
encountered at some locations during the preliminary investigation. 
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A program of drilling and in situ Standard Penetration Testing at locations which are accessible to a drilling rig 
should also be considered in order to allow an assessment of the liquefaction potential of the natural 
subsurface materials. 

We would be pleased to offer our services for these activities. 

 

 

 

For and on behalf of 

COFFEY GEOSCIENCES PTY LTD 
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SUMMARY 
 
The Ceduna Keys Marina is a residential/marina/tourist project, located immediately north 
of Ceduna on the Eyre Peninsula. 
 
This Environmental Assessment is an Addendum to the Ceduna Keys Environmental Impact 
Assessment. It was originally prepared for the District Council of Ceduna. It summarises the 
findings of the site survey and general investigations undertaken to examine marine and 
terrestrial biological environmental issues, Aboriginal Heritage and water quality issues in 
the marina and recreational lake. These site investigations were undertaken in 2000. 
 
The results of the investigation are summarised below in relation to the study objectives. 
 
Objective 
 
To describe the subtidal and intertidal marine communities that would be directly affected 
by the proposed development, i.e. within the site and those in the immediate vicinity, in 
order to define the habitat type, delineate them and place them in regional perspective. 
 
The marina breakwaters will extend approximately 320 m out from the beach into Murat 
Bay, and the total area directly affected is approximately 0.25 Km2. A survey of the subtidal 
and intertidal communities has been undertaken, as indicated above, and the area surveyed 
extended approximately 2.5 Km out from the beach.  The area that would be directly 
affected by the marina is predominantly sandy beach and rocky intertidal community.  The 
extensive sandy beach is exposed at low tide.  A small area (approximately 0.15 Km2) is 
subtidal.  The results of the survey are summarised below. 
 
Subtidal Communities 
 
Offshore of the marina in the deeper waters there are four main habitat types, Zostera sp. 
Beds (seagrass), Posidonia sp. Beds (seagrass), Posidonia sp./Sargassum sp. Beds 
(seagrass/algal community) and large mostly bare sandy areas.  These habitats are 
widespread in the Bay and in the region.  Previous regional studies have not identified any 
significant biological features in the study area.  This was confirmed in the current survey.  
Some taxa species of interest, but which do not have a conservation status, were found in the 
survey, but were well removed from the marina site and outside the likely area that would 
be affected by the construction of the marina. 
 
The construction of the marina will result in the loss of some of the existing marine habitat.  
However, as found elsewhere, it is expected that a relatively diverse marine community will 
establish in the marina basin and recreational lake. 
 
The proposed development is very similar to the existing Lincoln Cove Marina, Port 
Lincoln.  Surveys undertaken of the marine community after construction indicated that the 
effects were localised, and immediately adjacent to the breakwater and channel.  It is 
anticipated that this will also be the case at Ceduna. 
 
During the survey, an abundance of epiphyte algae was observed in the subtidal and 
intertidal areas.  This was suggestive of nutrient enrichment.  However, there is no effluent 
discharge to the bay, although at a number of points stormwater runoff enters the bay. It is 
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understood however, that Council is examining ways to capture and reuse some of this 
runoff, or treating it in retention basins. The growth may also have been transitory, caused 
by storm-induced resuspension of nutrient rich sediments into the water column. The 
presence of large quantities of plant debris could be an important design and management 
issue for the marina. 
 
Intertidal 
 
The intertidal zone is characterised by rocky headlands with large sandy beach in between.  
In the Bay there are small areas of mangroves, with approximately 120 larger trees and 500 
smaller seedlings. Associated with the mangroves and rocky headlands are patches of 
samphire. In the shallows, there are also patches of the seagrasses, Posidonia sp., Zostera 
sp. and Heterozostera. 
 
A diverse assemblage of fauna and flora were observed in these habitats, all of which are 
common along the coast. 
 
Fossilised wood occurred on one rocky outcrop, to the south and outside of the area of the 
development. 
 
The construction of the marina will result in the loss of some of these habitat areas, 
including approximately 20-30% of the mangroves. However, in view of their small area on 
the site, and the extent to which they occur regionally, this is not seen as a major issue. The 
marina structure will have breakwaters and rock walls. As observed to be occurring at 
Lincoln Cove, it is anticipated that these will also develop a diverse fauna and flora. 
 
Objective 
 
To describe the terrestrial fauna and flora habitat on the proposed site, their condition, and 
by placing them in regional perspective define their ecological or conservation significance. 
 
A botanical survey has been undertaken of the proposed development site and adjacent 
areas. Vegetation associations/habitats have been defined and species present recorded.  
Their value as faunal habitat on fauna surveys undertaken or sightings in the area, and/or 
region has also been reviewed. 
 
Patches of remnant, original vegetation remain around Murat and Denial Bays.  However, 
little of the remnant vegetation remains at the development site. What remains consists of 
coastal vegetation (salt bush/bluebush shrublands, coastal dune shrubland, samphire flats) 
and small areas of coastal woodland (mallee woodland, tall shrubland on terrestrial dunes). 
Most of the native vegetation present is recent, due to re-colonisation after considerable past 
disturbances. It is still in a state of transition and new species are recolonising as evident by 
the fact that only juvenile plants are present for most of the species. 
 
The proposed development will involve the removal of part of the small areas of mallee 
woodland, the tall shrubland on the terrestrial dunes.  These associations are widespread in 
the region. 
 
The samphire flats and low saltbush/bluebush (Atriplex/Mareana spp.) will also be removed 
by development and altered by the reintroduction of tidal flows. 
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Overall, the development will not impact on any significant areas, or any areas on which 
any fauna species are dependent for survival in this region. 
 
Importantly, the dune shrubland immediately north of the Ceduna township and, as 
indicated above, the area where fossilised wood occurs, will not be effected. 
 
Three species of flora were found which have a conservation status (rare or uncommon) for 
the Eyre Peninsula region.  They are not vulnerable or endangered.  Few individuals were 
found and none were mature.  One, the Western coastal wattle, is not found in the Ceduna 
Environment Association and is considered introduced.  The other two, the Cotton bush and 
Trailing hemichroa would easily be propagated and used in landscaping.  They are likely 
colonisers from adjacent scrub, and their removal is not seen as a significant issue. 
 
Objective 
 
To undertake an archaeological survey of the site, documenting known sites of Aboriginal 
significance in the area in consultation with Aboriginal communities. 
 
A pedestrian survey of the site has been undertaken, accompanied by representatives of the 
Aboriginal community.  Available records for the area have also been reviewed.  No sites 
were located within the development area.  Known sites were located outside the 
development area and need not be affected.  Cultural material in the form of two middens 
were located, but outside the area of development. 
 
Objective 
 
To review water quality issues for the marina basin and inland recreational lake. 
 

Water quality in the Ceduna Keys marina needs to be good in order to: 
 

• facilitate the development and maintenance of a diverse and healthy marine aquatic 
fauna and flora; 

• be suitable for contact recreation; and 
• have an attractive appearance, and be relatively free of nuisance algal growths. 

 
Ensuring the above essentially involves: 
 

• The provision of adequate water circulation and regular exchange with marine 
waters. The residence time will be between 3-5 days. This is more than adequate. 

 
• By design and management, controlling (eliminating) potential sources of 

contamination. 
 

The major potential source of contamination is effluent from the development and 
boats. This will be taken to a new wastewater treatment plant and reclaimed water 
irrigated. Other potential sources have been identified and appropriate management 
strategies will be put in place, including fuelling and fuel storage. Of the total 
stormwater runoff, only 20% will be diverted without treatment, except through 
GPTC, to the marina. Because of this relatively small volume, the size of the marina 
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waterways, and short residence time in the system, its effect will be localised and 
transitory, and should not effect the overall utility of the lake or the aquatic 
community. 
 
The indications are that the waters of Murat Bay are of good quality, although as 
referred to earlier, there was an abundance of epiphyte algae during the survey.  
There is minimal risk of any impact by the development on the water quality of 
Murat Bay. 
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CEDUNA KEYS DEVELOPMENT 
 
 
1.0 INTRODUCTION 
 
The proposed Ceduna Keys and the Ceduna Coastal Centre is a residential/marina/tourist 
project, located north and immediately adjacent to Ceduna on the Eyre Peninsula.   
 
The project is an initiative of the District Council of Ceduna and is being directed by the 
Council, the Aboriginal community, the Ceduna Business & Tourist Association and a 
major resort project developer. 
 
This preliminary environmental assessment of the proposed Ceduna Keys and the Ceduna 
Coastal Centre has been prepared for the District Council of Ceduna, in consultation with 
the Project Manager, D Kelsey.  It summarises the findings to date of the site survey and 
general investigations undertaken to examine the marine and terrestrial biological 
environmental issues and Aboriginal Heritage.  In addition issues in relation to waterway 
tidal exchange are discussed. 
 
 
2.0 LOCATION 
 
The project site is located north of Ceduna, on Murat Bay, and is shown on Figure 1.  Figure 
1 also shows the physical layout of the proposed development, which is described in detail 
in the Ceduna Keys Development Application. 
 
Ceduna, located approximately 800Km to the north west of Adelaide, is the largest regional 
centre on what is known as the west coast, that is, the western side of Eyre Peninsula, South 
Australia.  
 
 
3.0 SCOPE AND OBJECTIVES OF THE PRELIMINARY ENVIRONMENTAL 
 INVESTIGATIONS 
 
In accordance with the study requirements, this preliminary study addresses: 
 
(a) Describing the subtidal and intertidal marine communities that would be directly 
 affected by the proposed development, i.e. within the site, and those in the 
 immediate vicinity. 
 

The object is to delineate and define the various habitats, their condition and place 
them in regional perspective.  This study does not examine all individual plants and 
animals to species level, but gives an overview of the general community types that 
are currently present and defines their boundaries. This study therefore establishes a 
baseline with which future studies can be compared and so assess any impact the 
marina may have on the environment. 
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(b) Describing the terrestrial fauna and flora habitat on the proposed development site. 
 
 Similarly to the marine environment, the objective is to define the habitats on site, 
 their condition and, by placing them in regional perspective, define their ecological 
 or conservation significance. 
 
(c) Undertaking an archaeological survey of the site, documenting known sites of 
 Aboriginal significance in the area in consultation with Aboriginal communities. 
 
(d) Review water quality issues for the inland waterways. 
 

The object is to examine the water quality status of the marina waterways, and the 
proposed stormwater, wastewater and infrastructure management measures required 
to protect water quality.  In addition, the need to manage ballast water is also 
identified. 

 
(e) Identify the potential effects of construction. 

 
Without adequate safeguards, the construction of the marina and breakwaters could 
have significant impacts on the adjacent marine environment. The effects of 
construction are, to a considerable degree, dependent on the method of construction.  
As this is still to be determined, this issue can only be discussed in general terms at 
this stage. 

 
As the design is further developed, particularly with the extent and location of breakwaters, 
the potential effects on sand movement will be separately addressed. 
 
 
4.0 MARINE ENVIRONMENT 
 
4.1 The Marine System 
 
The particular area examined is the marine environment of Murat Bay, directly north of the 
Ceduna township. The proposed site of the marina extends out 320 m from the beach, but 
the study site was extended out to 2.5km to accommodate a buffer zone for any potential 
impacts.  
 
The proposed marina and breakwater will potentially cover approximately 0.25 km2 of 
marine and coastal environment.  The area is predominately sandy beach and rocky 
intertidal community. 
 
The region along the southern coast of Australia is known as the Flindersian Province, 
which extends from south-west Western Australia to southern New South Wales and is 
characterised by warm to cool temperate waters (Edyvane, 1999). 
 
Murat Bay is a shallow bay, with depths in the region of the proposed marina being 
particularly shallow, the deepest area reaching three metres at high tide.  The study area is 
typified by large tidal fluctuations, which diurnally cover and expose the intertidal 
communities. Fluctuations reach up to two metres and this tidal change exposes most of the 
proposed marina site at low tide. 
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Few previous studies of the marine system in this area have been undertaken. An assessment 
of the marine environment in South Australia was carried out by Edyvane (1999). This 
study classified the Murat Bay area as being within the “Streaky” biounit. Features typical 
of this biounit area sheltered bays with rocky headlands interspersed by sandy beaches. 
Samphire and mangrove habitats line the shore and limestone reefs are common.  
 
There have been no areas identified as having significant biological value in the study area, 
or in close proximity to the proposed marina. The closest region considered to have 
significant environmental value is Tourville Bay (Davenport Creek), which has been 
identified as a wetland of national importance (Edyvane 1999). 
 
The township of Ceduna is directly south of the study site and consequently there are many 
associated human uses of the area. The beach is used by many people for recreation such as 
walking and bathing in warmer weather. Fishing is also popular in this area and boats 
commonly come close in shore to fish. Evidence of people having harvested oysters from 
the intertidal area is also present. Pacific Oysters, a non-native species are farmed in Murat 
Bay, at the town of Denial Bay, 10km west of Ceduna. 
 
Rubbish and waste are left by people and items on the shore from fishers and people using 
the coast are common. As the study site is close to the township, any ocean discharges such 
as stormwater could also influence the biota at the study site.  No effluent outfalls currently 
discharge into the area (Ceduna Council, pers. comm.). 
 
4.2 Field Survey Methodology 
 
The field survey consisted of two main components  
 

• diving to delineate and describe the various subtidal marine communities, and 
• map the extent and type of intertidal communities by walking along the zone at 

low tide 
 
4.2.1 Subtidal Survey 
 
The aim of this procedure was to examine all habitat sites in the region, gaining 
representative records that accurately reflect all habitat types. The goal was also to map the 
extent of these habitat types within the study area. Survey sites were initially determined 
from an aerial photo, then reviewed and varied as necessary upon finding additional 
information on site when viewing the area and also with the assistance of local knowledge. 
 
When a site was found, the coordinates were entered into a Trimble Pro-XRS GPS.  This 
GPS enabled the survey party to locate themselves to within 1.5 metres accuracy ensuring 
that the dive site and the survey sample site on the GIS was as close a match as possible.  
 
A total of 15 dives took place over three days, from 6th to the 8th April. Weather was 
predominately fine, ranging from 17 to 22oC. Seas were calm to slight (10-15 knots), and 
wind direction was predominately from the south-east.  The survey had been immediately 
preceded by stormy weather. Consequently visibility was poor due to a combination of the 
disturbance of the silty substrate and a high abundance of dislodged epiphytic algae in the 
water. Friday, April 7, was a particularly fine calm day which allowed a scan to be made of 
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the whole area at low tide from the boat, by passing back and forth along the length of the 
coast in the study site several times. This provided the opportunity to gain additional 
information with which to assess the location of habitat types. 
 
The divers recorded the following information about each site: 
 

• weather conditions and underwater visibility; 
• comments on overall condition/appearance of the area; 
• sediment type; 
• depth; 
• taxa present to phyla, or class level only (fauna and flora); 
• their dominance, using a scale: 1 (rare) to 5 (continuous); 

 
In addition to this, a pictorial record was also taken, which consisted of still camera images. 
At each site a 50x50cm quadrat was laid down at three areas around the point where the 
anchor was sited. Two photos were taken of each quadrat. The first photo had information 
on the site and quadrat number (eg 1.2, site 1 quadrat 2), the second photo was taken 
without this information, so the whole quadrat could be viewed.  In addition, at each site 
photos were taken at the four compass points from the point where the anchor was, to gain 
an overall view of the area. 
 

 
Plate 1  Diver carrying out the marine survey 

 
4.2.2 Intertidal Zone Survey 
 
The entire intertidal zone along the length of the study area was surveyed.  The total length 
surveyed was 3.8 km. This region was examined by walking along the intertidal zone at low 
tide to map the extent and type of communities present. The intertidal survey was carried 
out on the 5th of April when diving was prohibited by rough weather and additional 
information was also collected on the 9th of April after the diving survey was complete. 
Conditions on the 5th of April were 17oC and overcast, with gusty winds. 
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Information mapped included the substrate types, plant and animals communities and their 
dominant phyla. Structures built by people were also noted. Information was recorded in the 
field on A3 aerial photos produced by the GIS and later digitised. 
 
4.3 Description of Marine Communities 
 
4.3.1 Subtidal Communities 
 
Table 1 contains a summary of the findings in the marine survey. For full details of the 
findings in the survey see Appendix 1. The information gained in the marine survey has also 
been transposed onto a map of the area in Figure 2.  Habitats were defined and their areas 
summarised in Figure 3. 
 
There were four main habitat types in the study area; sandy bottom (sometimes with small 
patches of Posidonia spp., Posidonia spp. dominated (sometimes with sparse Sargassum 
sp.), Sargassum sp. and Posidonia spp., and Zostera sp (Table 2). Some additional sub-
groups have also been defined within these four main groups. Where the amount of 
Posidonia spp. present varied with sand, small amounts of Sargassum sp. were occasionally 
present. In addition, there were often small to medium sized patched of Posidonia spp. in 
the expanses of sand.  These sub-groups have been identified as, a, b etc in Table 2 below. 
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Table 1 Summary of Marine Survey Findings 
 

  
Site 

 
Depth 
 (m) 

 
Substrate 

 
Site Description 

Epiphyte 
abundance 

(+ low,  
+++ high)  

 
Plants 
/Algae 

 
Animals 

1 3.9 Fine silt/sand 70% sand/  
worm holes; 
seagrass 
patches 

 
+ 

Sargassum sp., 
sparse Posidonia 
spp. patches 

sponges; 
wormholes, 
gastropods, egg 
masses 

2 3.6 Fine silt/sand  70% seagrass, 
30% sand  

 
+ 

Posidonia spp. 
patches 

sponges, 
gastropods, Pinna 
sp., worm holes, 
several fish types 
(pipe, soldier, 
spider crab) 

3 4.3 Sandy, less 
silt 

Continuous 
seagrass 

 
+ 

Scabaria sp., 
Posidonia spp. 
patches 

shrimps, sponges, 
fish, Pinna sp.  

4 2.5 Rocky 
bottom/silt/ 
sand 

Seagrass/ 
brown 
macroalgae 

 
+++ 

Sargassum sp., 
Posidonia spp. 
red algae 
(encrusting & 
foliaceous) 

worm holes, 
mussells, 
Scleractinia 

5 2.9 Rocky 
bottom/silt/sa
nd 

Brown 
macroalgae 

 
+++ 

Sargassum sp., 
Scabaria sp., red 
algae (encrusting 
& foliaceous) 

Scleractinia, 
mussells 

6 4.1 Fine 
silt/shells 

Continuous 
seagrass 

 
+ 

Posidonia spp.  Pinna, 
gastropods, 
sponges 

7 4.4 Silty sand 90% 
sand/worm 
holes, sparse 
patches of 
seagrass 
 

 
+ 

Posidonia spp., 
turfing green 
algae, Sargassum 
sp. 

Pinna sp., worm 
holes, brittle star, 
sponges, fish 

8 3.3 Silty sand Sand/many 
worm holes, 
seagrass 

 
++ 

Posidonia 
spp./epiphytic 
algae, turfing 
green algae, red 
algae, Sargassum 
sp. 

worm holes, 
ascidians, brittle 
star, Pinna sp.  

9 4.4 Fine silt Fine epiphytic 
algae 
throughout 
water column 

 
+++ 

Sargassum sp. worm holes 
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Table 1 Summary of Marine Findings contd 
 

 
10 3.6 Sand 90% seagrass, 

sand patches 
 
+++ 

Posidonia spp., 
red algae 

barnacles, 
limpets, Pinna 
sp., red algal 
mass, worm 
holes, large hole 
(?sp) 

11 2.1 Sand Seagrass/ sandy 
patches  

 
+++ 

Posidonia spp, 
Zostera sp. 

ascidians, Pinna 
sp., sponges, 
worm holes, large 
hole (?sp) 

12 1.8 Sand 90% seagrass, 
10% brown 
macroalgae 

 
+++ 

Posidonia spp., 
Sargassum sp., 
red foliaceous 
algae 

barnacles, 
sponges, Pinna 
sp. 

13 1.8 Sand/shell 
bottom 

Continuous 
seagrass 

 
+++ 

Posidonia spp., 
green turfing 
algae, encrusting 
red algae 

large hole (?sp), 
worm holes, 
Pinna sp., egg 
masses, abalone, 
scallops, 
barnacles 

14 3.1 Silty/shells/ 
sand 

80% seagrass, 
20% sand 

 
+++ 

Posidonia sp, red 
encrusting algae 

worm holes, 
Pinna sp., large 
hole (?sp), 
sponges, scallops, 
egg masses, 
gastropods, 
barnacles 

15 3.1 Silt/sand 95% sand, 
small patches 
seagrass 

 
+++ 

 Posidonia spp.  worm holes, large 
hole (?sp), Pinna 
sp., sponges 

 
Table 2 Marine Habitat Types in Proposed Marina Site at Murat Bay 
 

Habitat Type Total Area (km2) 
1a) Posidonia spp. 0.155982 
  b) Posidonia spp./Sargassum sp. 0.252085 
  c) Posidonia spp./sand 0.799801 
2a) Sand  0.38817 
  b) Sand/sparse Posidonia spp. 0.077015 
3. Sargassum sp./Posidonia s 0.252072 
4. Zostera sp. 0.104835 
Total Area 2.03km2 
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Figure 3 Graph of Marine Habitat Types in the Proposed Marina Site at Murat 
  Bay 
 
The most dominant habitat type was the seagrass Posidonia spp., commonly called 
tapeweed, which was interspersed with areas of clear sand. The abundance of Posidonia 
spp. varied throughout the area, tending to be very patchy. As the depth increased the 
seagrass tended to increase in density, with the greatest density occurring at the far south of 
the study site. A variety of other species also existed among the seagrass. Gastropods, 
sponges and egg masses, as well as epiphytic algae were commonly found attached to the 
leaves of the seagrass. 
 

 
Plate 2  Seagrass beds (Posidonia spp.) 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Posidonia sp.

/sand

Sand/sparse

Posidonia sp.

Posidonia sp.

/Sargassum sp.

Sargassum sp.

/Posidonia sp.

Posidonia sp. Zostera sp. Sand

A
re

a 
(k

m
 2

)



 9

Sargassum sp., a brown macroalgae, is more common in the shallower inshore areas where 
the reefs tend to be and consequently there is a rocky substrate. It also occurs in very sparse 
patches among the seagrass beds.  
 

 
Plate 3  Sargassum sp. stands among seagrass (Posidonia spp.) 

 
Zostera sp., a fine seagrass (interspersed with Heterozostera sp.) was common on the 
shallow waters of the northern reef, to the west of the study site.  It was however, overgrown 
with dense mats of epiphytes. 
 
 

 
Plate 4  Zostera sp. interspersed with Heterozostera sp. 

 
Epiphytic algae were very abundant in the area (refer Table 1). It commonly covered the 
leaves of the seagrass in varying densities. It was particularly abundant in the in shore areas, 
where the algal abundance was so prolific in some areas that it covered the seafloor and 
seagrass almost entirely. In these areas the sediment also tended to be extremely silty, with 
fine silt enveloping the divers in clouds when touching the sea floor.  
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Fine silty sand was common across the area. There was a large area to the south of the 
proposed marina site that was almost continuous sand. There were also sometimes small 
patches of Posidonia spp, and or Pinna sp. present. The areas of sand had many “worm” 
holes in them. These were holes in the sand, where some flatworms were found (phylum 
Platyhelminth), but it is also possible that other taxa such as polychaetes could also be 
responsible for the holes. As samples of invertebrate fauna were not taken, it is uncertain 
exactly what taxa lay under the sand and therefore when these holes were identified they 
have been referred to under the general term of “worm” holes. 
 

 
Plate 5      Sandy areas with a high amount of fine silt and many 

   “worm” holes in the sand 
 
The razor-fish Pinna sp. commonly occurred across the whole study area. The only sites 
where it was not found in were quadrats at sites 1, 5, 9 and 15. It was most common at sites 
8, 12, 7 and 3 (in order of dominance). This indicates the distribution of Pinna sp. is also 
very patchy. However, it did tend to be more common in the mid depths of approximately 3-
4m and in the area around the reef at site 12. 
 
Where razor-fish were present, other encrusting species attached themselves to the Pinna sp. 
shell.  These species included barnacles, limpets, abalone, mussels, gastropods, scallops, 
sponges, encrusting and foliaceous red algae, and foliaceous green algae. 
 
The other large species that commonly occurred throughout the area were solitary ascidians 
from the Ascidiidae family. They were most common in the central section of the study 
area, at sites 8 and 3. 
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Plate 6  Pinna sp. with encrusting sponges and epiphytic algae 

 

 
Plate 7  Ascidian and Pinna sp. with Zostera sp. and 

epiphytic algae surrounding 
 
There were taxa species found in the area that were of particular interest, but do not hold a 
conservation significance. A sea cucumber (Class Holothuroidea) was found at site 12 and 
several stony corals (Order Scleractinia) were found in the shallow reef/Sargassum sp. area 
(sites 4 and 5). See Table 4 for a review of these and other taxa found. 
 
4.3.2 Intertidal Zone Communities 
 
Table 3 contains a summary of the general habitat types found in the intertidal survey.  
Table 4 lists the dominant taxa. 
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Table 3 Inter-tidal Habitat Types in Proposed Marina Site at Murat Bay 
 

HABITAT TYPE AREA (m2) AREA (km2) 
1a) Cliff 3919 0.004 
  b) Rocky outcrop 3455 0.004 
  c) Exposed rock 1898 0.008 
2a) Beach 33361 0.03 
  b) Beach cast seagrass 21524 0.02 
  c) Rock/beach cast seagrass 10261 0.01 
  d) Rock/beach seagrass/ samphire 8694 0.008 
3a) Mangroves/samphire 28218 0.03 
  b) Samphire 27815 0.03 
4a) Submersed sand 458561 0.5 
  b) Submersed sand/rocky 93614 0.095 
  c) Submersed sand/Pinna sp. 21892 0.025 
5a) Reef 180961 0.2 
  b) Semi-submersed rocky area 16524 0.02 
5a) Zostera sp. 20531 0.02 
  b) Submersed sand/Zostera sp. 44457 0.04 
6a) Posidonia spp. 4188 0.004 
  b) Posidonia spp./Pinna sp. 10588 0.01 
TOTAL  1.03 

 
There were six main habitat types identified in the intertidal zone.  These were: cliff, beach, 
mangroves/samphire, submersed sand, reef Zostera  sp. and Posidonia spp.  The most 
dominant habitat was submersed sand, followed by areas of reef (Figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4 Intertidal Habitat Types and their Area in the Proposed Marina Site at 
  Murat Bay  
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Table 4:           Intertidal Communities -  Dominant Taxa

Id Habitat type Other habitat features Taxa -1 Taxa -2 Taxa -3 Taxa -4 Taxa -5

1 Beach

2 Cliff

3 Beach cast seagrass

4 Submersed sand rocky, anoxic sediment polychaetes

5 Reef Hormosira sp. blue-green 
algae

6 Beach cast seagrass

7 Beach

8 Cement Wall

9 Shelter

10 Swimming platform

11 Road to beach

12 Road to beach

13 Cliff

14 Beach

15 Reef Hormosira sp.

16 Submersed sand rocky, glass on beach

17 Reef oysters limpets barnacles

18 Reef Hormosira sp.

19 Semi-submersed rocky 
area

Hormosira sp. Sargassum 
sp.

Pinna sp.

20 Submersed sand rocky, anoxic sediment polychaetes

21 Submersed sand rocky, anoxic sediment polychaetes

22 Reef Hormosira sp.

23 Beach cast seagrass

24 Beach

25 Cliff

26 Reef Hormosira sp.

27 Reef Austrocochlea
 sp.

Hormosira sp. mussels blue-green 
algae

28 Submersed sand rocky

29 Submersed sand rocky

30 Samphire

31 Semi-submersed rocky 
area

Hormosira sp. mussels



Id Habitat type Other habitat features Taxa -1 Taxa -2 Taxa -3 Taxa -4 Taxa -5

32 Semi-submersed rocky 
area

Hormosira sp.

33 Exposed rock

34 Reef

35 Semi-submersed rocky 
area

36 Samphire

37 Submersed sand rocky

38 Reef blue-green 
algae

Austrocochlea 
sp.

Hormosira sp. epiphytic 
algae

mussels

39 Reef

40 Submersed sand polychaetes

41 Beach

42 Coastal vegetation

43 Cliff

44 Beach cast seagrass

45 Samphire

46 Exposed rock

47 Reef musselsHormosira sp. Pinna sp. algae

48 Coastal vegetation

49 Beach cast seagrass

50 Beach

51 Submersed sand rocky

52 Submersed sand Pinna sp.

53 Reef Hormosira sp.

54 Cliff

55 Exposed rock

56 Mangroves samphire

57 Mangroves samphire

58 Submersed sand rocky filamentous 
green algae 
on rock

Hormosira sp. Austrocochle
a sp.

mussels

59 Submersed sand polychaetes small 
gastropods

60 Beach cast seagrass

61 Coastal vegetation

62 Beach

63 Fossilised wood



Id Habitat type Other habitat features Taxa -1 Taxa -2 Taxa -3 Taxa -4 Taxa -5

64 Reef filamentous 
green algae 
on rock

Hormosira sp. gastropods mussels

65 Samphire

66 Beach cast seagrass

67 Posidonia spp. Pinna sp.

68 Mangroves samphire

69 Rock Beach cast seagrass, 
pools of water

Rocks with 
some 
samphire

70 Coastal vegetation

71 Submersed sand Zostera sp. bivalves small 
gastropods

72 Rocky outcrop

73 Beach

74 Posidonia sparse 
Posidonia spp.

75 Submersed sand sparse 
Posidonia spp.

Pinna sp. worms

76 Mangroves samphire 50 mature 
trees

200 
seedlings

77 Beach cast seagrass

78 Mangroves samphire Dense- 50 
mature

79 Samphire

80 Submersed sand Sparse brown 
algae

slime dead

81 Mangroves samphire 10 mature

82 Mangroves samphire 5 mature

83 Samphire

84 Mangroves samphire

85 Submersed sand rocky mussels

86 Submersed sand Zostera sp.

87 Submersed sand Pinna sp.

88 Beach cast seagrass

89 Coastal vegetation

90 Rocky outcrop

91 Rock Beach cast seagrass samphire

92 Rock gastropods blue-green 
algae

93 Submersed sand Zostera sp.



Id Habitat type Other habitat features Taxa -1 Taxa -2 Taxa -3 Taxa -4 Taxa -5

94 Reef chitons musselsHormosira sp. filamentous 
green algae 
on rock

barnacles

95 Submersed sand polychaetes

96 Reef gastropodsSargassum sp. Hormosira 
sp.

epiphytic 
lagae

97 Reef Hormosira sp. limpets

98 Zostera Zostera sp. slime dead 
seagrass

99 Coastal vegetation
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The bay where the survey was undertaken was characterised by a number of rocky 
headlands, with sandy beaches between. There were five small rocky headlands lying along 
the eastern beach and one large headland on the northern side. These headlands were almost 
totally exposed at low tide, revealing a diversity of species attached to the rocky limestone 
surfaces.  Typically the rocks were covered with the brown algae, Hormosira sp., and or 
molluscs and crustaceans. The species encrusting the rock surface tended to be dependent 
upon the water level. A typical profile of one of these rocky areas is shown on Figure 5.  
Figures 6a to 6e map these habitat types in the intertidal zone. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Profile of an example of major taxa found in the rocky intertidal zone 
 
Taxa found on the rocky surfaces included; gastropods which were predominately 
Austrocochlea sp., blue-green algae, chitons, filamentous green algae on rock, mussels, 
oysters, bivalves, epiphytic algae, limpets and barnacles. Crabs lay underneath the rocks and 
small fish swam in the rock pools between.  
 

 
Plate 8  Rocky limestone exposed reef with 

 encrusting flora and fauna 
 

Sea surface
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Figure 6c
Intertidal survey
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Figure 6d
Intertidal survey
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Figure 6e
Intertidal survey
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Figure 6f
Intertidal survey points (See Table 3)

Ceduna Marina Baseline Survey

71
8096

59

95

86

58

75

87

7098

4

85

94

79

51
52

78

67

69

83

29

73

35

91

7

76

47

21

16

92

61

20

27

40

62

46

41

1

48

77

93

64

74

60

89

32

19

68

39

97

23

24

57

90

66

33

617

14

42

88

53

28

44

26

72

55

84

45

2

81

43

37

54

5

11

12

15

22

63

10

50
49

82

65

31

25

3

8

30

99

13

34

56

36

9

38

18

Roads
Jetty
Intertidal zone
Coastline

0 500250

Metres �



 14

 
Plate 9  An example of the gastropods and green and 

 blue-green algae covering the rocks 
 
Below the white sandy surface of the submersed sand (i.e. sand that was inundated daily by 
the sea) there were often dark grey anoxic sediments. In some areas this sandy area was also 
covered by patches of seagrass or brown algae (predominately Sargassum sp.). On the east 
beach Sargassum sp. was more common and on the larger reef on the north beach 
Sargassum sp., was intermixed with Posidonia spp., and in the shallower areas Zostera sp. 
and Heterozostera sp.. The razor-fish, Pinna sp. was also commonly found amongst the 
seagrass and macroalgae. 
 

 
  Plate 10 Sandy areas with surrounding macroalgae  
    and seagrass, and razorfish  (Pinna sp.) 
 
Epiphytic algae were covering much of the seagrass and macroalgae. The area around the 
large northern reef was particularly covered with a thick blanket of brown epiphytic algae. 
Higher up the shore, on the rocky surfaces, blue-green algae were often found in patches 
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amongst the crustaceans and molluscs. Dead seagrass was a common sight in this northern 
reef area and it also covered much of the intertidal zone. 
 
The areas of sand that lay in between the reefs often had small rocky patches, and 
Hormosira sp. and mussels usually covered these rocks. Where the sand was bare “worm” 
holes were common and small gastropods moved across the sand. The sediments under the 
white sand that were inundated by water each day were often grey and anoxic. A large 
sandy area, fully exposed at low tide lay in the large bay where the proposed marina is to be 
sited. This sandy area was almost completely devoid of any material on its surface, apart 
from a small patch of Posidonia spp. in the central area. To the western side of the bay 
Pinna sp. and Zostera sp. are found.  
 

 
  Plate 11 Large sandy areas where the proposed  
    marina is to be sited 
 
There were often patches of samphire surrounding the rocky areas. The samphire 
communities were mainly Sclerostegia sp. and Sarcocornia quinqueflora, with some Suaeda 
australis. The samphire occurred higher on the shore, above the high water mark. Samphire 
also surrounded the mangrove areas. There were several patches of mangroves in the area, 
the largest being in the centre of the main bay of the study site. The mangrove is the grey 
mangrove, Avicennia marina, the only mangrove species in South Australia. There were 
approximately 100 larger mangroves and 500 smaller seedlings in this area. Further south 
along the eastern beach there were 18 larger trees and a further patch of 5 mangroves 
approximately a further 500m south. 
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  Plate 12 Mangroves with surrounding samphire  
    community 
 
An unusual species of note that was found in the survey was the shovel-nosed lobster, 
Ibacus alticrenatus. Its is a moderately common species reported to be more commonly 
found in the deeper waters of coastal bays (Edgar, 1997), but in this instance was found on 
the outer edge of the intertidal area at low tide. 
 
Another feature of note in the intertidal zone are some areas of fossilised wood. These 
consist of an area of approximately 10m2 of rock at one of the rocky outcrops of the 
limestone headlands (at number 54, Figure 6e).  
 
 

 
  Plate 13 Fossilised wood found in the rocky intertidal  
    zone 
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5.0 TERRESTRIAL ENVIRONMENT 
 
5.1 Flora, Regional Perspective 
 
Ceduna and its immediate hinterland, includes the development site is part of a coastal belt 
of native vegetation extending around the perimeter of both Murat and Denial Bays. 
Immediately inland of Ceduna are a number of blocks of various sizes of remnant native 
vegetation consisting primarily of older remnant Eucalyptus woodland. Many of these 
blocks are interconnected by broad roadside corridors especially along the Eyre highway.  
 
Both the coastal belt and the remnant terrestrial blocks of vegetation would together offer 
refuge and appropriate habitat for a large suite of local-native flora and fauna species. 
 
The regional terrestrial vegetation for the Eyre Peninsula has been described by Specht 
(1972) and Laut et al. (1977).  This region is described by Laut et al (1977) as the Ceduna 
Environmental Association, as follows: 
 
“An undulating calcarenite plain with overlying dunes, and low cliffs, lagoons and 
mangrove flats along the coast. Most of the plain has been cleared to an open parkland or 
grassland used for rotational cereal cultivation and livestock grazing, with small remnants 
of mallee woodland or open scrub. The dunes retain a native heath cover. The woodlands, 
open scrub and heath are used for extensive livestock grazing.” 
 
Specht (1972) described the original terrestrial plant cover over the area corresponding to 
the Ceduna Environmental Association in general terms as E. socialis – E. gracilis mallee.  
 
Buckley and Fotheringham (1987) and Oppermann (1999) also described the coastal 
vegetation for the Eyre Peninsula.  However, the nearest, surveyed locations to the Murat 
and Denial Bays area, were at Whittelbee Point and Laura Bay. 
 
The west coast is a semi-arid region typified by a Mediterranean climate, featuring cool wet 
winters and warm dry summers. Rainfall is low, with the annual average rainfall at Ceduna 
being 290 mm/year. The average maximum summer temperature is 28o C and the minimum 
18o C. 
 
5.2 Flora at the Development Site 
 
5.2.1 Vegetation Types 
 
The development site contains a number of local landforms, each with its associated 
vegetation communities. Behind the sandy beaches or mangrove flats there are small coastal 
dune fields. These then grade to either tidal flats artificially landlocked, or raised terrestrial 
dunes and plain. The latter have vegetation consistent with mallee woodland or at least its 
understorey. 
 
Essentially, the study area possesses two broad vegetation types, one consisting of coastal 
vegetation and the other of mallee woodland. A number of floristic communities were 
identified within these broad categories. These are mapped in Figure 7 and the species 
present for each community are recorded in Table 5. 
 



Figure 7
Terrestrial Vegetation 

Ceduna Marina Baseline Survey
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Considerable overlap of species occur across these floristic communities with species 
dominance changing with location and soil type. The floristic communities identified are: 
 

(a) Intertidal Mangrove Flats 
(b) Closed Coastal Dune Shrubland 
(c) Open Coastal Dune Shrubland 
(d) Salt Scald 
(e) Samphire Flats on Less Saline Soils 
(f) Low Saltbush ± Bluebush Shrublands (Atriplex ± Maireana spp.) 
(g) Tall Shrubland on Terrestrial Dunes 
(h) Mallee Woodland 
(i) The Golf Course 
(j) Roadsides 

 
These are briefly described below. 
 
(a) Intertidal Mangrove Flats 
 
As described earlier, small patches of relatively young Mangroves (Avicenia marina var. 
resinifera) occur around the coast. Their youth indicates recent colonisation. Beneath them 
are metre tall shrubs of Glasswort (Sclerostegia sp.) over a dense groundcover layer of 
Beaded samphire (Sarcocornia quinqueflora) and Austral seablight (Sueda australis).  
 
(b) Closed Coastal Dune Shrubland 
 
Inshore from the intertidal zone is a narrow sandy beach followed by a foredune, which 
extends the entire length of the development site. This dune is covered with a dense, 1 to 2 
m tall thicket of Nitre bushes (Nitraria billardierei) interspersed with Coastal saltbush 
(Atriplex cinerea) and Sea rocket (Cakile maritima). These are pioneer species, which have 
rapidly recolonised the newly formed coastal sand dunes. 
 
(c) Open Coastal Dune Shrubland  
 
The more recently formed coastal hind dunes are covered in open shrubland that is 
predominantly 0.5 to 1m tall Nitre bushes (Nitraria billardierei) and Marsh saltbush 
(Atriplex paludosa ssp. cordata). Above these, on the older and taller hind dunes are 
sparsely scattered taller shrubs such as Cockie’s tongue (Templetonia retusa), Sheep bush 
(Geigera linearifolia), Native apricot (Pittosporum phylliraeoides var. microcarpa) or Coast 
daisy-bush (Olearia axillaris). The bare ground beneath the above mentioned species is 
covered by a suite of smaller species including the Native pigface (Carpobrotus rossii) and 
Round-leaved pig-face (Disphyma crassifolium ssp. clavellatum).  
 
(d) Salt Scald 
 
Once a tidal flat, this low lying area is now landlocked. Bare, quite saline soil occurs 
between low (<30cm) samphire shrubs of only two species namely the Thick-headed 
samphire (Sarcocornia blackiana) and Glasswort (Sclerostegia sp.). These are pioneer 
species, which have colonised a newly formed environment after tidal flows ceased. 
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(e) Samphire Flats on Less Saline Soils 
 
Low-lying areas occur in several places that support predominantly samphires (Sclerostegia 
sp.) with a mixed shrub understorey. Secondary species include Bluebushes (Maireana 
brevifolia and M. oppositifolia), Nitre bush (Nitraria billardierei), Southern sea-heath 
(Frankenia pauciflora) and Round-leaved pig-face (Disphyma crassifolium ssp. 
clavellatum). These are also of recent composition, presumably since grazing has ceased, as 
evident by the lack of thick woody tissue amongst older plants. 
 
(f) Low Saltbush ± Bluebush Shrubland 
 
Found on open, low, sandy, terrestrial slopes and dunes, the predominant species is Marsh 
saltbush (Atriplex paludosa ssp. cordata) with secondary species which may include the 
bluebushes (Maireana brevifolia and M. oppositifolia) and Nitre bush (Nitraria 
billardierei). Occasionally the Nitre bushes form taller, mounding shrubs. A suite of smaller 
species also occurs. These are also of recent composition, presumably since grazing has 
ceased with many plants still too immature to flower. 
 
(g) Tall Shrubland on Terrestrial Dunes 
 
Three to four metre tall shrubs of Notable wattle (Acacia notabilis) with or without Dryland 
tea tree (Melaleuca lanceolata) predominate over a mid storey of 1 to 2 metre tall shrubs. 
These include Sheep bush (Geigera linearifolia), Native apricot (Pittosporum phylliraeoides 
var. microcarpa), Coast daisy-bush (Olearia axillaris), Umbrella bush (Acacia ligulata), 
Western coastal wattle (Acacia cyclops) and Leafless cherry (Exocarpos aphyllus). Beneath 
these is a broad range of low shrubs and groundcovers, the majority identical to those in the 
Low Saltbush / Bluebush Shrubland. Few of the taller species appear to be older than 10 
years. 
 
(h) Mallee Woodland 
 
Elevated locations of coastal dunes and terrestrial sites still contain patches of single species 
Eucalypts with their associated understorey. Besides the occasional older remnant tree, most 
appear to be younger than 20 to 30 years. The most common species is the Yorrell 
(Eucalyptus gracilis) with the Sessile-fruited white mallee (E. ‘anceps’) occurring in the 
golf course and a patch of Nundroo mallee (E. calcareana) occurring along the coastal hind 
dunes. Understorey shrub species were predominantly 1 to 3m tall and included Dryland tea 
tree (Melaleuca lanceolata), Sheep bush (Geigera linearifolia), Native apricot (Pittosporum 
phylliraeoides var. microcarpa), Coast daisy-bush (Olearia axillaris), Bluebush daisy 
(Cratystylis conocephala) and Leafless cherry (Exocarpos aphyllus). Beneath these was a 
suite of low shrubs and groundcovers, many similar to those found in other formations. 
 
(i) Golf Course 
 
This area was most likely covered with Mallee woodland originally before being cleared as 
many of the understorey species of this association still survive. Two distinct patches of 
remnant Sessile-fruited white mallee (E. ‘anceps’) remain with a patch of Samphire flat 
(Sclerostegia sp.) between them. Exotic eucalypts and other trees and shrubs have been 
planted around the fairways and along fencelines. These have not been identified. The 
fairways themselves are irrigated areas of Kikuyu (Pennisetum clandestinum) and Couch 
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(Cynodon dactylon). The roughs are essentially local native understorey vegetation, either 
left as low shrubby bands or have been mown.  
 
(j) Roadsides 
 
Few native species have survived the regular grading and soil disturbance in this zone. 
Native species found are Windmill grass (Chloris truncata) and New Holland daisy 
(Vittadinia sp.) which are both ready colonisers of disturbed sites. Dominant weed species 
include Feathertop Rhodes grass (*Chloris virgata), Stinkweed (*Dittrichia graveolens), 
Winged sea lavender (*Limonium lobatum) and False sow-thistle (*Reichardia tingitana).  
 
5.2.2 Condition of Vegetation and Conservation Status 
 
Buckley and Fotheringham (1987) record that patches of remnant, original vegetation 
remain around Murat and Denial Bays. Little of the remnant vegetation remains at the 
development site today, perhaps only a few straggling eucalypts and melaleucas, and these 
mostly contained within the two patches of mallee woodland in the golf course. Most of the 
native vegetation present is recent, due to re-colonisation after considerable past 
disturbances. It is still in a state of transition and new species are recolonising as evident by 
the fact that only juvenile plants are present for most of the species. 
 
As already mentioned, considerable disturbance of the site has occurred in the past. The area 
to the north of the Denial Bay/Davenport Creek road has been largely disturbed through 
stockpiling of road materials, excavations and the dumping of refuse. A former abattoir 
building is also present and it is likely that operations at the site would have contributed to 
disturbance in the area. The area to the south of the road and to the west of the Eyre 
Highway remains relatively undisturbed although there is evidence of recent camping 
throughout. To the east of the Eyre Highway, the intertidal area is also largely undisturbed 
although off-road bike trails have been constructed in the far northern corner and there has 
been some disturbance through road and rail construction. A quarantine station is also in this 
area. The study area incorporates the existing Ceduna golf course in the south.  Most had 
been cleared for farming and therefore kept relatively denuded, also resulting in minimal 
fauna habitat. Construction of the coastal roads has significantly altered the local geography 
by land-locking the tidal samphire flats. These changed conditions have resulted in a 
succession in species as former residents have perished and new coloniser species have 
replaced them.  
 
Part of the area had been grazed in the past.  The removal of grazing from all but a small 
section of the site has allowed native vegetation to re-colonise. This has been aided by the 
fact that few aggressive weed species are present to compete for newly available niches. 
Only where the soil remains disturbed, such as along graded roadsides or along vehicle 
tracks are perennial weeds present in any number. These weeds extend into the adjoining 
native vegetation for a number of metres before gradually thinning out. Even the annual 
weeds make little impact. Consequently the newly colonising native vegetation is growing 
vigorously and is generally quite healthy with little displacement by perennial weed species. 
 
Evidence for this re colonisation comes from the fact that few plants of any species appear 
to be in a mature state. Most vegetation appears to be less than 10 years old and even the 
few, scattered, older trees appear to be less than 20 to 30 years; with the exception of the 
two remnant patches of mallee woodland within the golf course.  
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Some stresses to native vegetation still occur as a result of : 
 

• trail bike traffic along rough tracks along the samphire flats and salt scald 
• a rubbish dumping site opposite the BP station 
• continual grazing by horses in one paddock 
• repeated mowing of most of the golf course site 

 
Three species found within the development site have a conservation status for the Eyre 
Peninsula Region according to Lang and Kraehenbuehl (2000). This simply means that they 
are present throughout the peninsula in low numbers. None were found in a mature state at 
the development site and most individuals present were small and with tender tissue. Few 
individuals were old enough to flower for the first time. Many are young enough to 
transplant to other sites. 
 
It is highly likely that they have recently colonised the site from adjacent scrub. Therefore, 
clearing the development site will, at worst, remove these new colonisers. It will have no 
impact on parent plants that are found elsewhere.  
 
The species are discussed below. 
 
(a) The Cotton bush (Maireana aphylla) has a conservation status for the Eyre Peninsula 

of Uncommon. Only a few immature individuals exist throughout the development 
site, and mostly within the golf course roughs. Native plant nurseries readily 
propagate plants from the Maireana genus from seed. 

 
(b) The Trailing hemichroa (Hemichroa pentandra) has a conservation status for the 

Eyre Peninsula of Rare. Only immature, non-flowering plants are present indicating 
that they are very recent colonisers to the site from elsewhere. The species is also 
found in nearby sites at Ceduna, so it is not uncommon for the area. The plant itself 
is an attractive, bright green groundcover, in its juvenile form, and could be well 
used within the landscaping plan of the future development. Judging by its 
morphology, it appears to be a species that would readily propagate from cuttings. 
These may need to be placed within a hothouse using the bottom heat technique. 
Propagation from seed is also a suitable method. 

 
It is recommended that 50 to 100 individuals of each of the above species be 
propagated and planted either within the landscaping arrangement of the 
development, such as the golf course roughs, or in nearby sites around Ceduna to 
compensate for the loss of individuals currently present. 

 
(c) According to Whibbley & Symon (1992) the Western coastal wattle (Acacia 

cyclops) is not found naturally in the Ceduna Environmental Association. As such it 
has been treated here as introduced, probably recently self sown from nearby civic 
plantings. It is, however acknowledged that Acacia cyclops is native to the western 
most section of the Eyre Peninsula where it has a conservation status of Uncommon.  

 



 27

5.3 Fauna 
 
Detailed fauna surveys of the Ceduna area are generally not available. Single day surveys of 
fauna will produce few results, as fauna residence is often temporary or seasonal. Only 
ongoing year-round survey work will provide an adequate picture of fauna populations 
present and their usage of a site.  
 
Nevertheless, habitat availability (i.e. habitat type and condition) is a sound indicator of 
potential fauna presence at a site. The presence of fauna is strongly related to the presence 
of appropriate habitat. Where habitat is lacking fauna will scarcely be found if at all. The 
overall picture of the development site is one of newly emerging vegetation communities 
developing after considerable disturbance due to clearing, grazing and road development 
with its attendant changes to local geography. This immense disturbance has meant that 
little habitat diversity existed until recently and most is still developing. As yet insufficient 
cover exists for most native fauna species to find shelter for breeding or from predators, 
both natural (e.g. hawks) and feral (e.g. cats and dogs). Proximity to the urban centre also 
gives the site another disadvantage in providing native fauna with competitive pressure from 
feral species such as rats and mice and predation by cats and dogs. Few local species were 
observed during the vegetation surveys and these in very low numbers. 
 
As mentioned earlier, the development site rests between two broad vegetation categories, 
one consisting of coastal vegetation and the other a terrestrial, mallee woodland. Both the 
coastal belt and the nearby remnant terrestrial blocks and roadside corridors of vegetation 
together offer refuge and appropriate habitat for a large suite of local-native flora and fauna 
species. In general, the further from Ceduna and Thevenard the better the condition of the 
habitat and therefore the more likely that fauna will shelter there.  
 
It can therefore be surmised that the general lack of appropriate habitat over much of the 
development site and the presence of suitable habitat nearby is likely to draw most species 
elsewhere with most of the development site becoming essentially a location for transient 
visitors. Loss of the development site to native fauna is therefore unlikely to make much 
impact on local fauna populations. 
 
5.3.1 Birds 
 
Species lists for terrestrial birds of Ceduna are not available. However, species present are 
most likely to be similar to those indicated on regional lists, as remnant blocks of terrestrial 
vegetation are relatively abundant both in the Ceduna hinterland and beyond to regional 
conservation parks. NPWS, (1991a) provide a bird list for the entire Far West Region while 
a bird list for the entire Eyre Peninsula and offshore islands is provided by Eckert et al. 
(1985). There is also a detailed bird list for the nearby coastal Conservation Park at Laura 
Bay (NPWS 1991b) and the nearby inland Yumbarra Conservation Park (Nature 
Conservation Society 1995).  
 
There is information available for coastal birds. NPWS officers at Ceduna were able to 
supply the following unpublished bird lists from an unknown source (Anon. 1999a &b). 
These are presented in Tables 6 and 7. All of the species mentioned in these tables feed 
along the shoreline, with perhaps the exception of seagulls, so are unlikely to be affected by 
the development.  
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Table 6 A Survey Of Migratory Birds That Use Shallow Shorelines Around  
  Ceduna.  

 
Sharp-tailed sandpiper 
Common sandpiper 
Curlew sandpiper 
Wood sandpiper 
Treck sandpiper 
Red-necked stint 
Green shank 
Ruddy turnstone 
Grey plover 

Lesser Golden plover 
Great knot 
Red knot 
Sanderling 
Eastern curlew 
Whimbrel 
Bar-tailed godwit 
Grey tailed tattler 
Mongolian plover 

 

Table 7 Other Waders And Water Birds Which Utilise Shallow Inshore 
  Waters And Tidal Flats Or Beaches Around Ceduna. 

 
Hooded plover 
Red capped dotterel 
Red kneed dotterel 
Pied oyster catcher 
Sooty oyster catcher 
Masked lapwing 
Banded stilt 
Black wing stilt 
Black swan 
White faced heron 
Eastern reef heron 
Chestnut teal 
Grey teal 
Musk duck 
Caspian tern 
Crested tern 
Fairy tern 
Pacific gull 
Silver gull 
Osprey 
White breasted sea eagle 
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5.3.2 Mammals and Reptiles 
 
As indicated above, being in close proximity to the Ceduna urban area, it is likely that there 
will be feral animals, wandering domestic cats and dogs and vermin. Several rabbits were 
seen but no burrows or warrens found. Fox scats were also not found. Lack of fresh surface 
water within the Ceduna hinterland will preclude the presence of amphibian species 
although they are found elsewhere within the Eyre Peninsula.  Horses are currently agisted 
on part of the development site.   
 
As mentioned previously, the coastal vegetation belt and the nearby regional remnant 
terrestrial blocks of vegetation together offer refuge and appropriate habitat for the full suite 
of local-native fauna species. Species present are likely to be similar to those for the entire 
Eyre Peninsula. These lists are available.  They include lists for mammals (Watts & Ling 
1985) and reptiles and amphibians (Schwaner et al 1985). The Nature Conservation Council 
(1995) also provides a detailed mammal and reptile list for the nearby inland Yumbarra 
Conservation Park.  
 
Again, it can be surmised that the general lack of appropriate habitat over much of the 
development site and the ready access to urban predators means that little opportunity 
currently exists for these species. 
 
 
6.0 ABORIGINAL HERITAGE 
 
6.1 Introduction 
 
This section presents the findings of an Aboriginal heritage study of the location for the 
proposed marina. The study was undertaken over two days: 13-14 April 2000, with the 
assistance in the field by Craig Westell. 
 
6.2 Consultation 
 
Consultation was undertaken in the first instance with Mitch Dunnett, the Aboriginal 
Liaison Officer with the Ceduna Council and a member of the Wirangu Aboriginal 
community. It was decided that the archaeological field survey would be undertaken 
followed by discussion of the results. In order therefore to further discuss the proposal and 
its implications, as well as the results of the survey, Mr Wayne Miller, a Wirangu elder was 
visited, accompanied by Mr Dunnett. 
 
Consultation was also undertaken with representatives of the Ceduna Aboriginal 
Community Council Inc., as requested by the State Aboriginal Heritage Committee. The 
Chairperson of the Council, Mr Oscar Richards, and Mrs Sue Hazeldine were subsequently 
shown over the study area following the field survey and the project discussed. 
 
The concerns of each of the above groups are included in the recommendations below and 
copies of the report were sent to both groups for comment. 
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6.3 Archaeological Background 
 
At the time of writing, the Register of Aboriginal Sites and Objects, maintained by the 
Department of State Aboriginal Affairs (DOSAA), was not open for access. An enquiry was 
however made as to whether there are any registered or reported Aboriginal sites within the 
study area. The results of this enquiry are included below. The accompanying register of 
previously undertaken cultural heritage reports was also closed at the time of writing. As 
such, the following information was obtained from previously held information. 
 
Of direct relevance to the present project is a study undertaken by Sarah Martin of 
Aboriginal fish traps on the Eyre Peninsula and West Coast (Martin 1988). The aims of the 
study were to "locate, record and determine method of operation of existing fish traps and to 
collect oral history and ethnohistorical information pertaining to their construction, history 
of use and method of operation" (Martin 1988:4). Hartley Clothier and Morris Miller were 
the two main interviewees for the west coast section of the study. 
 
In relation to the Ceduna area, Martin states that Mr Clothier said that: 
 
... there had been fish traps all the way along the foreshore from Thevenard to Halfway 
Camp in the Ceduna area. He pointed out the remains of these which are natural limestone 
reefs forming enclosures with minimal gaps that would have been blocked up by stones 
when in use (Martin 1988:46). 
 
Martin also recorded some information about 'Halfway Camp': 
 
The 'Tjinardu' law men used to sit on the high sand-hill near Halfway Camp and there was a 
fishtrap on the foreshore below. Hartley Clothier pointed out natural limestone reefs 
forming several enclosures in the intertidal zone. 
 
This fishtrap, known as Halfway Camp Fishtrap, is included in the general study area, 
although outside the proposed area for the marina, and Figure 8 shows its location. The site 
is a reported site and information on it is held by DOSAA. Other registered fishtraps occur 
further west at Duck Ponds. 
 
There has been one other study relevant to the present project. This was a survey carried out 
for Department of Transport for road widening of the Eyre Highway near the area where the 
Thevenard - Penong railway crosses (Walshe 1996). Despite a thorough field inspection, no 
Aboriginal cultural material was found. 
 
In summary there is one known Aboriginal site in the present study area. This comprises a 
natural fish trap. No other Aboriginal cultural material has been previously recorded.  
 
6.4 Study Methodology and Results 
 
The field survey was undertaken on Thursday 13 April 2000. The entire study area was 
subjected to detailed pedestrian survey with the emphasis being placed on the dunal areas in 
the west and north, but also covering the intertidal and mangrove areas. Visibility was 
generally excellent and there were numerous exposures where it was possible to ascertain if 
subsurface cultural material was present. 
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Aboriginal cultural material in the form of midden and stone artefacts was found in two 
locations within the study area and these are shown on Figure 8. Both areas are located in 
sand dunes adjacent to the coastline. Following are descriptions of the cultural material 
found. 
 
Area A 
 
The cultural material in this location is immediately inland from the recorded fish trap 
discussed above. It comprises a midden of a variety of locally available shell species, along 
with other faunal material such as fish, large mammal and crab. Numerous stone artefacts 
manufactured from silcrete, flint, chert and quartz are also present. The midden and stone 
artefacts occur in varying densities across the area and are interspersed with more recent 
evidence of camping, e.g. broken glass, tin cans, old blankets, mattresses, shoes, etc. This 
accords with the use made of the area as described to Martin (see above) and bears 
testimony to the continuity of Aboriginal occupation in this region. 
 
Area B 
 
This area of midden is located in the dunes north of the BP Service Station. In addition to 
midden material there are a small number of stone artefacts and, again, evidence of more 
recent occupation. According to Mr Mitch Dunnett this area is used frequently by 
hitchhikers to camp whilst waiting for lifts. Mr Dunnett also pointed out the location of a 
freshwater soak that exists in the area where the service station has been extended. The soak 
is located adjacent to the original natural channel leading from the coast to the intertidal area 
now on the eastern side of the highway. This channel has since been filled in. 
 
In addition to these two areas of cultural material, another area of dunes was pointed out by 
Mr Dunnett as being the location previously found burials. This area is on the eastern side of 
the Eyre Highway, immediately across from the junction of the Denial Bay Road. It was 
also pointed out that the swamp and wetlands area to the east of the Eyre Highway is of 
significance in terms of Aboriginal anthropology. 
 
 
7.0 DISCUSSION OF THE EFFECTS OF THE DEVELOPMENT 
 
7.1 Issues Addressed 
 
As previously indicated, the main issues addressed in this Environmental Assessment are: 
 

• The development of the Ceduna Keys Marina, and the loss of existing marine 
habitat of Murat Bay. 

• The effects of construction on the marine environment 
• The maintenance of good water quality in the marina and lake waterways. 
• The effects on the terrestrial environment, i.e. remnant flora. 
• Aboriginal Heritage issues. 

 
These are briefly discussed in the following sections. 
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7.2 Effects on the Marine Environment 
 
7.2.1 Marine Biological Communities 
 
Loss of Existing Marine Habitat 
 
There were no subtidal or intertidal marine habitats found in this survey that are of 
conservation status. This survey however was not an extensive assessment of all species 
present, therefore it cannot guarantee there are no species of conservation status in the area. 
The survey was rather an assessment of the community types in the area and their current 
condition.  
 
Habitats that would be removed by the marina include approximately 20-30% of the 
mangrove/samphire area, which at the time of survey consisted of approximately 120 
mature trees and 500 seedlings. This vegetation community is commonly found throughout 
the Southern Australia and is not threatened. The main area lost by the construction of the 
entrance groynes and marine opening is the sandy intertidal area of the main bay. The 
offshore entrance channel will be excavated through Zostera sp beds and areas of sand with 
sparse Posidonia sp. 
 
Development of Marine Biological Communities in the Marina Waterways 
 
It is important to appreciate that the marina basin, the lake and the various rock walls and 
breakwaters will provide habitat for marine fauna and flora. There are many examples of 
this occurring, and has been reported elsewhere in other constructed man made waterways, 
e.g. AGC (1990) Westlakes (EWS 1988) or marinas (Nixon et al 1973, William 1985, and 
AEC 1988).  This is perhaps not surprising, as it would also be common knowledge that 
jetty pilings rapidly become encrusted by a diversity of species, boat harbours are typically 
popular fishing spots, and that artificial reefs, using car bodies, tyres etc., are developed 
because they are known to be of value. 
 
The Lincoln Cove Marina, constructed in 1988, is very similar in many respects to the 
proposed Ceduna Marina. Shortly after the marina was constructed, a survey was 
undertaken to examine the development of marine communities and was reported in AGC 
(1990).  The following comments are taken from this source. 
 
At the time of observation the main entrance channel still had little vegetation, although at 
the seaward end scattered patches of Posidonia australis remained and Heterozostera 
tasmanica were now colonising the disturbed sediments. Most of the channel bed was 
covered with a deep, soft layer of fine sediment and is marked by abundant worm mounds. 
Notable benthic animals in this area were sipunculid worms, the holothurian Stichopus 
mollis and an echiurian. 
 
The marina basin bottom was covered with a deep, soft layer of fine sediment, which is 
easily disturbed. Some of the basin was similar to the channel bed, with worm mounds and 
sabellid worm tubes. Elsewhere, the bottom was covered by growths of macroalgae. Over 
much of the area a red algae (Spyridia, probably S. breviarticulata) formed a monospecific 
layer (10cm thick) resting on, but not attached to, the bottom. There were also many areas of 
bottom covered by attached mats of a short, filamentous form of this algae.P The species of 
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algae and their abundance would almost certainly vary seasonally.  The growth observed 
was not regarded as excessive. 
 
The lack of stability of the sediment and flora associations of the marina bottom was 
attributed to the recency of construction. The land areas around the waterways at the time of 
observation were still being vegetated. 
 
Some small patches of the seagrass, Halophila australis, were well established in the 
southern part of the main basin.  Further growth in the basin may occur. 
 
The rock walls were examined during the survey. These were characterised, at shallow 
depths, by growths of the cosmopolitan initial colonising green algae Enteromorpha 
flexuosa; associated with Cladophora sp. along the southern side of the channel.  Blue-green 
algae were also abundant on the northern wall, although they were absent on the southern 
wall.  Fine red algae (Pleonosporium sp.) dominated the rock surface at depths greater than 
2 metres, with other reds (Nemalion helminthoides) and brown algae (Colpomenia 
peregrina and Lomentaria australis) were also common.  The tubular algae N. 
helminthoides is particularly common the southern rock wall. 
 
The barnacle Balanus amphitrites was common in places, as was the butterfly shell 
Electroma georginiana.  The oyster Ostrea angasi was very abundant on some of the pilings 
along many of the rock walls.  These animals live attached to hard substrata from the sub-
littoral fringe down to the bottom of the marine (4-5m).  Significant numbers of oysters 
were being harvested for local consumption. 
 
A number of fish species were observed in the marina waterways during the survey 
including Magpie Perch (Coniistius vizonarius), Dusky Morwong (Psilocranium nigricans), 
Common Bullseye (Liopempheris multiradeata), Blenny (Pictiblennius tasmanianus) and 
Cobi (Cobiidae sp.). 
 
These species are typically associated with rocky reefs and were probably present originally 
on the small reefs edging Porter Bay.  These fish, then, are indicative of the new marine 
community becoming established in the environment created by the marina. 
 
A number of species of recreational importance, including mullet and whiting, are also 
caught in the marina. 
 
Overall, it was apparent that the marina was rapidly being colonised by marine flora and 
fauna and because of the array of habitats available, rock walls, sandy substrate pilings etc. 
would likely eventually be a relatively diverse community. 
 
7.2.2 Effects During Construction 
 
Construction activities can also potentially be very significant, depending upon the method 
of construction, season and duration of operation.  If constructed in open water, the main 
dredging effect would be the resuspension of silts into the water column increasing turbidity 
and causing siltation of adjacent habitats. 
 
It is understood from the proponent that the preferred method of marina construction will 
almost certainly be construction in the dry, i.e. breakwaters will be placed first as a 
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continuous barrier and the basin pumped out.  Only after the basin has been excavated, will 
the marina be opened to tidal movement. This was the method employed for the Lincoln 
Cove Marina in Porter Bay.   
 
A post construction survey was undertaken (AGC, 1990) to examine the condition of the 
marine communities immediately adjacent to the Lincoln Cove Marina and to compare them 
to a marine baseline survey undertaken in 1985 (Manning, 1985).  The distribution of the 
main subtidal communities recorded during the pre-construction surveys is shown in 
Appendix 2.  During the post construction survey emphasis was given to examining the area 
in close proximity to the marina and entrance channels in order to determine the degree of 
any disturbance.  Particular attention was given to the seagrass beds because of their 
importance and reported extent.  Beds of Posidonia australis are immediately adjacent to 
the development.  In the post construction survey it was found that offshore of the 
development these communities were in the same condition as previously observed.  The 
only observed change was in a localised area immediately, adjacent to the dredged entrance 
channel (see Appendix 2).  As expected, as a consequence of the construction there was 
some disturbance.  There were some bare areas, probably created during the construction, 
immediately adjacent to the channel edge, but which were being colonised by Heterozostera 
sp.  The remaining Posidonia seagrass in this disturbed area had increased epiphytic growth 
but this was not excessive.  Elsewhere however, the seagrass beds appeared to be in the 
same condition, even in the areas immediately adjacent to the new beaches created as part of 
the development. 
 
Overall the impact on the marine biota in Porter Bay is apparently limited to the area of 
construction.  Importantly, disturbed areas immediately adjacent to the site are being 
recolonised.   
 
Inevitably, during construction there will be some disturbance of sediments, with some 
being released to the water column.  However, the method of construction will greatly 
minimise this.  There have been many studies of the effects of construction (dredging) 
activities on marine communities and it is consistently reported that the effects are localised 
and transitory, and that disturbed areas rapidly recover. 
 
7.3 Water Quality and Compliance with the Marina Guidelines, and State 

Government Legislation 
 
It is intended that the marina basin and inland lake have a good water quality status, in order 
to: 
 

• Facilitate the development and maintenance of a diverse and healthy marine aquatic 
fauna and flora. 

• Be suitable for contact recreation. 
• Have an attractive appearance, and be relatively free of nuisance algal growths. 

 
Ensuring good water quality in the system essentially involves: 
 

• Providing adequate water circulation in the system and regular exchange with 
marine waters. 

• By design and management, controlling potential sources of contamination. 
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These are briefly discussed below: 
 
7.3.1 Water Circulation and Exchange with Marine Waters 
 
Experience elsewhere indicates that a hydraulic residence time of between 7-11 days is 
adequate to ensure good water quality.  It is found that it is only with systems that have 
extended residence times, or are extensive in length, up to 5 Km, and/or have major inputs 
from surrounding catchments, that water quality problems occur.  As indicated above, the 
average residence time will be between 3-5 days, which will ensure good water quality in 
the marina.  Also important, however, is the control of potential sources of contamination.  
This is separately addressed below: 
 
7.3.2 Control of Potential Sources of Contamination 
 
Measures are to be put in place for the most significant potential sources of contamination.  
In this regard the development will be consistent with relevant guidelines and State 
Government legislation. Relevant guidelines include the South Australian Coastal Marina 
Development Strategy for Recreation Boats, Rep. No. 1 Marina Guidelines (DEP 1990) and 
the more recent EPA Stormwater Management for Marinas, Boat Sheds and Shipways (EPA 
2004). 
 
As indicated in EPA (2004), the stormwater pollution is covered by the Environment 
Protection (Water Quality) Policy (2003) (under the EPA Act 1993) and various other Acts. 
Also as indicated the Water Quality Policy provides for the most specific protection for the 
waters. 
 
Referring to the guidelines, and with regard to the EPA Water Quality Policy, the key points 
to note are: 
 
(1) No waste shall be discharged into a marina either from the land or from  
 vessels. 
 
 It is intended by the proponent that: 
 

• Sewage effluent from the associated urban development and from boats. 
 

All waste will be taken to the new WWTP outlined in the Ceduna Keys 
Engineering Assessment (DSC, 2004) and treated effluent irrigated. 
Consequently this will pose no risk to the basin or adjacent marine environment. 
There is no discharge to the marine environment. 

 
• Refueling. 

 
As indicated in the Engineering assessment (DSC, 2004), one refuelling area is 
intended to service both commercial and recreational boats.  Fuel storage tanks 
are likely to be underground, with supply lines to bowsers at the wharf.  Bunding 
and drip trays would be provided in areas such as around the bowsers,  The 
underground tank will need to be periodically checked to detect any 
deterioration, in order to prevent fuel loss to the marina.  This should be 
specified in the ongoing maintenance plan.  Stormwater from service areas and 
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the commercial area will be diverted to a detention basin and will not discharge 
to the marina. 

 
(2) Major stormwater and other land based discharges shall not discharge into 
 the marina. 
 

The development is not located on an estuary or on a major watercourse, which has a 
large inland catchment. Currently there is no major watercourse entering the 
development area, nor any major stormwater outlets into the marina from the 
Ceduna urban area. As indicated in Engineering Assessment (DSC, 2004), the 
adjacent rural catchment will only produce runoff during major events. There will be 
some stormwater runoff from the development. Because of the configuration of the 
development, this could not all be intercepted and ponded. Measures are being taken 
to minimise the quantity of stormwater entering the waterways, including measures 
such as swales etc. to also reduce the quantities of pollutants in the runoff.  
Significantly, rainwater tanks plumbed into the houses will utilise much of the roof 
runoff.  Surplus clean roofwater will be diverted to the marina and not to the road 
drainage system.  Overall, only 20% of the total stormwater will be diverted direct to 
the basin (not inc clean excess roof runoff), and this will have been through GPTs.  
Within the waterways, because of the relatively small volumes involved, the size of 
the marina basins and scale of tidal exchange, the effects are likely to be localised 
and transitory. 
 
Some of the stormwater from the urban areas will be diverted to detention basins.  
Although indicated at this stage as detention basins, they will be landscaped and 
designed to maximise pollutant removal, having aquatic microphyte vegetation 
(reeds etc.).  
 

(3) A marina should have an oil spill contingency plan to minimise the impact and 
provide for the adequate cleanup of any oil/hydrocarbon fuel spillage. 

 
While fuelling facilities for diesel fuel and petroleum would normally be 
provided, the risk of contamination of the marina, and the marine environment is 
very small. In this regard the following are to be noted: 
 
• Fuel storage areas would be bunded as part of normal design. 
• Private storage of fuels is also discouraged. 
• Light oil fractions are rapidly lost to the atmosphere. Most concern with oil 

spills is where there are large volumes involved, particularly crude or bunker 
oils.  In this instance, the most likely scenario is a small spill during fuelling.  
The volume involved would be small. 

 
However, an oil spill contingency plan will be prepared as part of the 
environmental management plan for the marina. Booms could be placed at the 
entrance to the marina or at the entrance to the commercial basin. 

 
(4) Boat Maintenance, Repair Works, Hull Cleaning, Painting and Anti 
 

These are identified in EPA (2004) and the EPA Code of Practice for Marina and 
Boating Management as significant potential sources of contamination including: 
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• Solvents 
• Oils, grease, lubricants 
• Anti  substances, such as copper ans TBT (tributyltin) 

 
Consequently these activities will not occur in the marina. Boat owners requiring 
such activities will need to take their vessel to another location. Such activities are 
also incompatible with the residential nature of the development. 
 

(5) Bilge and Ballast Water 
 

It is understood that boat owners using the marina will also be required to comply 
with the EPA Code of Practice and be discouraged from discharging bilge water. 
 
A separate facility will be provided for the disposal of ballast water. When required, 
pump out from holding tanks to mobile tankers could be undertaken. This avoids the 
problem of the potential introduction of pest species into the marina from visiting 
larger vessels.  

 

7.3.3 Monitoring 
 
A long-term water quality monitoring programme of the waterways will be established as 
part of a marina management plan. This will be developed in consultation with the EPA, 
and will include: 
 

• The collection of water samples within the marine and at selected locations in the 
Bay adjacent to the marina, with analysis for: 

• nutrients 
• faecal bacteria 
• heavy metals 
• hydrocarbons 

 
• Field measurements will be taken of: 

• dissolved oxygen/temperature 
• turbidity (secchi disc) 

 
• Sediment samples will be collected in the marina basin and analyse for: 

• heavy metals 
• TBTs 
• hydrocarbons 

 
• A biological monitoring programme will be established in order to: 

• monitor the quality of algal growth (particularly of any nuisance algal 
mass) 

• the development of marine communities within the marine. 
• detect the occurrence of any introduced pest species. 

 
This monitoring programme will be regularly reported to the EPA 
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Additional potential sources of contamination, the risk of which can be minimised by 
careful design and/or management are: 
 

• General fertiliser use on the adjacent golf course, and newly landscaped areas. 
• The exposure of acid sulphate soils in the excavation of the waterways. 

However, adverse effects can be prevented, if these are either removed or never 
exposed to air during the life of the system, i.e. kept inundated. 

 
Overall, it is anticipated that the water in the basin and lake, will be generally that of the 
waters of Murat Bay, and should achieve the required use objectives. 
 
7.4 Effects on the Terrestrial Environment 
 
The proposed development will involve the removal of part of the small areas of mallee 
woodland, the tall shrubland on the terrestrial dunes.  As indicated earlier in Section 5.0, this 
is newly regenerated vegetation after post disturbance, and these associations are 
widespread in the region. 
 
The samphire flats and low saltbush/bluebush (Atriplex/Mareana spp.) will also be removed 
by development and altered by the reintroduction of tidal flows.  
 
Overall, the development, as proposed in the initial concept plan, will not impact on any 
significant areas, or any areas on which any fauna species are dependent for survival in this 
region. 
 
Importantly, the dune shrubland immediately north of the Ceduna township and the area 
where fossilised wood occurs, will not be effected. 
 
7.5 Aboriginal Heritage 
 
The cultural material present in both Area A and Area B, as well as the previously recorded 
fishtrap, are located outside of the area for the proposed development. No other sites were 
identified within the area of proposed development.  There are, therefore, no reasons for the 
development not to commence. 
 
The following recommendations are made in relation to the Aboriginal cultural material 
located outside of the project area during the survey of the proposed development. The 
recommendations also include those highlighted through the consultation process as being 
important to the relevant Aboriginal communities. 
 

• Should it become necessary, in the future, for the material present in Areas A 
and B to be disturbed or destroyed, an application for permission to do so 
will be required from the Minister of Aboriginal Affairs, under Section 23 of 
the Aboriginal Heritage Act 1988.  

 
• It is recommended that any new channel to be excavated in the reinstatement 

of the swamp and wetlands on the eastern side of the Eyre Highway be 
excavated in the vicinity of the original channel. 
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• It is recommended that the area in the vicinity of the freshwater soak be 
fenced off and revegetated. 

 
• It is recommended that signs be erected which acknowledge the traditional 

Aboriginal owners of the region and the significance of the area to this 
group. 

 
• It is recommended that consultation with the Aboriginal groups continue to 

ensure full acquaintance with the development proposal and all it entails. 
 
• Should Aboriginal burials be unearthed during excavations associated with 

the development, work should stop immediately and contact made with 
Mitch Dunnett as well as the Department of State Aboriginal Affairs, for 
advice on how to proceed. 

 
The proponent is aware that all Aboriginal sites, objects and remains in South Australia are 
protected by provisions of the Aboriginal Heritage Act, 1988, which makes it an offence to 
collect, damage or destroy Aboriginal sites, objects or remains without the written 
authorisation of the Minister for State Aboriginal Affairs. 
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APPENDIX  1 
 
 
 
      Marine Survey Results 
 



Ceduna marina baseline survey
Site 1

Date 6/04/2000 Time 7:47

Depth (m) 3.9 Visibility 5m

Lat (E) 373731 Long (N) 6445466

Weather Fine, sunny, (17oC), 0-5 knots

General description Fine sand, alot of silt in water, Sargassum sp., sparse Posidonia sp. patches/algae, few sponges, 
worm holes

Quadrat data

Quadrat Taxa Relative abundance
3 egg masses on Posidonia spp. 2

2 gastropods on Posidinia sp. 4

3 Posidonia spp. 4

2 Posidonia spp. 4

1 Posidonia spp. 4

3 worm holes 2

2 worm holes 2

1 worm holes 2

Site 2

Date 6/04/2000 Time 9:00

Depth (m) 3.6 Visibility 5m

Lat (E) 373542 Long (N) 6445858

Weather Wind increasing

General description Silty, sponges, Pinna, Posidonia sp. dense/algae, worm holes, several fish types (pipe, soldier, 
spider crab)

Quadrat data

Quadrat Taxa Relative abundance
2 fish (1) 1

3 gastropods on Posidonia spp. 2

1 gastropods on Posidonia spp. 2

2 Pinna sp. (1) 2

1 Pinna sp. (1) 1

3 Posidonia spp. 4

2 Posidonia spp. 3

1 Posidonia spp. 5

2 sponges 1

1 sponges (1) 2

1 sponges on Pinna sp. 2

3 worm holes (6) 3



Site 3

Date 6/04/2000 Time 10:45

Depth (m) 4.3 Visibility

Lat (E) 373991 Long (N) 6445476

Weather Wind increasing

General description Sandy/ shell grit, less silt, shrimps, sponges, fish, Pinna, Scabaria sp., Posidonia sp. patches/algae

Quadrat data

Quadrat Taxa Relative abundance
1 algae 2

3 Ascidian (2) 2

2 gastropods on Posidonia spp. 1

1 gastropods on Posidonia spp. 2

3 Pinna sp. 2

2 Pinna sp. 3

3 Posidonia spp. 3

2 Posidonia spp. 4

1 Posidonia spp. 3

1 rock (limestone) with encrusting algae 2

2 sponge on Pinna sp. 1

Site 4

Date 6/04/2000 Time 11:30

Depth (m) 2.5 Visibility good

Lat (E) 374498 Long (N) 6444965

Weather Calm, sunny, NE winds- 0-5 knots

General description Rocky bottom/silt/sand, Sargassum sp., Posidonia sp./algae, Red algae

Quadrat data

Quadrat Taxa Relative abundance
3 brown algae 3

2 brown algae 2

2 Mussell- lg 1

2 Pinna sp. 1

2 Posidonia spp. 2

1 Posidonia spp. 2

3 red encrusting algae 1

1 red encrusting algae 2

3 red foliaceous algae 2

3 Sargassum sp. 3

1 Sargassum sp. 2

3 Scabaria sp. 2

3 Scleractinia 2

1 worm holes 1



Site 5

Date 6/04/2000 Time 13:00

Depth (m) 2.9 Visibility

Lat (E) 374361 Long (N) 6445622

Weather Slight winds, 5-10 knots, slightly overcast

General description Rocky bottom/silt/sand, a lot of filamentous algae/slime, Sargassum sp./algae

Quadrat data

Quadrat Taxa Relative abundance
3 Mussles- sm 2

3 red encrusting algae 1

2 red encrusting algae 2

3 red foliaceous algae 2

2 red foliaceous algae 3

1 red foliaceous algae 3

3 Sargassum sp. 2

2 Sargassum sp. 2

1 Sargassum sp. 2

2 Scabaria sp. 5

2 Scleractinia 2

Site 6

Date 7/04/2000 Time 8:30

Depth (m) 4.1 Visibility 10m

Lat (E) 373620 Long (N) 6445243

Weather Fine, sunny, no wind, flat and clear waters

General description Fine sediment/silt/shell grit, brown algae. Posidonia sp./algae, Pinna

Quadrat data

Quadrat Taxa Relative abundance
3 Pinna sp. 3

1 Pinna sp. 1

3 Posidonia spp. 2

2 Posidonia spp. 2

1 Posidonia spp. 3

2 small gastropods on Posidonia spp. 2

1 small gastropods on Posidonia spp. 2

1 sponge on Pinna sp. 1

3 sponges on Pinna sp. 2



Site 7

Date 7/04/2000 Time 9:40

Depth (m) 4.4 Visibility 7-8m

Lat (E) 373793 Long (N) 6445575

Weather Sunny, fine, no wind

General description Silty sand, lots of worm holes, sparse patches of Posidonia sp./algae, Pinna

Quadrat data

Quadrat Taxa Relative abundance
1 Ascidian 1

2 brittle star 1

3 Pinna sp. 1

1 Pinna sp. 4

3 Sargassum sp. 1

3 small fish 1

3 small sponge 2

1 sponges on Pinna sp. (2) 1

3 turfing green algae 1

1 worm holes (4) 4

3 worm holes (5) 4

2 worm holes (5) 4

Site 8

Date 7/04/2000 Time 10:45

Depth (m) 3.3 Visibility 5-6m

Lat (E) 373892 Long (N) 6445788

Weather NE wind, 0-2 knots, fine, sunny

General description Silty, many worm holes, ascidians, sparse Posidonia sp./algae

Quadrat data

Quadrat Taxa Relative abundance
3 Ascidian (2) 4

1 brittle star 1

3 green turfing 1

3 Pinna sp. 4

2 Posidonia spp./algae 2

3 red algae 1

3 Sargassum sp. 1

1 worm holes (7) 6

2 worm holes (9) 6



Site 9

Date 7/04/2000 Time 11:50

Depth (m) 4.4 Visibility poor

Lat (E) 374151 Long (N) 6446129

Weather Fine, sunny, strengthening westerly, 5 knots

General description Lots of fine silt, mucous like material throughout water column; many worms and sand,  Sargassum 
sp., ++ algae

Quadrat data

Quadrat Taxa Relative abundance
1 large hole (?sp) 1

2 Sargassum sp./algae 3

3 worm holes 4

2 worm holes 4

1 worm holes 6

Site 10

Date 7/04/2000 Time 12:45

Depth (m) 3.6 Visibility poor

Lat (E) 374362 Long (N) 6446309

Weather High wind gusts, waves 0.5m

General description Posidonia sp/algae. and sand patches; Pinna; slime/algae, red algae

Quadrat data

Quadrat Taxa Relative abundance
3 barnacles on Pinna sp. 2

1 barnacles/limpets on Pinna sp. 3

2 large hole (?sp) 1

3 Pinna sp. 1

1 Pinna sp. 1

3 Posidonia spp./algae 4

1 Posidonia spp./algae 4

3 red algal mass 1

2 red algal mass 2

3 worm holes 3

2 worm holes 6

1 worm holes 4



Site 11

Date 8/04/2000 Time 7:45

Depth (m) 2.1 Visibility

Lat (E) 373784 Long (N) 6446140

Weather Fine, sunny, (17oC), flat, light breeze

General description Zostera, small patches of Posidonia sp., sandy patches, ascidians, ++ algae

Quadrat data

Quadrat Taxa Relative abundance
3 dead sponge 1

3 large hole (?sp) 3

2 large hole (?sp) 3

1 large hole (?sp) 3

3 Pinna sp. 2

2 slime/algae 5

1 slime/algae 5

3 worm holes 1

2 worm holes 1

1 worm holes 2

3 Zostera sp. 2

2 Zostera sp. 5

1 Zostera sp. 5

Site 12

Date 8/04/2000 Time 8:50

Depth (m) 1.8 Visibility 6m

Lat (E) 373506 Long (N) 6446093

Weather Fine, sunny, 5 knot winds from NNE

General description Posidonia sp./algae/ sand,  Sargassum sp., many sponges

Quadrat data

Quadrat Taxa Relative abundance
1 barnacles on Pinna sp. 2

3 brown algae on rock 2

1 brown algae/slime 5

1 Holothuroidea 1

2 Pinna sp. 2

1 Pinna sp. 5

3 Posidonia spp. 2

2 Posidonia spp. 4

1 Posidonia spp. 2

1 red algae 2

2 red foliaceous algae 1

3 rock (10x10cm) 1

3 Sargassum sp. 1

2 Sargassum sp. 2

1 Sargassum sp. 3



Site 13

Date 8/04/2000 Time 9:45

Depth (m) 1.8 Visibility 5m

Lat (E) 373992 Long (N) 6446373

Weather Fine, sunny, increasing NNE wind, 5-10 knots

General description Sand/shell grit bottom, Posidonia sp./algae on leaves, worm holes, Pinna

Quadrat data

Quadrat Taxa Relative abundance
2 abalone on Pinna sp. 1

3 barnacles on Pinna sp. 2

2 barnacles on Pinna sp. 2

1 egg masses on Posidonia spp. 1

3 encrusting red algae on Pinna sp. 2

2 green turfing algae on Pinna sp. 2

3 large hole (?sp) 1

2 large hole (?sp) 1

1 large hole (?sp) 1

3 Pinna sp. 1

2 Pinna sp. 2

1 Posidonia spp. 5

3 Posidonia spp./algae 4

2 scallop on Pinna sp. 2

1 worm holes 3



Site 14

Date 8/04/2000 Time 10:25

Depth (m) 3.1 Visibility 3m

Lat (E) 374398 Long (N) 6445844

Weather Same as 13

General description Silty/shelly sand, worm holes, Posidonia sp./algae, Pinna

Quadrat data

Quadrat Taxa Relative abundance
2 barnacles 1

3 brown algae/slime 1

2 egg mass 1

2 gastropods on Pinna sp. 1

2 large hole (?sp) 1

3 large hole (?sp) 1

2 Pinna sp. (2) 2

2 Posidonia spp./algae 2

1 Posidonia spp./algae 4

2 red encrusting algae 1

2 red foliaceous algae 1

2 scallops 2

2 sponge on Pinna sp. 2

3 worm holes 6

1 worm holes (3) 2

2 worm holes (4) 3

Site 15

Date 8/04/2000 Time 11:25

Depth (m) 4.3 Visibility 3m

Lat (E) 374156 Long (N) 6445864

Weather same as 14, becoming calmer

General description Sand, worm holes, sparse Posidonia sp./algae, sparse Pinna with sponges

Quadrat data

Quadrat Taxa Relative abundance
2 large hole (?sp) 2

1 large hole (?sp) 1

1 Posidonia spp./algae 2

3 worm holes (10) 6

2 worm holes (9) 5

1 worm holes (9) 5
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LIMITATIONS STATEMENT 
 
The sole purpose of this report and the associated services performed by Delta Environmental Consulting is to 
conduct an environmental assessment of the proposed Ceduna Keys site in accordance with the scope of services 
set out in the contract between Delta Environmental Consulting (‘Delta’) and Eco Management Services (‘the 
Client’). That scope of services was defined by the requests of the Client, by the time and budgetary constraints 
imposed by the Client, and by the availability of access to the site. 
 
Delta derived the data in this report primarily from visual inspections, examination of records in the public domain 
and interviews with individuals with information about the site. The passage of time, manifestation of latent 
conditions or impacts of future events may require further exploration at the site and subsequent data, analysis and 
a re-evaluation of the findings, observations and conclusions expressed in this report. 
 
In preparing this report, Delta has relied upon and presumed accurate certain information (or the absence thereof) 
relative to the site, provided by government officials and authorities, the Client and others identified herein. 
Except as otherwise stated in the report, Delta has not attempted to verify the accuracy or completeness of any 
such information. 
 
The findings, observations and conclusions expressed by Delta in this report are not, and should not be considered, 
an opinion concerning environmental or operational liability. No warranty or guarantee, whether express or 
implied, is made with respect to the data reported or to the findings, observations and conclusions expressed in this 
report. Further, such data, findings, observations and conclusions are based solely upon site conditions and 
information in existence at the time of the investigation. 
 
This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in 
connection with the provisions of the agreement between Delta and the Client. Delta accepts no liability or 
responsibility whatsoever for or in respect of any use of or reliance upon this report by any third party. 
 
 
Document history: 
Draft released for comment: 30/12/2004 
Final version printed (edits in avian section and typography): 01/02/2005 
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1. Introduction 
Delta Environmental Consulting was approached by Eco Management Services to conduct a 
range of biodiversity surveys on a site at Ceduna on the Eyre Peninsula. The site is proposed 
for use as a marina and residential development. The developers have already submitted a 
Draft Environmental Impact Statement, dated 11 August 2004 to Planning SA. Planning SA 
has forwarded comments about the Draft EIS to the proponents, who in turn have requested 
that Delta Environmental Consulting provide them with information that would enable them 
to respond to the comments. 
 
The client specifically required the following tasks be undertaken to aid them in preparing a 
response to feed back on their draft Environmental Impact Statement: 

1. Reassessing the current state of vegetation on the non-tidal (terrestrial) subject area, 
and describing the possible impacts of any development on this vegetation.  

2. Discussing any known species that occur in the area that may trigger the EPBC Act or 
state legislation, and completing appropriate fauna assessments to fill in knowledge 
gaps to allow a detailed assessment.  

3. Calculating the relative area of each terrestrial and intertidal vegetation community 
type that may be lost, including a description of the condition and/or health of the 
vegetation. The layout plan of the current proposed development would be laid over 
this vegetation map to support this information. 

4. Assessing any risk that large birds attracted to the site may pose to the nearby airport, 
including an assessment of current bird usage of the site. 

5. Establishing a good baseline level of data related to intertidal flora and fauna, using a 
repeatable methodology that will allow identification of impacts post-development. 
Plants and animals growing or living in the intertidal zone should be collected and 
identified to species level if possible. All methodologies should be documented so 
that the surveys could be replicated by other organizations if required. 

 
Delta Environmental Consulting committed to undertake the following activities:  

1. Assess the history of the site including past uses, clearance dates and past 
biodiversity. 

2. Conduct a full vegetation survey using DEH standard methods and preparation of 
maps/overlays. 

3. Calculate the potentially impacted areas, habitat types, percentages of total area and 
current vegetation health. 

4. Conduct fauna observations, tracks & scats analysis for mammals & reptiles. 
5. Conduct diurnal invertebrate sweeps & night-time light trapping of nocturnal insects. 
6. Undertake point counts & observations for birds. 
7. Assess which birds presently pose a risk to aircraft and whether changes as a result of 

the proposed development may increase strike risk. 
8. Complete 20 quadrats & 20 sediment cores to quantify and identify algae and/or 

animals present in the intertidal zone (to species level where practicable). 
9. Prepare a report summarising the results of surveys or assessments
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2. Consultant 
Delta Environmental Consulting is an independent South Australian consulting business. The 
company provides services in the areas of: biological survey work, environmental education 
programs, saltfield technology and saline wetland ecology, scientific illustration & desktop 
publishing, preparation of herbarium and museum specimens, taxonomy and classification, 
revegetation and rehabilitation, and computer application development. 
 
The company is a member of Standards Australia, and its quality assurance management 
system has been third party certified to the international Q-base standard by NATA 
Certification Services International. A copy of the scope of certification is available on 
request. 
 
Delta Environmental Consulting has a policy of continuous improvement in the areas of: 
• providing a quality service to our clients 
• providing ongoing training and educational opportunities for our consultants 
• maintaining high standards in the areas of health, safety and environment both within 

Delta and while working with our clients 
 
The consultants undertaking this project are detailed in Appendix VIII - Details of 
Consultants. 
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3. The site 

3.1 Location and landform 
The land being investigated is situated on a coastal floodplain on the northern outskirts of 
Ceduna, around the shores of Murat Bay. The land is owned largely by three organisations - 
the Crown, the Ceduna Regional Council and the Aboriginal Lands Trust. There are several 
other stakeholders, in the form of easement owners and lessees.  
 

 
Figure 1 - Approximate boundaries of study site, outlined in blue 

 
Historic aerial photographs of the area reveal that the land has been used for various purposes 
including sand mining, grazing and rubbish dumping. There has been no attempt to revegetate 
the site, with most trees currently present on the site pre-dating the 1950’s aerial photograph. 
Existing published species lists for the surrounding areas were also obtained where available, 
as these aid in assessing the potential for species not in evidence at the time of the survey. 
 
The photograph presented in Figure 2 is an aerial view of the land area being investigated in 
this survey, overlayed with the proposed development in fine black lines.  
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Figure 2 - Aerial photograph of the survey site (derived from provided concept plan) 

 
The property occupies a centroid located at approximately Zone 53H 374745 E and 6446831 N 
(Aust Geodetic Datum 1984). The land comprises a large central stranded tidal saltmarsh 
surrounded by coastal dunes to the southwest and northwest and cleared farmlands on the 
landward boundaries of the central basin. The land shows limited signs of being filled, with 
the only fill sites being located near the fuel station and for rail and road reserves. The block 
was partially cleared prior to 1949, leaving small stands of trees and the current samphire 
shrub land.  
 
The main highway was constructed prior to 1950, and the samphire swamp on the claypan 
was probably cut off from the tide at this time. It is likely that there may be areas of Acid 
Sulfate Soils within the stranded salt marsh. There will be areas of Potential Acid Sulfate 
Soils underlying the intertidal saltmarsh and mangrove areas. There may be areas of Potential 
Acid Sulfate Soils in the seagrass beds of the intertidal and subtidal areas. 
 
The soils on the site are variable, with areas of saltmarsh clays, intertidal sediment, sodic clay 
and sands. The current saltpan is underlaid with a hard layer, similar to a duripan found in 
vernal pools, which may be a contributing factor to the continued existence of these 
samphires. In some locations, areas of this pan have been dug up, possibly in an attempt to 
drain the pan. In the pits remaining on the pan surface, numbers of sub-fossil shells are 
visible, including shells of the beaked mussel Brachiodontes rostratus, the queen scallop 
Chlamys bifrons, the anemone cone shell Conus anemone, and two species that may be 
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remnants from the last high stand of the sea - a circular cockle, possibly Circe weedingi, now 
only occurring in Gulf St Vincent and Spencer Gulf, and the mud ark or Sydney blood cockle 
Anadara trapezia, now extinct in South Australia.  
 
Prior to clearance and road construction, this area would have resembled the nearby 
Davenport Creek salt marsh. Further details regarding the land use and vegetation history of 
the site are included in the site history section of this report. 
 
The nearest weather station to the site (at the Ceduna Airport Meteorological Station) receives 
an average 300.1 mm of rain a year, with most rain occurring during in winter. Average 
annual maximum temperatures for the weather station are 23.3oC and average summer 
maxima are around 28oC.  
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Figure 3 - Monthly rainfall and temperature averages for Ceduna 

 
 

  
Figure 4 - Cold days and evaporation per year (BOM) 
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4. The terrestrial vegetation 

4.1 Existing vegetation units 
The site has several morphological terrestrial vegetation units that occur from the landward 
edge of the intertidal zone, through salt pans, dunes and cheniers. The more ‘marine’ of the 
intertidal vegetation units will be addressed in a separate section on intertidal marine 
vegetation, while this section only includes the more ‘coastal’ of the intertidal vegetation 
units. The unit definitions are based on McDonald et al (1990). 

 
The plant associations in the surveyed morphological units are: 
• C1D: Closed dwarf chenopod shrubland in the intertidal area, dominated by Sarcocornia 

quinqueflora and Suaeda australis.  
• C2M: Mid-dense low chenopod shrubland dominated by Halosarcia pruinosa, H. 

pergranulata, and H. halocnemoides often with Hemichroa diandra as a sub-dominant. 
• C3S: Open mid-high chenopod shrubland dominated by Atriplex spp., Maireana spp. 

and/or Frankenia spp. often with an understorey of Hemichroa diandra. 
• C4D: Closed tall chenopod shrubland in the supratidal area, dominated by Sclerostegia 

arbuscula. 
• D3M: Mid-dense tall sod grassland dominated by anthropogenic grasses. 
• F2S: Open mid-high forbland dominated by Ward’s weed interspersed with scattered 

chenopods (Sclerolaena spp.and Salsola kali). 
• G2S: Open tussock grassland dominated by Austrostipa spp. and Danthonia setacea. 
• S3S: Open mid-high shrubland on dunes and shelly ridges with Geijera linearifolia, 

Olearia spp., Acacia spp. and Pittosporum phylliraeiodes. Isolated tall shrubs may occur 
in patches. 

• S3V: Sparse mid-high shrubland dominated by Olearia spp., Geijera linearifolia, 
Maireana and Cratystylis conocephala.   

• S41: Isolated tall shrubs, usually Melaleuca spp. or Acacia spp. 
• S4D: Closed coastal dune tall shrubland dominated by Nitraria billardierei, Atriplex 

vesicaria and Cakile maritima. 
• T4V: Open low mangrove woodland in the intertidal area (Avicennia marina) with a poor 

understorey except where the woodland is prograding across the neighbouring low 
chenopod shrubbery. 

• Y4L: Isolated clumps of tall mallee shrub or other tall shrubs, usually Eucalyptus 
gracilis, Eucalyptus calcareana or Melaleuca spp. 

 
A supervised classification of the various plant associations shown in the 1995 aerial 
photography is provided in Figure 5, and an A3 sized version is attached to this document in 
Appendix 1 – Vegetation associations. Aerial photographs from 1995 were used in place of 
more recent data because of their clarity, and the season of the year these images were taken.  
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Figure 5 - Terrestrial vegetation associations 

 
Habitat code % of site Area covered 

(Hectares) 
C1D: Closed dwarf chenopod shrubland (intertidal) 1.3 2.4 
C2M: Mid-dense low chenopod shrubland (extratidal) 19.1 34.5 
C3S: Open mid-high chenopod shrubland (extratidal) 11.2 20.1 
C4D: Closed tall chenopod shrubland (supratidal) 0.4 0.6 
D3M: Mid-dense tall sod grassland 6.6 12.0 
F2S: Open mid-high forbland 3.1 5.6 
G2S: Open tussock grassland 11.2 20.3 
S3S: Open mid-high shrubland (dunes, berms) 8.4 15.1 
S3V: Sparse mid-high shrubland (dunes, ridges) 4.2 7.5 
S41: Isolated tall shrubs 3.9 7.1 
S4D: Closed coastal dune tall shrubland (primary dune) 2.5 4.4 
T4V: Open low mangrove woodland (intertidal) 0.9 1.6 
Y4L: Isolated clumps of tall mallee shrub or other tall shrubs 2.0 3.6 
Bare soil 23.9 43.0 
Rocky reef 1.5 2.7 
Total 100.0 180.4 

Table 1 - Percentage cover of each habitat type 
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Studies by Young (1988) broke the vegetation of the coastal strip along this stretch of the 
South Australian coast into three broader categories: 

• Beach/dune vegetation – cover includes species such as Olearia axillaris, Nitraria 
billardierei, Spinifex seriaceus and other salt-tolerant species. 

• Coastal heath vegetation – cover includes Alyxia buxifolia, Melaleuca lanceolata, 
Beyeria lechenaultii, on soils varying from calcareous sands to thin sands overlying 
calcarenite. 

• Sub-coastal scrub – Melaleuca lanceolata (coastwards) and Melaleuca pauperiflora 
(inland) with occasional Eucalyptus oleosa (E. gracilis, E. yalatensis, E. calcareana) 
and an understorey of Atriplex paludosa (coastwards) or Atriplex vesicaria (inland).  

 
The study site contains all three of Young’s habitats, plus the area of stranded salt marsh.   
 

4.1.1 Impact area 
Table 1 detailed the existing percentages and areas of the site covered by each habitat type. 
The direct impact area of the proposed development, shown below, covers 81% of the site, 
with no area of the study site being more than 200m from the direct impact site. Those 
habitats occurring inside the outline are likely to be extirpated completely by residential 
development or the development of waterways. Those habitats occurring outside the outline 
may not be immediately impacted, but may be ultimately impacted by weed incursion 
(terrestrial habitats) or by hydrological/sedimentary process change (intertidal and supratidal 
habitats). 
 

 
Figure 6 - Approximate impact zone 
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4.2 Plant species recorded during survey 
The survey was conducted by gathering vouchers of each new plant species found on the site, 
as it was first encountered in a sampling quadrat. Sampling quadrats were reasonably large, 
being roughly circular, with radii of 30m from the GPS location for each quadrat. Sufficient 
sampling quadrats were used to ensure representation of all vegetation units occurring on the 
body of the site. Graphs of new species found at each site (total species and indigenous 
species) show the reduction in new species encountered at new sample locations as sampling 
progressed, with occasional increases as new vegetation units were encountered.  
 
At each selected location a GPS was used to record the location (accurate to approximately 
5m), the vegetation association was noted (see Table 2), and the quadrat was searched for 
plants not recorded previously. As a precaution where similar species are difficult to 
determine in the field, some vouchers were replicates.  
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Figure 7 - Adequacy of sampling effort 
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Figure 8 - Locations sampled during the survey (aerial photography from Mapland, 2003) 

 
At each sampling location a description of the habitat type was recorded, to allow ground-
truthing and supervision of the geographic information system’s image classification analysis. 
 
One hundred and fifty-one (151) vouchers pairs were collected for later identification. All 
vouchers were dried, then one of each voucher pair was sent to the Herbarium as required 
under the collection license (Appendix 2 – Collection permit), and the other was retained, to 
be provided to the client for reference purposes. A list of all vouchers and the locations they 
were collected from is appended to this document in Appendix 3 – Flora voucher specimens.  
 
There were eighty-six (86) indigenous species and forty-three (43) alien species, one hundred 
and twenty-nine (129) species in all, encountered and collected during the site visit. 
 
Details of the locations sampled, illustrated earlier in Figure 8, are provided along with their 
co-ordinates and voucher specimen numbers in Appendix 3. 
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Location Description 

1 Limestone cliff/ridge with sand dune. Tall shrubs - Pittosporum & Melaleuca, low shrubs - 
Geijera, Bladder saltbush, herbaceous understorey 

2 Dunes. Taller mallees in small groups, site dominated by bluebush daisy and Geijera. 
3 Dense band of Nitraria backing a sandy beach with a seaward rim of mangroves. 
4 Dominant species - Bladder saltbush, Nitraria, variable groundsel, Frankenia. 
5 Sandy chenier on landward side of track, Sclerostegia shrubland on seaward side of track. 
6 Chenier dominated by Nitraria, devolving to a Sclerostegia shrubland closer to the sea, then a 

band of Sarcocornia, then mangroves. 
7 Weedy roadside vegetation dominated by Limonium. 
8 Weedy chenier/dune dominated by Nitraria near the beach, Limonium and Gazania nearer the 

road. 
9 Large dune. Mallees with an understorey of Rhagodia & Halosarcia. 

10 Herb and tussock grassland dominated by Ward's weed, Linclon weed, spent Stipa and 
Danthonia. 

11 Saltpan with cyanobacterial polygons impregnated with gypsum and salt. Dominated by 
Halosarcia pergranulata and H. pruinosa. 

12 Sodic erodible ridge on surface of saltpan. Mosses dominate. 
13 Small dune ridge on surface of saltpan. Dominated by Frankenia sessilis. 
14 Small dune ridges on surface of saltpan. Dominated by Frankenia, Maireana and Halosarcia. 
15 Patch of Halosarcia halocnemoides on the saltpan. 
16 Dune ridge on the landward edge of the saltpan. Quadrat dominated by tussock grasses, 

Sclerolaena and Lycium australe 
17 Dune ridge on the landward edge of the saltpan. Quadrat dominated by Bladder saltbush, 

Myoporum, Scaevola and tussock grasses. 
18 Chenier/dune dominated by Austrostipa, Bladder saltbush, Hemichroa, Silene and Exocarpos.
19 Slope dominated by Bladder saltbush on its lower reaches, upper slope dominated by Stipa, 

Ward's weed, Sclerolaena & Salsola. Crest  - Danthonia 
20 Crest of sandpit and pit itself. Many Westringia rigida bushes and some Kippistia growing in 

patches, occasional Acacia, herbs. 
21 Base of slope near the saltpan. Tussock grasses and single Allocasuarina, some balls of 

foliose lichen. 
22 Dune slope. Tussock grassland to small herbland. Scattered shrubs of Nitraria and 

Zygophyllum. Scattered Melaleuca, mallees and Pittosporum. 
23 Small shell ridge dominated by Geijera, Pittosporum and Hemichroa. 
24 Dissected saltmarsh dominated by Halosarcia, Hemichroa and Lawrencia. 
25 Shell ridge dominated by Bladder saltbush & Frankenia, with an understorey of Carpobrotus 

and occasional clumps of Austrostipa elegantissima. 
26 Shell ridge dominated by Hemichroa, Olearia & Senna, with patches of Melaleuca, Exocarpos 

and Acacia 
27 Sandy slope dominated by Myoporum, Santalum and Acacia with very large clumps of 

Dianella revoluta. 
28 Sandy area with large Melaleuca and Acacia shrubs, young Pittosporum and clumps of 

Rhagodia. 
29 Swale along a drainage line, dominated by Hemichroa and Sclerostegia. 
30 Old dump area. Dominated by Mesembryanthemum 
31 Slope. Single mallee in grassland. 
32 Mallee scrub with Bladder saltbush and Frankenia 
33 Dune with mallees, old Melaleuca trees & Eremophila 
34 Dune with mallees, Hakea and Santalum. 

Table 2 - Details of sampling quadrats 
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Family Species Common name Exotic Conservation 
status 

Agavaceae Agave americana Century plant  * 
Aizoaceae Carpobrotus rossii Karkalla or Ross' noonflower  

Aizoaceae Disphyma crassifolium Round leaf pigface  

Aizoaceae Galenia secunda Blanket weed * 

Aizoaceae Mesembryanthemum aitonis Angled iceplant * 

Aizoaceae Mesembryanthemum nodosum Slender iceplant * 

Aizoaceae Mesembryanthum crystallinum Common iceplant * 

Aizoaceae Tetragonia implexicoma Bower spinach  

Amaranthaceae Hemichroa diandra Mallee hemichroa  

Amaranthaceae Ptilotus obovatus var obovatus Silver mulla mulla  

Avicenniaceae Avicennia marina Grey mangrove  

Boraginaceae Heliotropium europaeum Potato weed * 

Caryophyllaceae Silene gallica French catchfly * 

Caryophyllaceae Silene nocturna Mediterranean catchfly * 

Caryophyllaceae Spergularia marina Salt sand-spurry * 

Casuarinaceae Allocasuarina verticillata Drooping sheoak  

Chenopodiaceae Atriplex acutibractea A saltbush  

Chenopodiaceae Atriplex cinerea Coast saltbush  

Chenopodiaceae Atriplex paludosa ssp. cordata Marsh saltbush  

Chenopodiaceae Atriplex vesicaria Bladder saltbush  

Chenopodiaceae Atriplex vesicaria var variablis Bladder saltbush  

Chenopodiaceae Beta vulgaris Beet * 

Chenopodiaceae Enchylaena tomentosa Ruby saltbush  

Chenopodiaceae Halosarcia halocnemoides Grey samphire  

Chenopodiaceae Halosarcia pergranulata var pergranulata Black seed samphire  

Chenopodiaceae Halosarcia pruinosa Waxy glasswort  

Chenopodiaceae Maireana appressa/radiata A cotton bush with no fruit  
Chenopodiaceae Maireana brevifolia Small-leaved bluebush  
Chenopodiaceae Maireana erioclada Rosy bluebush  
Chenopodiaceae Maireana erioclada/pentatropis A maireana with no fruit  

Chenopodiaceae Maireana oppositifolia Heathy bluebush  

Chenopodiaceae Maireana scleroptera A maireana  

Chenopodiaceae Maireana trichoptera A bluebush  

Chenopodiaceae Rhagodia candolleana Seaberry saltbush  

Chenopodiaceae Rhagodia crassifolia Fleshy saltbush  

Chenopodiaceae Salsola kali Buckbush rolypoly * 

Chenopodiaceae Sarcoconia quinqueflora Bearded glasswort  

Chenopodiaceae Sclerolaena brevifolia poss. hybrid with 
S. obliquicuspis 

A copperburr or bindyii  

Chenopodiaceae Sclerolaena uniflora Bassia  
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Family Species Common name Exotic Conservation 
status 

Chenopodiaceae Sclerostegia arbuscula Shrubby samphire  

Chenopodiaceae Suaeda australis Austral sea-blite  

Chenopodiaceae Threlkeldia diffusa Coast bone fruit  

Compositae Angianthus tomentosus Hairy cup flower  

Compositae Arctotheca calendula Cape weed * 

Compositae Centaurea melitensis Maltese cockspur * 

Compositae Conyza bonariensis Flaxleaf fleabane * 

Compositae Cratystylis conocephala Bluebush daisy  

Compositae Gazania linearis Gazania * 

Compositae Hedypnois rhagadioloides Cretan weed * 

Compositae Helianthus annuus Common sunflower * 

Compositae Ixiolaena pluriseta A plover daisy  Rare in SA, 
Unknown for EP 

Compositae Kippistia suaedifolia Kippistia  Rare in EP 

Compositae Olearia axillaris Coast daisy bush  

Compositae Olearia exiguifolia Small-leaved daisy-bush  

Compositae Reichardia tingitana False sow thistle * 

Compositae Senecio lautus Variable groundsel  

Compositae Sonchus oleraceus Common sow thistle * 

Compositae Vittadinia cervicularis Fuzzweed  

Compositae Vittadinia cuneata Fuzzweed  

Compositae Vittadinia eremaea A vittadinia  

Crassulaceae Crassula sieberana var tetramera Austral stonecrop  

Cruciferae Brassica tournefortii Long fruited wild turnip * 

Cruciferae Cakile maritima Sea rocket * 

Cruciferae Carrichtera annua Ward's weed or duck-bill burr * 

Cruciferae Diplotaxis tenuifolia Lincoln weed * 

Epacridaceae Acrotriche patula Shiny ground berry  

Euphorbiaceae Euphorbia terracina Carnation weed, false caper * 

Frankeniaceae Frankenia pauciflora Sea heath  

Frankeniaceae Frankenia sessilis Small leaved sea heath  

Gentianaceae Centaurium tenuiflorum A centaury  

Goodeniaceae Scaevola spinescens Spiny fanflower  

Gramineae Austrostipa drummondii Cottony speargrass  

Gramineae Austrostipa elegantissima Feather speargrass  

Gramineae Austrostipa eremophila Desert spear-grass  

Gramineae Austrostipa flavescens A spear-grass  

Gramineae Avena barbata Bearded oat * 

Gramineae Bromus catharticus Prairie grass * 
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Family Species Common name Exotic Conservation 
status 

Gramineae Bromus rigidus Rigid brome * 

Gramineae Critesion murinum Barley grass * 

Gramineae Cynodon dactylon Couch grass  

Gramineae Danthonia setacea var setacea Bristly, or small flowered, or 
mulga wallaby grass 

 

Gramineae Festuca littoralis Coastal fescue  

Gramineae Lolium perenne Perennial ryegrass * 

Gramineae Parafolis incurva Curly rye * 

Gramineae Polypogon monspeliensis Annual beard-grass * 

Gramineae Tribolium acutiflora Desmazeria * 

Iridaceae Gynandriris setifolia Thread Iris * 

Iridaceae Romulea minutiflora Guildford grass * 

Labiatae Marrubium vulgare Horehound * 

Labiatae Westringia rigida Stiff westringia  

Leguminosae Acacia anceps Port Lincoln wattle  

Leguminosae Acacia cyclops Western coastal wattle  

Leguminosae Acacia hakeoides Hakea wattle  

Leguminosae Medicago polymorpha Burr medic * 

Leguminosae Senna artemesiodes Desert cassia  

Leguminosae Templetonia retusa Cockie's tongue  

Liliaceae Asphodelus fistulosus Onion weed * 

Liliaceae Dianella brevicaulis Short fruited black anther flax-
lily 

 

Liliaceae Dianella revoluta Black anther flax lily  

Liliaceae Lomandra collina Fibrous mat-rush  

Liliaceae Thysanotus baueri Mallee fringe lily  

Limoniaceae Limonium companyonis Sea lavender * 

Limoniaceae Limonium sinuatum Notch leaved perennial sea 
lavender 

* 

Loranthaceae Amyema melaleucae A mistletoe  

Malvaceae Lawrencia squamata  Thorny lawrencia  

Myoporaceae Eremophila glabra Tar bush  

Myoporaceae Eremophila weldii Purple emubush  

Myoporaceae Myoporum brevipes Warty myoporum  

Myoporaceae Myoporum insulare Boobialla  

Myrtaceae Eucalyptus calcareana Nundroo mallee  

Myrtaceae Eucalyptus gracilis White mallee  

Myrtaceae Eucalyptus stoatei Scarlet pear gum  

Myrtaceae Melaleuca lanceolata Moonah  

Myrtaceae Melaleuca pauperiflora Boree  

Pittosporaceae Pittosporum phylliraeoides Native apricot  
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Family Species Common name Exotic Conservation 
status 

Primulaceae Anagallis arvensis Blue flowered pimpernel * 
Proteaceae Hakea rugosa Dwarf hakea  

Rutaceae Geijera linearifolia Sheepbush, oil bush or wilga  
Santalaceae Exocarpos aphyllus Leafless cherry  
Santalaceae Santalum acuminatum Quandong  
Sapindaceae Dodonaea stenozyga Desert hopbush  
Solanaceae Lycium australe Australian boxthorn  
Solanaceae Lycium ferocissimum African boxthorn * 
Solanaceae Solanum hystrix Afghan thistle  
Umbelliferae Bupleurum semicompositum Bupleurum * 
Umbelliferae Foeniculum vulgare Fennel * 
Zygophyllaceae Nitraria billardierei Dillon berry or nitre bush  
Zygophyllaceae Zygophyllum aurantiacum Shrubby twinleaf  
Zygophyllaceae Zygophyllum billardierei Coast twinleaf  

Table 3 - Species list of plants occurring on the site 

 
Statistics  
Total species 129 
Species exotic to Australia 43 
Australian indigenous species 86 
Eyre Peninsula indigenous species 84 
Exotics as percentage of biodiversity 35% 
Species of conservation significance 2 
  

Table 4 - Biodiversity information 

 
No single survey can capture all species found on a site, and this survey was conducted in late 
spring / early summer, so it may under-represent the winter and spring flowering annuals, 
orchids and some of the more ephemeral grasses. However the survey would adequately 
confirm the presence of perennials and the later flowering annuals. In order to address any 
shortcomings of this survey, a comparison was made between the species found in this survey 
and those found in surveys of nearby areas, or those conducted previously on the site.  
 
The first quadrat of this survey was located on a cliff top area on the western extremity of the 
study site. It was a similar quadrat to those reported by Oppermann (1999) in A Biological 
Survey of the South Australian Coastal Dune and Clifftop Vegetation, making it useful site for 
comparative purposes. There were thirty-seven (37) distinct species found in this quadrat, of 
which eight (8) were exotic species. Oppermann records that the median number of species 
for clifftop locations in Eyre Peninsula West is twenty (20), with a maximum of forty (40) 
and a minimum of five (5). Similar statistics for the next region westward (Head of Bight) are 
lower, with the median number of species being thirteen (13), the maximum twenty-two (22) 
and the minimum three (3). From this comparison, it would appear that quadrat 1 represents 
the higher end of biodiversity for clifftop sites in the region. 
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Figure 9 - Silver mulla mulla on the site 

 
Oppermann  (1999) conducted lifeform analyses along the coastline, using amalgamated data 
for all sites in each region. Such analysis may be presented as frequency (percentage of 
species present) or abundance (area of cover) data and Oppermann presented both. The 
current survey only produced frequency data, so this is all that may be compared. All species 
located on the study site were classified according to their lifeform, and the frequency 

graphed. 
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Note: MI: Mistletoes, V: Vines and twiners, X: Ferns, P: Mat plants, J: Herbaceous plants, GL: Grasses <0.5m, GT: 
Grasses >0.5m, VL: Sedges <0.5m, VT: Sedges >0.5m, H: Hummock grass, SD: Shrubs<0.5m, SC: Shrubs 0.5-1m, 
SB: Shrubs 1-1.5m, SA: Shrubs 1.5-2m, S: Shrubs >2m, KS: Low mallee <3m, KT: Mallee >3m, LB: Trees <5m, LA: 
Trees 5-10m, M: Trees 10-30m, T: Trees >30m 

Figure 10 - Lifeform analysis of the Ceduna site 
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Figure 11 - Lifeform analyses, Eyre Peninsula West to Nullabor (Oppermann, 1999) 

 
In all three of Oppermann’s graphs, the dominant lifefoms are the low shrubs, followed by the 
taller shrubs, forbs, grasses and mat plants. The current survey site contains a much larger 
percentage of forbs than Oppermann’s sites, however the overall lifeform classes and relative 
distributions are similar to her findings, with a complete lack of large trees, and a paucity of 
sedges, hummock grasses and ferns, and with the dwarf shrubbery providing the larger variety 
than the taller shrubbery. The difference may be explained by Oppermann mainly reporting 
perennial species, which would have resulted in an under representation in her graphs of 
annuals – these would have occurred largely in the forbs, mat plants and grasses classes.  
 
The comparison above suggests that the site is relatively representative of the vegetation that 
is normally found in similar sites of the region, even though some of the site has been grazed 
extensively in the past. 
 
Much of the published data for the coastal zone vegetation of the West Coast concentrates on 
dune and cliff top vegetation. Salt marsh vegetation is largely unstudied. Unpublished data is 
available on request from the Department for Environment and Heritage. Departmental staff 
(Fotheringham, pers.comm.) have recorded plants found in salt marsh areas at Laura Bay, 
Tourville Bay, Acraman Creek and Cape Missiessy. Thirteen individual site records are 
available for the four sites and the table below is a compilation of the species recorded across 
all the sites. 
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Species  Common name Distribution 
*Bupleurum semicompositum Hare's Ear <5% 
*Hymenolobus procumbens Oval Purse sparsely present 
*Parapholis incurve Curly Ryegrass <5% 
*Spergularia diandra Lesser Sand-spurrey sparsely present 
Atriplex paludosa ssp. cordata Marsh Saltbush 5-25% 
Calandrinia eremaea Dryland Purslane sparsely present 
Carpobrotus rossi Native Pigface <5% 
Crassula sieberiana ssp. tetramera Australian Stonecrop <5% 
Disphyma crassifolium  Round-leaf Pigface <5% 
Frankenia pauciflora var. fruticulosa Southern Sea-heath <5% 
Frankenia sessilis Small-leaf Sea-heath sparsely present 
Geijera linearifolia Sheep Bush sparsely present 
Halosarcia flabelliformis Bead Samphire 5-25% 
Halosarcia halocnemoides Grey Samphire 5-25% 
Halosarcia indica ssp. leiostachya Brown-head Samphire 25-50% 
Hemichroa diandra Mallee Hemichroa <5% 
Lawrencia squamata Thorny Lawrencia 5-25% 
Maireana oppositifolia Salt Bluebush 5-25% 
Nitraria billardierei Nitre-bush sparsely present 
Poa fax Scaly Poa sparsely present 
Rhagodia candolleana  Sea-berry Saltbush sparsely present 
Samolus repens Creeping Brookweed sparsely present 
Sarcocornia blackiana Thick-head Samphire sparsely present 
Sarcocornia quinqueflora Beaded Samphire 5-25% 
Sclerostegia arbuscula Shrubby Samphire >75% 
Senecio glossanthus Annual Groundsel sparsely present 
Senecio lautus Variable Groundsel <5% 
Stipa drummondii Cottony Spear-grass sparsely present 
Suaeda australis Austral Seablite 5-25% 
Threlkeldia diffusa Coast Bonefruit sparsely present 
Triglochin sp. Arrowgrass/Water-ribbons <5% 
Wilsonia humilis var. humilis Silky Wilsonia sparsely present 
Zygophyllum billardierei Coast Twinleaf <5% 

Table 5 - West Coast intertidal salt marsh species (DEH data, Fotheringham, 2004) 

 
When compared to the salt marsh species found in the current survey, 64% of the species 
recorded on the Department’s regional list were present on the Ceduna study site. Of the 
twelve species that were not recorded, the majority were specialist plants that would be 
expected only in specific habitats. For example, Samolus repens, Sarcocornia blackiana and 
some Triglochin species are found where there is an input of fresh or brackish waters, while 
Halosarcia flabelliformis has very specific soil and hydrological requirements that are not yet 
completely understood. 
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4.3 Conservation status of indigenous flora species 
Conservation significance of plants occurring on the study site was determined at a regional 
level using Department for Environment and Heritage (2002), at a State level using the 
National Parks and Wildlife Act 1972 of South Australia, Schedules 7-9, and at a National 
level using Briggs and Leigh (1996). The latter document forms the basis for listing plants 
under the Federal Environment Protection and Biodiversity Conservation Act 1999 of 
Australia.  
 
Two species present on the study site, Ixiolaena  pluriseta and Kippistia suaedifolia, have 
conservation ratings.  
 
Ixiolaena pluriseta (a plover daisy) has a rating of Rare for the State, and a status of 
Unknown for the Eyre Peninsula. According to Jessop and Toelken (1986) this species has 
only been collected from Smoky Bay to Fowler Bay, on the Nuyts Archipelago and one 
specimen from Nullabor Homestead. The plant is found principally on the calcareous sands of 
low coastal cliffs and the adjacent dunes. The specimens found in this survey were recorded 
in sampling quadrat 1, on sands overlying a low rocky clifftop.
 
Kippistia suaedifolia (fleshy miniura) has a rating of Rare for the Eyre Peninsula. It prefers to 
grow on sandhills, claypans, limestone and gypsum, and was recorded during this survey in 
quadrat 20, on the crest of the sandpit and within the pit itself. 
 
Previous surveys (EMS, 2004) reported several other species with conservation significance 
or interest. Maireana aphylla, with conservation interest due to its status of Uncommon on 
the Eyre Peninsula, was not recorded during this survey, although seven other species of 
Maireana were found. The EMS survey noted that these plants were mainly located in the 
golf course roughs, and this more recent survey did not visit the golf course. 
 

 
Figure 12 - Hemichroa diandra in a swale on Allotment 22 
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Trailing hemichroa (Hemichroa pentandra) with a rating of Rare for the Eyre Peninsula was 
not recorded in this survey, although its close relative Hemichroa diandra was a co-dominant 
in many of the quadrats surveyed. The EMS survey noted that the plants were not flowering 
during their survey. As the two species can be separated most reliably by examining the 
anthers of the flowers, it is possible that the earlier records were an estimate of the species, 
rather than a determination. 
 
Under the Native Vegetation Act 1991, the District Council of Ceduna is not exempt from the 
operation of the Act. Therefore clearance of native vegetation requires a permit. While the 
Act does not apply to any planted specimens on the block, it does apply to natural 
regeneration that is older than five years, and also applies to plants that form a wetland 
habitat, as well as to species listed as rare, vulnerable or endangered in the Schedules of the 
National Parks and Wildlife Act 1972.  The National Parks and Wildlife Act 1972 would 
provide separate protection for Ixiolaena  pluriseta should that species be found to occur on 
any land that is not freehold.  
 
The Environment Protection and Biodiversity Conservation Act 1999 of Australia includes no 
South Australian ecological communities at present. Regionally, tussock grasslands are 
considered to be Threatened on the Eyre Peninsula (DEH, 2002). 
 
Thirty-five percent (35%) of the species found on the site were weed species. This is a low 
infestation of weeds in comparison to metropolitan coastal sites, which typically average 
sixty-five percent (65%) exotics as a percentage of biodiversity. Many of the weeds were 
present in the dunal areas, while the salt marsh areas (dominated by samphires) tended to have 
a lower percentage of exotics. This is usual, and surveys of other salt marsh areas in the 
vicinity (see Table 5) suggest that in salt marsh areas the weed infestation is likely to be 
around twelve percent (12%) of the biodiversity.  
 
Acacia cyclops (the western coastal wattle) tends to provoke debate on whether its status is 
indigenous or a regional weed. The Biodiversity Plan for Eyre Peninsula states that this 
species has “a strong western distribution becoming more dominant to the west.” 
 
Another regional aberration was the presence of Eucalyptus stoatei (Scarlet pear gum) in the 
sand pit. This species of marlock has a very restricted distribution east and north-east of 
Ravensthorpe in Western Australia. The tree was quite possibly planted in its current location. 
 

4.4 Vegetation history 
Aerial photography of parts of the site is available from 1950 through to the present. This 
allows for some examination of the age of some of the mallees and larger shrubs on the site.  
 
Figure 13 reveals that many of the shrubs along the western edge of the coastal strip north of 
the existing service station have been in existence for at least fifty years. The large dune itself 
has become steadily more vegetated over that time, but at least one large mallee is still in 
evidence today that predates the earliest photograph. 
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Figure 13 - Southern coastal strip, 1950, 1968 & 2004 

 

 
Figure 14 - South-eastern hill, 1950, 1968 & 2004 

The long sloping hill at the south-eastern corner of the study area was cleared prior to 1950, 
and has been mined for sand or gravel. Mining started between 1950 and 1968. The presence 
of native tussock grasses is not unusual in areas cleared for pastoral purposes, if improved 
pastures have not been seeded over the site, and this block has excellent quantities of 

EMS-CED-001-PC/FC  Page 26  



Delta  Ceduna Marina Biodiversity Survey 

Danthonia setacea and several types of Austrostipa still existing between a heavy infestation 
of noxious and other weeds. 
 

 
Figure 15 - Southern corner of the north-western block, 1968 & 2004 

While much of the north-western block has been cleared, the southern part of the block 
contains many large shrubs and mallees that can be identified in the 1968 photograph. The 
coastal strip shows the gradual expansion of mangrove trees. The oldest mangroves are still in 
evidence in the earlier photographs, but the woodland is now both denser and more extensive 
than it was 36 years ago. 
 

 
Figure 16 - Small dunes and dissected saltmarsh east of highway, 1968 & 2004 
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The small dune east of the highway has seen considerable growth of native vegetation in the 
denuded patch, however there are some older shrubs that are in evidence in both photographs 
– particularly towards the north of the dune and along its eastern boundary.  
 
Dense Sclerostegia arbuscula mark the drainage channels through the salt marsh. Although 
these shrubs do not attain great stature, they are a long lived species, making it quite possible 
that the individual shrubs present today have survived the changed conditions since the 
highway cut off tidal flushing. Adult samphires in general do not tend to immediately die off 
in altered hydrological conditions (McComb et al, 1995), however the reproductive success of 
the plants is impacted.  
 
In locations where the tide is prevented from flooding across a salt marsh the samphires may 
turn red (a result of increased salt content in the soil) and may produce little new spring 
growth each year, but they may survive in this parlous state for very long periods. 
 

 
Figure 17 - Northern corner of the eastern block, 1968 & 2004 

The trees currently growing along the road reserve on the north-western boundary of the north 
eastern block are only just in evidence in the 1968 photograph, however the band of tall 
shrubs and low mallees located along the southerly base of the slope were already mature. 
The effects of off-road vehicles and mining are clearly visible in the centre of the more recent 
photograph. This impact is limited in area, with the dunes along the eastern boundary of the 
block being in good condition. Many of the larger shrubs on these dunes are visible in the 
early photograph. 
 

5. Terrestrial fauna observations 
The following section details the fauna observations that occurred during this study. 
Additional information on fauna found in the vicinity has been compiled from other published 
sources. 
 
In South Australia, most vertebrate fauna is deemed ‘protected’ under the provisions of the 
National Parks and Wildlife Act 1972 of South Australia. Under this Act,  
 

“protected animal means- 
  (a) any mammal, bird or reptile indigenous to Australia; or 
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  (b) any migratory mammal, bird or reptile that periodically or occasionally 
migrates to, and lives in, Australia; or 

  (c) any animal of a species referred to in schedule 7, 8 or 9; or 
  (d) any animal of a species declared by regulation to be a species of 

protected animals, 
but does not include animals of the species referred to in schedule 10 or any animals declared 

by regulation to be unprotected.” 
 

The unprotected species (those listed in Schedule 10) are Zebra Finch (Poephila guttata), 
Budgerygah (Melopsittacus undulatus), Red Wattlebird (Anthochaera carunculata), 
Grey-backed Silvereye (Zosterops lateralis halmaturina), Galah (Cacatua roseicapilla), Little 
Corella (Cacatua sanguinea), Australian Raven (Corvus coronoides), Little Crow (Corvus 
bennetti), Australian Crow (Corvus orru cecilae), Little Raven (Corvus mellori), and Wild Dog 
(Dingo) (Canis familiaris).  
 
While most animals are protected, additional protection is provided to species considered to 
be vulnerable, endangered or rare under Schedules 7, 8 and 9 of the same Act. The 
Environment Protection and Biodiversity Conservation Act 1999 of Australia provides 
protection for those species of nationwide conservation significance. 
 

5.1 Birds  
During the site visits in late November 2004, opportunistic sightings of birds and a 20-minute 
point observation were recorded. The species are listed below, in Table 6. The days of the 
field trip were abnormally hot and windy, so the species observed were limited. Terrestrial 
birds were generally found hiding in vegetation, and water birds were usually out into the 
water as far as they could manage, or hidden in the mangroves until after sunset, where upon 
they came back onto the mudflat to feed during the cooler weather. 
 
 

Species Common name 
Anthus novaeseelandiae Richard's pipit 
Calidris canutus Red knot 
Certhionyx niger Black honey eater 
Charadrius ruficapillus Red capped dotterel 
Chlidonias hybrida Whiskered tern 
Corvus spp. Ravens 
Cygnus atratus Black swan 
Falco cenchroides Nankeen kestrel 
Haematopus fuliginosus Sooty oystercatcher 
Haematopus longirostris Pied oystercatcher 
Larus novaehollandiae Silver gull 
Larus pacificus Pacific gull 
Limosa limosa Bar-tailed godwit 
Malurus spp. Wrens (female) 
Milvus migrans Black kite 
Passer domesticus* Sparrow 
Pelecanus conspicillatus Australian pelican 
Phalacrocorax varius Pied cormorant 
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Pomatostomus superciliosus White browed babbler 
Rhipidura leucophrys Willie wagtail 
Sterna bergii Crested tern 
Sterna caspia Caspian tern 
Sturnus vulgaris* Starling 
Threskiornis molucca Sacred ibis 
Tringa nebularia Greenshank 
Tringa spp. Sandpipers 

Table 6 - Bird sightings in late November 2004 (Delta staff) 

 
Red knots were seen working the northern reefs for food, while red capped dotterels (plovers) 
were common along the sandy beaches. Sandpipers and greenshanks foraged across the sand 
flats, following the tide out. 
 

 
Figure 18 - Pelican and migratory waders 

The unprotected birds one would expect to find on the site are ravens, crows and introduced 
species. All other birds occurring on the study area and adjacent blocks are protected under 
State and Federal legislation. The conservation significance of each species is given in the 
table below, which shows all species recorded by Birds Australia within one degree of the 
study site.  
 
Members of Birds Australia have recorded 128 species of birds within the wider 1-degree 
map block surrounding the site. Ceduna is located in the northeastern corner of this block, 
which extends from Point Brown around the coast to Point Sinclair. This list is provided 
separately below. 
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Family Common Name Species name Conservation Interest 

Phasianidae Stubble Quail  Coturnix pectoralis 
Anatidae Blue-billed Duck  Oxyura australis Rare (SA NP&WS), EPBC 

Act, rare EP 
Anatidae Musk Duck  Biziura lobata Rare (SA NP&WS), EPBC 

Act 
Anatidae Black Swan  Cygnus atratus EPBC Act 
Anatidae Grey Teal  Anas gracilis EPBC Act 
Anatidae Chestnut Teal  Anas castanea EPBC Act 
Anatidae Hardhead  Anthya australis EPBC Act 
Podicipedidae Australasian Grebe  Tachybaptus novaehollandiae 
Podicipedidae Hoary-headed Grebe  Poliocephalus poliocephalus 
Sulidae Australasian Gannet  Morus serrator 
Anhingidae Darter  Anhinga melanogaster 
Phalacrocoracidae Little Pied Cormorant  Phalacrocorax melanoleucos 
Phalacrocoracidae Black-faced Cormorant  Phalacrocorax fuscescens 
Phalacrocoracidae Pied Cormorant  Phalacrocorax varius 
Phalacrocoracidae Little Black Cormorant  Phalacrocorax sulcirostris 
Phalacrocoracidae Great Cormorant  Phalacrocorax carbo 
Phalacrocoracidae Australian Pelican  Pelecanus conspicillatus 
Ardeidae White-faced Heron  Egretta novaehollandiae 
Ardeidae Little Egret  Egretta garzetta Rare SA 
Ardeidae Eastern Reef Egret  Egretta sacra Rare (SA NP&WS), EPBC 

Act, rare EP 
Ardeidae Great Egret  Egretta alba EPBC Act 
Plataleidae Royal Spoonbill  Platalea regia 
Pandionidae Osprey  Pandion haliaetus Rare (SA NP&WS), EPBC 

Act, rare EP 
Accipitridae Black-shouldered Kite  Elanus axillaris EPBC Act 
Accipitridae Black Kite  Milvus migrans EPBC Act 
Accipitridae White-bellied Sea-Eagle  Haliaeetus leucogaster Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Accipitridae Spotted Harrier  Circus assimilis EPBC Act 
Accipitridae Swamp Harrier  Circus approximans EPBC Act 
Accipitridae Wedge-tailed Eagle  Aquila audax EPBC Act 
Falconidae Brown Falcon  Falco berigora EPBC Act 
Falconidae Nankeen Kestrel  Falco cenchroides EPBC Act 
Turnicidae Little Button-quail  Turnix velox 
Scolopacidae Bar-tailed Godwit  Limosa limosa EPBC Act 
Scolopacidae Whimbrel  Numenius phaeopus EPBC Act 
Scolopacidae Eastern Curlew  Numenius madagascariensis Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Scolopacidae Marsh Sandpiper  Tringa stagnatilis EPBC Act 
Scolopacidae Common Greenshank  Tringa nebularia EPBC Act 
Scolopacidae Common Sandpiper  Actitis hypoleucos EPBC Act 
Scolopacidae Grey-tailed Tattler  Heteroscelis brevipes EPBC Act 
Scolopacidae Ruddy Turnstone  Arenaria interpres Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Scolopacidae Great Knot  Calidris tenuirostris EPBC Act 
Scolopacidae Red Knot  Calidris canutus EPBC Act 

EMS-CED-001-PC/FC  Page 31  



Delta  Ceduna Marina Biodiversity Survey 

Family Common Name Species name Conservation Interest 

Scolopacidae Sanderling  Calidris alba EPBC Act 
Scolopacidae Little Stint  Calidris minuta EPBC Act 
Scolopacidae Red-necked Stint  Calidris ruficollis EPBC Act 
Scolopacidae Sharp-tailed Sandpiper  Calidris acuminata EPBC Act 
Scolopacidae Curlew Sandpiper  Calidris ferruginea EPBC Act 
Haematopodidae Pied Oystercatcher  Haematopus longirostris 
Haematopodidae Sooty Oystercatcher  Haematopus fuliginosus Site of international 

importance according to 
National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Recurvirostridae Black-winged Stilt  Himantopus himantopus EPBC Act 
Recurvirostridae Banded Stilt  Cladorhynchus leucocephalus EPBC Act 
Charadriidae Pacific Golden Plover  Pluvialis dominica EPBC Act 
Charadriidae Grey Plover  Pluvialis squatarola Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Charadriidae Red-capped Plover  Charadrius ruficapillus EPBC Act 
Charadriidae Double-banded Plover  Charadrius bicinctus EPBC Act 
Charadriidae Lesser Sand Plover  Charadrius mongolus EPBC Act 
Charadriidae Greater Sand Plover  Charadrius leschenaultii EPBC Act 
Charadriidae Inland Dotterel  Charadrius australis EPBC Act 
Charadriidae Hooded Plover  Thinornis rubricollis Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Charadriidae Banded Lapwing  Vanellus ticolor EPBC Act 
Charadriidae Masked Lapwing  Vanellus miles EPBC Act 
Laridae Pacific Gull  Larus pacificus 
Laridae Silver Gull  Larus novaehollandiae 
Laridae Caspian Tern  Sterna caspia 
Laridae Crested Tern  Sterna bergii 
Laridae Fairy Tern  Sterna nereis Vulnerable (SA NP&WS), 

ssp nereis vulnerable EP 
Laridae Whiskered Tern  Chlidonias hybrida 
Columbidae Rock Dove  Columba livia* 
Columbidae Common Bronzewing  Phaps chalocoptera 
Columbidae Brush Bronzewing  Phaps elegans 
Columbidae Crested Pigeon  Ocyphaps lophotes 
Columbidae Peaceful Dove  Geopelia striata Rare EP 
Cacatuidae Galah  Eolophus roseicapilla 
Psittacidae Australian Ringneck  Barnardius zonarius race zonarius 
Psittacidae Mulga Parrot  Psephotus varius 
Psittacidae Rock Parrot  Neophema petrophila Rare (SA NP&WS), rare EP 
Cuculidae Pallid Cuckoo  Cuculus pallidus 
Cuculidae Fan-tailed Cuckoo  Cuculus flabelliformis 
Cuculidae Horsfield's Bronze-Cuckoo Chrysococcyx basalis 
Tytonidae Barn Owl  Tyto alba 
Apodidae Fork-tailed Swift  Apus pacificus EPBC Act 
Maluridae Variegated Fairy-wren  Malurus lamberti 
Pardalotidae Striated Pardalote  Pardalotus striatus 
Pardalotidae White-browed Scrubwren  Sericornis frontalis 
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Family Common Name Species name Conservation Interest 

Pardalotidae Weebill  Smicrornis brevirostris race 
brevirostris 

Pardalotidae Inland Thornbill  Acanthiza apicalis 
Pardalotidae Chestnut-rumped Thornbill Acanthiza uropygialis 
Pardalotidae Yellow-rumped Thornbill  Acanthiza chrysorrhoa 
Pardalotidae Southern Whiteface  Aphelocephala leucopsis race 

maculatus 
Meliphagidae Red Wattlebird  Anthochaera carunculata 
Meliphagidae Spiny-cheeked Honeyeater Acanthagenys rufogularis 
Meliphagidae Yellow-throated Miner  Manorina flavigula 
Meliphagidae Singing Honeyeater  Lichenostomus virescens 
Meliphagidae Purple-gaped Honeyeater  Lichenostomus cratitius 
Meliphagidae White-fronted Honeyeater  Phylidonyris albifrons 
Meliphagidae Crimson Chat  Epthianura tricolor 
Meliphagidae White-fronted Chat  Epthianura albifrons 
Petroicidae Jacky Winter  Microeca fascinans 
Petroicidae Red-capped Robin  Petroica goodenovii 
Pomatostomidae White-browed Babbler  Pomatostomus superciliosus 
Neosittidae Varied Sittella  Daphoenositta chrysoptera 
Pachycephalidae Gilbert's Whistler  Pachycephala inornata Rare EP 
Pachycephalidae Golden Whistler  Pachycephala pectoralis 
Pachycephalidae Rufous Whistler  Pachycephala rufiventris 
Pachycephalidae Grey Shrike-thrush  Colluricincla harmonica 
Dicruridae Magpie-Lark  Grallina cyanoleuca 
Dicruridae Grey Fantail  Rhipidura fuliginosa 
Dicruridae Willie Wagtail  Rhipidura leucophrys 
Campephagidae Black-faced Cuckoo-Shrike Coracina novaehollandiae 
Campephagidae White-winged Triller  Lalage sueurii 
Artamidae Dusky Woodswallow  Artamus cyanopterus 
Artamidae Grey Butcherbird  Cracticus torquatus 
Artamidae Australian Magpie  Gymnorhina tibicen 
Corvidae Australian Raven  Corvus coronoides 
Corvidae Little Raven  Corvus mellori 
Corvidae Little Crow  Corvus bennetti 
Corcoracidae White-winged Chough  Corcorax melanorhamphos Vulnerable EP 
Motacillidae Richard's Pipit  Anthus novaeseelandiae 
Passeridae House Sparrow  Passer domesticus* 
Hirundinidae White-backed Swallow  Cheramoeca leucosternus 
Hirundinidae Welcome Swallow  Hirundo neoxena 
Hirundinidae Tree Martin  Hirundo nigricans 
Sylviidae Little Grassbird  Megalurus gramineus EPBC Act 
Alaudidae Rufous Songlark  Cincloramphus mathewsi 
Alaudidae Brown Songlark  Cincloramphus cruralis 
Zosteropidae Silvereye  Zosterops lateralis 
Muscicapidae Common Blackbird  Turdus merula* 
Sturnidae Common Starling  Sturnus vulgaris* 

Table 7 - Birds Australia records of birds within 1-degree block that includes study site 
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An expanded version of the Birds Australia species list, which includes the ecological 
preferences of each species is attached to this report in Appendix 4. Counts of waders, 
conducted in 1984 and 2000 by Birds Australia are provided in Table 8 below. 
 
A point of interest is the Sooty Oystercatcher numbers. It was notable during the November 
2004 site visit that while both Sooty Oystercatchers and Pied Oystercatchers were sighted 
foraging in the study area, only the Pied Oystercatcher was located further south, at Shelly 
Beach. This may be explained by the Sooty Oystercatcher’s preference for reefs, which are 
present at both extremities of the study area. Watkins (1993) lists Murat Bay as a site of 
international importance for the conservation of this species. 
 
Common Name Species name Murat Bay 

Wader Count 
(2000) 

Murat Bay 
species of 

significance 
identified during 

Wader Count 
(1984) 

Conservation Interest 

Bar-tailed Godwit  Limosa limosa 26  EPBC Act 
Eastern Curlew  Numenius madagascariensis 1  Vulnerable (SA NP&WS) 

EPBC Act, Vulnerable EP 
Common 
Greenshank  

Tringa nebularia 46  EPBC Act 

Common Sandpiper  Actitis hypoleucos 3  EPBC Act 
Grey-tailed Tattler  Heteroscelis brevipes 6  EPBC Act 
Ruddy Turnstone  Arenaria interpres 56 171 Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red Knot  Calidris canutus 38  EPBC Act 
Red-necked Stint  Calidris ruficollis 913  EPBC Act 
Sharp-tailed 
Sandpiper  

Calidris acuminata 271  EPBC Act 

Curlew Sandpiper  Calidris ferruginea 144  EPBC Act 
Pied Oystercatcher  Haematopus longirostris 29  
Sooty Oystercatcher  Haematopus fuliginosus 107 163 Site of international 

importance according to 
National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Grey Plover  Pluvialis squatarola 81 123 Site of national importance 
according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red-capped Plover  Charadrius ruficapillus 79  EPBC Act 
Banded Lapwing  Vanellus ticolor 238  EPBC Act 
Masked Lapwing  Vanellus miles 6  EPBC Act 

Table 8 - Birds Australia wader counts in Murat Bay, 1984 & 2000 

5.1.1 Possible impacts on bird life 
Waders harvest food from the tidal flats. Each bird species has a particular preference – those 
with heavy beaks, such as Oystercatchers, can split open bivalve shells and would use the 
mussel top reefs as their major food source. Others, with more slender beaks, probe the sand 
flats for polychaete worms, sipunculids or small crustaceans. Those with longer beaks are 
able to obtain organisms that move deep within the sand, while the shorter beaked birds are 
restricted to those organisms that live close to the surface. These specific ecological 
preferences mean that the impacts of any development will vary, depending on the species 
involved. 
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The areas of possible impact could include: 

− the construction of a boating channel and groynes may alter the flushing and draining 
patterns of the sand flats, resulting in some areas becoming better drained (near the deep 
channel) and therefore firmer, while other areas may drain less well (the newly formed 
‘pockets’ where the groynes meet the beach) and therefore may become hypoxic. The 
texture of the sand flats is quite likely a determining factor in which species of 
invertebrates inhabit the benthos. This has implications on the availability of appropriate 
food sources for migratory waders, 

− the increased usage of the sand flats as boats enter and leave the marina may disturb the 
more sensitive species of birds, and 

− the Sclerostegia arbuscula chenopod shrubland present in the stranded dissected salt 
marsh currently provides habitat for many small birds such as Thornbills and Chats, and 
these birds do not utilise deep waterways as habitat. 

 

5.2 Reptiles and amphibians 
The sandy areas (dunes and ridges) of the site contained large numbers of small painted 
dragons (Ctenophorus pictus) that ran rapidly for shelter under thorny bushes as they were 
approached. In the early morning the sandy sections of the site showed tracks of small snakes 
and lizards. As well as the live lizards noted in the following table, a jaw of a sleepy lizard 
was found, several lizard holes were noted and a scat from a large lizard that contained plant 
materials, beetle elytra and white snails was recorded. 
 

Common name Family: Species 
Painted dragons Agamidae: Ctenophorus pictus 
Sleepy lizards Scincidae: Tachydosaurus rugosus 
Small skinks Scincidae 

Table 9 – Lizards sighted 

 

  
Figure 19 - Snake and lizard tracks 

 
No amphibians were sighted or heard during the site visit. This is not surprising given the 
salty and dry nature of much of the site. It is possible that some amphibians may occur in 
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winter in the area near the BP service station where a soak apparently exists. The soak was 
not evident to the consultants who undertook this visit. 
 

5.3 Mammals 
During the site visit a fox (Vulpes vulpes) was sighted and fox tracks and a hole were located. 
Several rabbits (Oryctolagus cuniculus) were seen, a scrape was located and their dung was 
widespread. The remains of a sheep (Ovis aries) and quantities of old sheep dung suggest that 
it may be some time since sheep were grazed on the site. Fresh horse tracks (Equus caballus) 
were also recorded. 
 
Wallaby tracks were found on the rocky headland to the northwest of the site. 
 
Conservation reserves in the district support populations of spinifex hopping mice (Notomys 
mitchelli) and echidnas (Tachyglossus acculeatus). It is possible that the dunal elements to the 
north and north west of the site may support these species. Other mammals that may possibly 
be found in the less disturbed portions of the site include the fat tailed dunnart (Sminthopsis 
crassicaudata), little long tailed dunnart (Sminthopsis dolichura), western pygmy possum 
(Cercatetus concinnus), western grey kangaroo (Macropus fuliinosus), and several species of 
bats. Strahan (1995) suggests that the area marks the western extremity of the eastern 
population of the southern forest bat, Vespadelus regulus.  
 

5.4 Terrestrial invertebrates 
During the vegetation survey, any invertebrates that were present were noted. Several sweeps 
were also made during the late morning, in a sunny period with a light to moderate wind. 
Additionally a night time light trap was used to determine the range of nocturnal insects 
present.  
 
The weather during the site visit was hot, with a northerly wind blowing. In the day-time the 
small bush flies (Musca vetustimma) were in pestilential proportions, and at night they were 
replaced by the flying stages of termites in similar proportions.  The other insect attracted to 
the light trap at night in large numbers was a small grey and white moth, probably 
Protolechia sp. Many small wasps were visible in the day time, and spiders were harvesting 
these in webs strung across the samphires and smaller shrubs. 
 
Invertebrates are not protected under the National Parks and Wildlife Act 1972 of South 
Australia. However, some South Australian butterfly species are listed under the federal 
government’s Action Plan for Butterflies (Sands and New, 2002), a document developed 
under the provisions of the Environment Protection and Biodiversity Conservation Act 1999 
of Australia. According to the Biodiversity Plan for Eyre Peninsula (DEH, 2002) the butterfly 
groups most likely to contain threatened members are the Skippers, Coppers and Blues. The 
latter two groups require the attendance of specific any species as well as habitat containing 
their food, making them particularly vulnerable to ecological disturbance.  
 
The Dinosaur ant (Nothomyrmecia macrops) does not have protection under legislation but is 
only known from seventeen sites on the Eyre Peninsula. It inhabits patchy stands of mallee, 
including Eucalyptus gracilis (present on the site). While no dinosaur ants were observed, this 
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was expected as the ant is nocturnal. No honey trapping was conducted as the night time 
temperatures were too high. The ants only forage when the temperature drops to less than 15-
18oC (DEH, 2002). 
 
Common name Order:Family:Species Day-time 

sweeps & 
observations 

Night 
trap 

Insects    
Black longicorn beetles Coleoptera: Cerambycidae x  
Ladybirds Coleoptera: Cocinellidae x  
Brown scarab beetles (many) Coleoptera: Scarabaeidae  x 
Dragonflies (large grey blue) Odonata: Libellulidae: poss. Orthetrum sp. x  
Wanderer butterfly Lepidoptera: Nymphalidae: Danaus plexippus x  
Lesser wanderer butterfly Lepidoptera: Nymphalidae: Danaus chrysippus x  
Orange/brown butterfly Lepidoptera: Nymphalidae x  
Caper white butterfly Lepidoptera: Pieridae: Anaphaeis java x  
Skipper butterflies Lepidoptera: Hesperiidae x  
Blue butterflies on melaleucas Lepidoptera: Lycaenidae x  
Case moth Lepidoptera: Psychidae:poss Hylarcta sp. x  
Feather wing moths Lepidoptera: Cosmopterigidae  x 
Small grey/white moths (many) Lepidoptera: Gelechiidae: prob Protolechia sp.  x 
Termites (winged queens) (many) Isoptera:   x 
Green tree hopper Hemiptera: Membracidae: Sextius virescens x  
Brown & white bugs Hemiptera: Lygaeidae  x 
Stink bug Hemiptera: Pentatomidae  x 
Burrowing bug Hemiptera: Cydnidae  x 
Cotton cushion scale Hemiptera: Margarodidae x  
Native bee with blue stripes Hymenoptera: poss Anthophoridae x  
Meat ants Hymenoptera: Formicidae: Iridomyrmex sp. x  
Large inch ant black rear, red body and 
yellow jaws 

Hymenoptera: Formicidae: Myrmecia sp. x  

Flying ant Hymenoptera: Formicidae  x 
Large black/orange heavy built potter 
wasp 

Hymenoptera: Vespidae x  

Irridescent green small wasps Hymenoptera x  
Small yellow wasps Hymenoptera x  
Almost microscopic wasps Hymenoptera: poss Diapriidae  x 
Hoverflies Diptera: Syrphidae x  
Wait-a-while flies (bush flies, eye flies) Diptera: Muscidae: Musca vetustimma x x 
Big blue-bottle flies Diptera: Calliphoridae x  
Long-leg flies Diptera: Dolchopodidae  x 
Black biting flies Diptera: Tabanidae x  
Eucalyptus gall midges Diptera: Cecidomyidae x  
Antlions Neuroptera: Myrmeliontidae x  
Bush crickets Orthoptera: Gryllidae x  
Spiders    
Mexican hat spiders Araneae: prob Stiphiidae x  
Sac spider Araneae: Miturgidae x  
Garden orb, or wheel weaver spider Araneae: Araneidae: Eriophora transmarina x  
Green jumping spider Araneae: Salticidae x  
Flower spider Araneae: Thomisidae x  
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Common name Order:Family:Species Day-time 
sweeps & 

observations 

Night 
trap 

Other arthropods    
Small red mites Acarina x  
Scorpion hole Scorpionida x  
Gastropods    
White snails Molluca: Helicidae: Cernuella vestita* x  
Small snails Molluca: Helicidae: Cochlicella acuta* x  

Table 10 - Terrestrial invertebrates recorded on the site 

 

 
Figure 20 - Spider webs catching the many small flying wasps 

6. Intertidal flora and fauna 
This study examined only the intertidal zone of the study area. Subtidal areas (those covered 
by water in the photograph below) were not observed. 
 

6.1 Observations 
The study site is a sheltered, calm water coast, and the majority of the bay is taken up by wide 
sand flats, with rocky platforms confined to the southern and northern extremities. A series of 
observations was recorded for the intertidal zone. The locations of these observations are 
shown in Figure 16, over the page.   
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The rocky portions of the site are dominated by Hormosira banksii, with small quantities of 
other brown macroalgae. The tubeworm Galeolaria is often present on these rocky sections, 
along with ribbed top shells, conniwinks and beaked mussels. 
 
Musseltop reefs, formed by the growth of beaked mussels over limestone or coffee-rock, 
project out from the shore towards the sandy flats. These are sometimes edged with 
Hormosira banksii and Enteromorpha intestinalis. 
 
The sand flats themselves vary. There are firm areas of bare sand, large zones of soft sand 
with beds of Zostera and Ruppia, and some firm sand areas supporting Hormosira beds. The 
tidal flat version of Hormosira has larger, spherical vesicles (Womersley, 1984) when 
compared to the same alga growing on the reefs. Few other plants are present. Evidence of 
sand snails and benthic worms is common. Some areas appear to contain slightly hypoxic 
sediments, evidenced by the grayish colouration of the underlying sands, but these areas also 
contain evidence of worm habitation, suggesting that these zones may be organically 
enriched. Where clean sand occurs in rear reef pools, Pinna bicolor can be found.  
 

 
Figure 21 - Observation points in the intertidal zone 

 
At each observation point the location was recorded using a GPS, and a note made of the 
species present and any geomorphological features.  
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Comments 

1 373882 6446949   Y    Y    Dense Zostera muelleri and Ruppia bed heading SE 
from location 

2 373838 6446918   Y    Y    Dense Zostera and Ruppia bed, firmer on higher 
part of sandbar 

3 373724 6446837    Y Y     Y Muddy rock reef with mussels and Hormosira 
4 373704 6446788   Y        Large Ruppia bed with some Zostera, short billed 

migratory shorebirds feeding 
5 373646 6446773          Y Musseltop reef 
6 373612 6446789   Y Y       Hormosira bed with small amounts of green and 

brown macroalgae, Zostera in gaps 
7 373603 6446810   Y        Dense long Zostera bed stretching in to shore, 

pebble crabs 
8 373644 6446822       Y    Razorfish in reasonably clear sand 
9 374552 6446040 Y Y         Sarcocornia with half a dozen mangroves 

10 374552 6446059  Y         Small patch of Sclerostegia arbuscula, seaward of 
mangroves 

11 374506 6446052    Y Y      Seaward of samphires - Austrocochlea, Ostrea, 
Hormosira, Galeolaria 

12 374512 6446071     Y Y     Patch of black rocks within reef area 
13 374523 6446126   Y    Y    Tiny blades of Zostera/Ruppia protruding through 

sand in patches about 50cm across 
14 374511 6446138    Y Y Y    Y Hormosira topped with cast seaweed and some 

exposed patches of musseltop reef 
15 374588 6446134 Y Y         Area of Sarcocornia, Suaeda, Sclerostegia with a 

dozen small scattered mangroves 
16 374559 6446213    Y   Y    Wide sandy bay with Hormosira beds on locations 

16 and 17 
17 374580 6446227    Y   Y    Wide sandy bay with Hormosira beds on locations 

16 and 17 
18 374567 6446256        Y Y  Area of sulfidic grey sand with wormholes, 

approximately 6m x 12 m across 
19 374538 6446307     Y     Y Musseltop reef with Hormosira on Locations 19 and 

20 
20 374511 6446325    Y Y      Musseltop reef with Hormosira on Locations 19 and 

20 
21 374527 6446358     Y      Areas of bare coffee-rock reef 
22 374481 6446421       Y Y Y  Beach, small protruding rocks run north to next 

point, sulfidic areas with worms, approx 50m long 
near channel 

23 374468 6446439       Y Y Y  Second sulfidic patch, occurring on megaripples 
intersecting northerly reef 

24 374423 6446517     Y     Y Exposed coffee-rock with musseltop surround along 
waterline 

25 374437 6446536     Y     Y Low reef seaward all musseltop, lots of patches of 
coffee rock, many Bembicium & Nerita 

26 374456 6446563  Y         Sarcocornia 
27 374465 6446572 Y Y         Suaeda inland to mangroves & Sclerostegia, which 

start at GPS location 

Table 11 - Intertidal zone observations 
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Figure 22 - Pinna bicolor in a rear reef pool 

 
Figure 23 - Pebble crab and brown algae in rear reef pool 

EMS-CED-001-PC/FC  Page 41  



Delta  Ceduna Marina Biodiversity Survey 

6.2 Benthic surface quadrats 

 
Figure 24 - Benthic quadrat and core locations 

To obtain baseline information on the inhabitants of the sand flats a transect was laid across 
the intertidal zone. At twenty (20) locations a quadrat was placed, and a record was made of 
the numbers of worm holes, snail trails, vegetation or visible animals.  
 

 
Figure 25 - Shorebirds and protruding polychaete worm tubes 
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As with the observations recorded in the previous section, the presence of slightly hypoxic 
sediments was linked to apparently larger numbers of worm holes. The largest numbers of 
worm holes were located in quadrats nearer the centre of the sampling transects, while snail 
trails were located towards the edges of the transect. 
 

Q
ua

dr
at

 

E
as

tin
g 

N
or

th
in

g 

W
or

m
 

ho
le

s/
m

2 

S
na

il 
tra

ils
/m

2 

M
us

se
ls

/m
2 

Zo
st

er
a 

pr
es

en
ce

 

R
up

pi
a 

pr
es

en
ce

 

Comments 

1 374462 6446431 0 0 0   Just bird dabbles & a half buried anemone nearby 
2 374434 6446455 32 0 0   Sand black under the surface 
3 374409 6446482 84 0 0   Cymatiella leseuri (Leseur's sand whelk) in quadrat, lives on 

intertidal reef & eats compound ascidians 
4 374385 6446507 0 28 40   Brachiodontes rostratus (Beaked mussel) and Austrocochlea 

constricta (Ribbed top shell) on small rocks protruding 
through sand 

5 374356 6446535 0 0 0 Yes  Very shelly under the surface rippled sand, small patches of 
Zostera mucronata protruding above sand on larger bars 

6 374316 6446569 44 0 0 Yes Yes About 6% coverage with Zostera mucronata with small 
amounts of Ruppia tuberosa between Zostera tufts 

7 374291 6446594 4 0 0 Yes Yes Zostera mucronata with small amounts of Ruppia tuberosa 
between Zostera tufts 

8 374263 6446620 116 0 0   Sand soft, slightly greyish under the surface 
9 374233 6446650 176 0 0   

10 374209 6446674 224 0 0   
11 374181 6446702 56 0 0   
12 374150 6446729 108 0 0   
13 374122 6446755 88 0 0   Small rock nearby with large beaked mussels 

(Brachiodontes rostratus) 
14 374099 6446789 96 0 0   
15 374069 6446814 84 80 0   Many snail tracks, estimated number as they intersect and 

overlap 
16 374039 6446838 40 12 0   Birds following the tide, further out 
17 374010 6446867 32 0 0 Yes  Small lengths of Zostera mucronata protruding from the sand
18 373991 6446891 32 0 0   
19 373962 6446911 8 8 0   
20 373944 6446931 8 80 0   Many of the snail trails were short circular tracks, with a few 

longer tracks 

Table 12 - Intertidal quadrats 

 

6.3 Benthic cores 
A benthic core of 500 cm3 was extracted from under each of the twenty (20) quadrats, and 
returned to base for sieving and processing. 
 
The benthic cores confirmed the surface observations, returning greater numbers of organisms 
in those cores taken from the centre of the transect line. The majority of the organisms were 
polychaete worms and peanut worms (sipunculids), however the cores also contained 
numbers of gastropods, bivalves, crustaceans and ribbon worms. 
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1 374462 6446431 2                2 
2 374434 6446455 3                3 
3 374409 6446482 2                2 
4 374385 6446507  4 1              5 
5 374356 6446535  1   1            2 
6 374316 6446569 1 2  2 1 1     1      8 
7 374291 6446594  4     1          5 
8 374263 6446620  3  1             4 
9 374233 6446650  5         2 3     10 

10 374209 6446674        1   3  2    6 
11 374181 6446702  1         4  1 1   7 
12 374150 6446729  2         1 2   1  6 
13 374122 6446755  1         2      3 
14 374099 6446789  1         4      5 
15 374069 6446814  1               1 
16 374039 6446838          1 1      2 
17 374010 6446867  2         1      3 
18 373991 6446891 1 4               5 
19 373962 6446911 1 2       3 1      1 8 
20 373944 6446931         2  1      3 

Table 13 - Intertidal benthic cores 

 

6.4  Intertidal species – ecological notes 
The north western extremity of the site contains several reefs that form fish traps. From the 
headland it was possible to observe fish in these areas as the tide went out. Mullet, whiting 
and black finned rays were sighted in the shallows. 
 
Amalgamated lists of all recorded fauna and flora of the intertidal zone, as well as notes on 
their ecological preferences, is presented in the following two tables. 
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Group Species Common 

name 
Ecological preferences (MacPherson & Gabriel (1962), 
Shepherd & Thomas (1989), Hale (1976)) 

Polychaete 
worms 

Australonereis 
ehlersi 

Bait worm Estuarine conditions, hunts from shelter of tough but limp sandy tube

 Galeolaria 
caespitosa 

Tubeworms On hard substrates such as coffee-rock and limestone 

 Nephtys 
australiensis 

A polychaete Prefers muddy sand, burrows actively using pharynx, associated 
with seagrass beds 

 Olganereis 
edmondsi 

A polychaete Lives in intertidal sandy areas in a gelatinous sandy tube, only 
recorded in SA 

Gastropods Austrocochlea 
constricta 

Ribbed top 
shell 

Variety of habitats on low to medium energy coastlines 

 Batillaria sp. Mud whelk Sand and mud flats, feeds by crawling just under the surface 

 Bembicium 
melanostomum 

Dark mouthed 
conniwink 

Prefers sheltered bays and mangrove swamps 

 Cerithiopsidae Little creeper Almost microscopic small shells, no ecological details 

 Clanculus 
plebejus 

A clanculus Littoral reefs in calm waters 

 Cymatiella 
leseuri 

Leseur's sand 
whelk 

Intertidal reefs, eats anemones and ascidians 

 Diloma sp. A periwinkle Rocks and weeds in littoral pools 

 Lepsiella 
flindersi 

Flinder's 
lepsiella 

Found in association with Galeolaria, mussels and barnacles, its 
food source, on littoral reefs 

 Mitrella 
lincolnensis 

Dove shell Found on algae or crawling on the surface in the shallows 

 Nerita 
atramentosa 

Black nerite Littoral and supralittoral reefs 

 Salinator sp. Air breather, 
sand snail 

Samphire and mangrove flats as well as back dune swamps 

Bivalves Brachiodontes 
rostratus 

Beaked 
mussel 

On "mussel-top" reefs in upper and mid littoral zone, small bivalve 
Kellia australis always associated (not observed) 

 Katelysia 
scalarina 

Stepped 
venerid 

Sandy shores, lower littoral 

 Ostrea sp. Oyster On rocky reefs, mid littoral 

 Pinna bicolor Razorfish In soft sand 

 Solemya 
australis 

Southern date 
shell 

Burrows in mud or sand in sublittoral zone 

Sipunculids Phascolosoma 
noduliferum 

A peanut 
worm 

In sand or embedded in Galeolaria colonies 

 Themiste sp. A peanut 
worm 

Gut contents: sand, shell particles and marine plant detritus 

Crustaceans Callianassidae 
sp. unk 

Sand borer 
shrimp 

Muddy sand flats 

 Gammaridea 
sp. unk (1) 

Sea louse Intertidal sand, detrital feeders 

 Gammaridea 
sp. unk (2) 

Sea louse Intertidal sand, detrital feeders 

 Philyra laevis Pebble crab Amongst brown algae in shallow pools 

Nemertean 
worms 

Nemertea sp. 
unk 

Ribbon worm Burrows in soft sediments of intertidal zone 

Bryozoans Unknown sp Lace coral In shallow back-reef pools  

Table 14 - Intertidal fauna list, with ecological preferences 
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Phyla Order Family Species Common 

name 
Comments 

Cyanophyta  Rivularia sp. Blue green 
colonies 

Attached to rocks 

Phaeophyta Fucales Cystoseiraceae Cystoseira trinodis Common in estuaries and sheltered 
rear-reef pools 

  Scaberia agardhi Cast specimen from deeper water 
  Sargasaceae prob Sargassum 

verruculosum 
In sheltered rear-reef pools 

  Hormosiraceae Hormosira banksii 
forma banksii 

Neptune's 
necklace 

On sheltered platforms or musseltop 
reefs in sandy/muddy tidal flats 

 Ectocarpales Ectocarpaceae Unknown species In sheltered rear-reef pools 
Rhodophyta Cryptonemiales Corallinaceae Unknown species 

of coralline algae 
On other macroalgae 

Chlorophyta Ulvales Ulvaceae Enteromorpha 
intestinalis 

Green guts On reefs and platforms 

Magnoliophyta Potamogetonales Zosteraceae Zostera 
mucronata 

Eel grass Sandy/muddy intertidal flats 

  Zostera muelleri Eel grass Sandy/muddy intertidal flats 
  Potamogetonaceae Ruppia tuberosa Sea tassels Sandy/muddy intertidal flats 

Table 15 - Intertidal flora list, with ecological preferences 

 

6.4.1 Possible impacts in the intertidal zone 
Impacts to the intertidal zone may result from developments that alter the geomorphic and 
hydrological aspects of the bay: 

− the construction of a boating channel may alter the flushing and draining patterns of the 
sand flats, resulting in some areas becoming better drained (near the deep channel) and 
therefore firmer, drier and better oxygenated. The texture of the sand flats is quite likely a 
determining factor in which species of invertebrates inhabit the benthos, so this type of 
habitat change could be reflected by a change in the species of invertebrates occupying the 
benthos. 

− where groynes meet the beach the newly formed ‘pockets’ may drain less well, and may 
accumulate seaweed and seagrass wrack. This could result in the sediments becoming 
softer, organically enriched and more hypoxic. If accumulation is minor, the benthos may 
become dominated by species that can tolerate such conditions. If accumulation is major, 
the rotting organics could produce hydrogen sulfide gases. This has ecological effects, as 
H2S can cause the death of benthic organisms, and aesthetic/health effects on air quality. 

 

7. Site usage history 

7.1 Aerial photography review 
Earliest aerial photography (Survey 49, 1950) covers only the southern portion of the study 
site. The south eastern part of Allotment 20, including the long sloping hill at the south-
eastern corner of the study area, was cleared prior to 1950, with small stands of trees and 
shrubs remaining and leaving the current samphire shrub land uncleared. The main highway 
was constructed prior to 1950, although not sealed, and the samphire swamp on the claypan 
was probably cut off from the tide at this time.  
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Wood (2004) specifies that a midden is located in the sandhills north of the BP service 
station, and a burial ground is reputed to be located on the small ridge in the stranded 
saltmarsh, north of the current border checking station. Both of these areas are visible in this 
early photograph and show signs of disturbance, with narrow tracks leading to and around 
them.   
 
By 1968 (Survey 1115) some form of mining was occurring on the south eastern corner of the 
study site. The Town Camp location was well serviced by tracks and there were several large 
trees in evidence. Some disturbance, in the form of a rectangular track, appears to be 
occurring along the old drainage channel from the saltmarsh. This is reputedly where a natural 
soak occurs. A track, or possibly a fenceline, runs diagonally across the stranded saltmarsh, 
from the south eastern hill slope. The northern part of Allotment 20 has a small pit, possibly 
mining of materials for road base. The trees on the ridge at the northern extremity of the 
stranded saltmarsh appear to be in good condition. 
 
A small building is present on the northern block (Allotment 22), which is only partially 
cleared (mainly in the north) and contains good stands of trees. Section 197 shows evidence 
of tracks, and may be grazed, but has not apparently been cleared. 
 
The 1972 photograph (Survey 1399) shows the entire site. Dumping of fill appears to be 
occurring along the old drainage channel from the saltmarsh. There are buildings where the 
roadhouse currently is located, and a building at the current location of the border checking 
post.  
 
By 1979 (Survey 2401) some form of mining appears to be occurring in the sourthern part of 
Allotment 22. The south eastern corner of Allotment 20, adjacent to the pit, shows evidence 
of some type of light cultivation, possibly the placing of improved pasture. Further 
development of the road house is visible and there appears to be an extension of the filled area 
in the southernmost corner of the stranded saltmarsh. 
 
Survey 4532, flown in 1992 is in colour. Continued expansion of the southern filled area is 
visible. 
 
The photographs show that the most northerly and south easterly portions of the study area 
were cleared in the past, however the remainder of the site has only been either lightly cleared 
or not cleared but simply grazed. The portions of the block that were cleared are visible in the 
present vegetation associations as predominantly D3M: mid-dense tall sod grassland, F2S: 
open mid-high forbland and G2S: open tussock grassland. 
 

7.2 Land tenure review 
The study area is shown on the original diagram book drawing (attached in Appendix VII – 
Diagram book) as parts of the larger Sections 13 and 35, along with several pieces of coastal 
reserve. The land is now denominated as Allotment 22 DP 53902, Allotment 20 DP 55492, 
Allotment 593 FP 180625, Parts of Section 197, Parts of Section 265 and a portion of seabed. 
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Figure 26 - Cadastral information on study area 

EMS-CED-001-PC/FC  Page 48  



Delta  Ceduna Marina Biodiversity Survey 

7.2.1 Coastal reserve 
The coastal reserve along the northern portion of the study site was deemed to be Section 197 
in 1972 and granted as a land grant (LG 3969/65) to the Aboriginal Lands Trust. In 1980 it 
was leased to the Far West Aboriginal Progress Association for a term of 99 years. The lease 
was surrendered in 1991 and a new lease to the Yarilena Community Incorporated was issued, 
with an expiry date of 2016. In 1998 a new title (CT 5580/764) was issued. 
 
The coastal reserve along the southern portion of the site was unallocated crown land until 
2000 when a new Crown Record was created (CR 5768/868) and Section number 265 was 
allocated to the land. This land is under the care and control of the Minister for Environment 
and Conservation. 
 

7.2.2 Section 35 
Section 35, which included the land now forming Allotment 20 and the Town Camp, was held 
as an undated Miscellaneous lease by George Edward Fleetwood, farm labourer until 1903 
when Act 830 of 1903 allowed for the creation of Perpetual Lease 11408. In 1928 the lease 
was transferred to Leo Bernhardt Hughes, farmer. In 1951 the land was transferred to Kenneth 
Allen Schiverz, also a farmer. Schirvarz partially surrendered the lease in 1963, and 
transferred portion of the lease to Eric Leslie Baumann in 1965.  
 
In 1968 a new Crown Lease was issued, for all of Part 230, to Water Karl Obersen, service 
station owner. In 1969 the lease was transferred to Vytuatus Vincentas Patupas, road house 
proprietor, with the mortgage held by Water Karl Obersen.  
 
In 1970 tile for the land was issued (CT 3684/191) with an encumbrance on it to ESSO 
Australia Pty Ltd, then was transferred to Water Karl Obersen and finally transferred to 
Maxwell Robert Christie, Branch Manager. In 1971 the title was apportioned between 
Vytuatus Vincentas Patupas and Maxwell Robert Christie.  
 
In 1973 portions of the land were discharged from encumbrances, new titles were issued 
(CT’s 4007/699, 4007/700, 4007/701 and 4007/702) and a portion was transferred to the 
Minister for Agriculture (CT 4007/698, replaced by CT 5735/114) for the border checking 
station.  
 
In 1998, 4007/702 was reissued as CT 5657/128. In 2000 this title and the others forming Part 
230 were amalgamated as CT 5830/129 (with the land now denominated as Allotment 20) and 
transferred to the District Council of Ceduna, with a caveat by Ceduna Marina Development 
Co Pty Ltd. 
 

7.2.3 Section 13 
Section 13 was a very large section, of which the current Allotment 22 is only a small part. In 
1921 an agreement for sale was entered into, between the Commisioner of Crown Lands 
(George Laffer) and Walter Henry Sedgley and Harold Thomas Sedgley, farmers and 
graziers. In 1945 Harold Sedgley died. In 1952 Land Grant 2214/182 was issued to Walter 
Henry Sedgley, butcher and grazier. In 1957 the land was transferred to Ronald Alex Kies and 
in 1962 it was transferred to his widow, Viola Elsa Kies. Seven years later the land was sold 
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to Laurence Leopold and Erna Alvira Hoffrichter (farmers), with a caveat by the South 
Australian Railways Commissioner.  
In 1970 the land was transferred to Gilbert Wilfred Anderson and Yvonne Cherie Anderson, 
who leased it back to the Hoffrichters as a 10 year lease. Yvonne Cherie Anderson transferred 
her moiety to Gilbert Wilfred Anderson in 1975. A portion of the land was transferred to 
South Australian Railways as CT 3683/100. 
 
The land was divided in 1978, with portions being transferred to Richard Swinburne Jolly and 
Helen Fraser Fell (CTs 4139/17 and 4139/16), amongst others, while Gilbert Wilfred 
Anderson retained what was now Allotment 7 of Section 13, as CT 4139/23. Numerous 
railway easements were negotiated over the next few years, before the title was reissued as 
CT 4157/438 in 1980. In 2000 the title was computerised and reissued as CT 5491/351. The 
title was cancelled and transferred as a Crown Lease to the District Council of Ceduna. In 
2003 a new title CT 5906/567 was issued to the District Council of Ceduna subject to 6 
railway easements and a caveat by Ceduna Marina Development Co Pty Ltd. 
 
A land tenure summary is attached to this report in Appendix V – Land ownership summary, 
and copies of the results of LTO searches are attached in Appendix VI – Land tenure 
documents. 
 

8. Interaction with airport 
The proposed development is located on a site that varies from between 2 and 4 kilometres 
from the Ceduna airport. Birds can pose a flight hazard near airports, and some sorts of 
developments may attract large numbers of birds. The twenty most dangerous birds, 
according to the Australian Transport Safety Bureau (2002) are the following: 
 
Species Number of strikes (1991-

2001) 
% resulting in 

damage to aircraft 
% having effect on 

planned flight 
Composite hazard 

ranking 
Eagle 38 55.3 13.2 1 
Ibis 39 41.0 17.9 2 
Duck 52 26.9 19.2 3 
Bat 72 25.0 13.9 4 
Galah 154 17.5 14.9 5 
Gull 136 15.4 3.7 6 
Kite 90 14.4 4.4 7 
Hawk 156 12.8 5.1 8 
Pigeon 53 16.9 0 9 
Owl 19 5.3 10.5 10 
Lark 16 12.5 0 11 
Starling 17 11.8 0 12 
Magpie 117 5.1 5.9 13 
Plover 143 6.9 2.8 14 
Curlew 31 9.7 0 15 
Peewee 18 0 5.6 16 
Falcon 18 0 5.6 17 
Swallow 66 4.6 0 18 
Kestrel 92 1.1 0 19 
Sparrow 38 0 0 20 
N.B. Due to the nature of birdstrike reporting, general terms are often used to identify the species of bird struck. 
Therefore, a number of sub-species may be listed under the one common generic name.  

Table 16 - Bird strike hazards (ASTB, 2002) 
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The main hazard appears to be confined to those larger birds that fly in open areas, or that 
flock. Developments that encourage the presence of ibis, ducks, galahs and gulls would 
appear to be the most likely to increase the risk of bird strike at an airport.  
 
The existing site is an important wading bird site, and the proposed marina is not likely to 
increase the numbers of these birds. However, changed land use may attract other species in 
larger numbers. 
 
Open areas of fresh and brackish (as opposed to saline) wetlands are likely to attract birds 
such as ducks, ibis and egrets. The evaporation rate at Ceduna is unlikely to permit the 
development of fresh to brackish wetlands in anywhere other than soaks or in infrastructure 
areas such as sewage treatment facilities. At Ceduna the town’s sewage effluent ponds are 
located between the development and the airport, and increased numbers of houses and 
businesses will result in increased capacity requirements for the WWTP works. The 
expansion of the WWTP may result in a larger area of fresh water lagoons being available for 
ducks, ibis and egrets. 
 
Galahs may be attracted to open parks and gardens if the grasses include weed species such as 
guildford grasses (Romulea spp.) and Erodium sp. (crane’s and stork’s bills). They also prefer 
areas where cover is kept less than 15 cm tall.  
 
Open flat areas may provide roosting areas for gulls. Gulls are a particular problem as they 
are scavengers, and will move to new developments to scavenge from parks, bins, the outside 
of food processing plants and shopping centres. Gulls tend to be attracted to fishing vessels, 
and may be attracted to the marina if it is developed as a commercial fishing centre. Besides 
being attracted to the development itself, gulls may be attracted to the local support 
infrastructure. At Ceduna the rubbish tip is located between the proposed development and 
the airport, and increased numbers of houses and businesses will result in increased usage of 
the tip. Unless the expansion of the tip is managed carefully, larger exposures of waste may 
occur, and these may attract gulls. 
 

9. Concluding summary  

9.1 Current state of vegetation  
Reassess the current state of vegetation on the non-tidal (terrestrial) subject area, and 
describe the possible impacts of any development on this vegetation.  
 

The site has several morphological terrestrial vegetation units that occur from the landward 
edge of the intertidal zone, through salt pans, dunes and cheniers. These are represented in the 
map in Appendix I – Vegetation associations. 

 
The plant associations in the surveyed morphological units are: 
• C1D: Closed dwarf chenopod shrubland in the intertidal area, dominated by Sarcocornia 

quinqueflora and Suaeda australis. This habitat is in good condition and covers 
approximately 1.3 percent of the study area, or 2.4 hectares. 
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• C2M: Mid-dense low chenopod extratidal shrubland dominated by Halosarcia pruinosa, 
H. pergranulata, and H. halocnemoides often with Hemichroa diandra as a sub-
dominant. This habitat is within the stranded saltmarsh and covers approximately 19.1 
percent of the study area, or 34.5 hectares. 

• C3S: Open mid-high chenopod shrubland dominated by Atriplex spp., Maireana spp. 
and/or Frankenia spp. often with an understorey of Hemichroa diandra. This habitat is 
within the stranded saltmarsh and covers approximately 11.2 percent of the study area, or 
20.1 hectares. 

• C4D: Closed tall chenopod shrubland in the supratidal area, dominated by Sclerostegia 
arbuscula. This habitat is in good condition and covers approximately 0.4 percent of the 
study area, or 0.6 hectares. 

• D3M: Mid-dense tall sod grassland dominated by anthropogenic grasses. This habitat 
covers approximately 6.6 percent of the study area, or 12 hectares. 

• F2S: Open mid-high forbland dominated by Ward’s weed interspersed with scattered 
chenopods (Sclerolaena spp.and Salsola kali). This habitat is dominated by a weed that is 
indicative of overgrazing (Mitchell & Willcox, 1998) and covers approximately 3.1 
percent of the study area, or 5.6 hectares. 

• G2S: Open tussock grassland dominated by Austrostipa spp. and Danthonia setacea. This 
habitat covers approximately 11.2 percent of the study area, or 20.3 hectares. 

• S3S: Open mid-high shrubland on dunes and shelly ridges with Geijera linearifolia, 
Olearia spp., Acacia spp. and Pittosporum phylliraeiodes. Isolated tall shrubs may occur 
in patches. The majority of this habitat is within the stranded saltmarsh and covers 
approximately 8.4 percent of the study area, or 15.1 hectares. 

• S3V: Sparse mid-high shrubland dominated by Olearia spp., Geijera linearifolia, 
Maireana and Cratystylis conocephala.  This habitat is in good condition and covers 
approximately 4.2 percent of the study area, or 7.5 hectares. 

• S41: Isolated tall shrubs, usually Melaleuca spp. or Acacia spp. The majority of this 
habitat is within the stranded saltmarsh and covers approximately 3.9 percent of the study 
area, or 7.1 hectares. 

• S4D: Closed coastal dune tall shrubland occurring along the primary dune, dominated by 
Nitraria billardierei, Atriplex vesicaria and Cakile maritima. While primary dune plants 
are dominated by early colonisers, this habitat is in good condition and covers 
approximately 2.5 percent of the study area, or 4.4 hectares. 

• T4V: Open low mangrove woodland in the intertidal area (Avicennia marina) with a poor 
(typical for a mangal) understorey except where the woodland is prograding across the 
neighbouring low chenopod shrubbery. This habitat is in good condition and covers 
approximately 0.9 percent of the study area, or 1.6 hectares. 

• Y4L: Isolated clumps of tall mallee shrub or other tall shrubs, usually Eucalyptus 
gracilis, Eucalyptus calcareana or Melaleuca spp. This habitat covers approximately 2 
percent of the study area, or 3.6 hectares. 

 

EMS-CED-001-PC/FC  Page 52  



Delta  Ceduna Marina Biodiversity Survey 

The vegetation association map also displays about 43 hectares of bare earth (either in the pan 
sections of the stranded saltmarsh or denuded areas of sand in the dunes and ridges), and 
some small patches of intertidal reef. 
 
A review of historic aerial photography suggests that only the northern extremity and south 
eastern extremity of the site have been cleared. The remainder of the site has been grazed to 
varying extents.  
 
Many of the shrubs along the western edge of the coastal strip north of the existing service 
station have been in existence for at least fifty years. The large dune itself has become 
steadily more vegetated over that time, but at least one large mallee is still in evidence today 
that predates the earliest photograph. 
 
The long sloping hill at the south-eastern corner of the study area was cleared prior to 1950, 
and has been mined for sand or gravel. This block has excellent quantities of Danthonia 
setacea and several types of Austrostipa still existing between a heavy infestation of noxious 
and other weeds. 
 
While much of the north-western block has been cleared, the southern portion of the northern 
block contains many large shrubs and mallees that can be identified in the 1968 photograph.  
 
The coastal strip shows the gradual expansion of mangrove trees. The oldest mangroves are 
still in evidence in the earlier photographs, but the woodland is now both denser and more 
extensive than it was 36 years ago, as it is prograding across the intertidal saltmarsh. 
 
The small dune east of the highway, just north of the border checking station has seen 
considerable growth of native vegetation in the denuded patch, however there are some older 
shrubs that are in evidence in early photographs – particularly towards the north of the dune 
and along its eastern boundary.  
 
Dense Sclerostegia arbuscula mark the drainage channels through the stranded salt marsh. 
Although these shrubs do not attain great stature, they are a long lived species, making it quite 
possible that the individual shrubs present today have survived the changed conditions since 
the highway cut off tidal flushing. 
 
The trees currently growing along the road reserve on the north-western boundary of the north 
eastern block are only just in evidence in the 1968 photograph, however the band of tall 
shrubs and low mallees located along the southerly base of the slope were already mature. 
The effects of off-road vehicles and mining are clearly visible in the centre of the more recent 
photograph. This impact is limited in area, with the dunes along the eastern boundary of the 
block being in good condition. Many of the larger shrubs on these dunes are visible in the 
early photograph. 

 

9.2 Area of impact for vegetation 
Calculate the relative area of each terrestrial and intertidal vegetation community type that 
may be lost, including a description of the condition and/or health of the vegetation. The 
layout plan of the current proposed development would be laid over this vegetation map to 
support this information. 
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The direct impact area of the proposed development, shown below, covers 81% of the site, 
with no area of the study site being more than 200m from the direct impact site. Those 
habitats occurring inside the outline are likely to be extirpated completely by residential 
development or the development of waterways. Those habitats occurring outside the outline 
may not be immediately impacted, but may be ultimately impacted by weed incursion 
(terrestrial habitats) or by hydrological/sedimentary process change (intertidal and supratidal 
habitats). 
 

 
Figure 27 – Vegetation impact area 

 

9.3 Flora that may trigger legislative response 
Discuss any known flora species that occur in the area that may trigger the EPBC Act or 
state legislation. 
 

Two species discovered to be present on the study site during this survey, Ixiolaena  pluriseta 
and Kippistia suaedifolia, have conservation ratings.  
 
Ixiolaena pluriseta (a plover daisy) has a rating of Rare for the State, and a status of 
Unknown for the Eyre Peninsula. According to Jessop and Toelken (1986) this species has 
only been collected from Smoky Bay to Fowler Bay, on the Nuyts Archipelago and one 
specimen from Nullabor Homestead. The plant is found principally on the calcareous sands of 
low coastal cliffs and the adjacent dunes. The specimens found in this survey were recorded 
in sampling quadrat 1, on sands overlying a low rocky clifftop.
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Kippistia suaedifolia (fleshy miniura) has a rating of Rare for the Eyre Peninsula. It prefers to 
grow on sandhills, claypans, limestone and gypsum, and was recorded during this survey in 
quadrat 20, on the crest of the sandpit and within the pit itself. 
 
Previous surveys (EMS, 2004) reported several other species with conservation significance 
or interest. Maireana aphylla, with conservation interest due to its status of Uncommon on 
the Eyre Peninsula, was not recorded during this survey, although seven other species of 
Maireana were found. The EMS survey noted that these plants were mainly located in the 
golf course roughs, and this more recent survey did not visit the golf course. 
 
Trailing hemichroa (Hemichroa pentandra) with a rating of Rare for the Eyre Peninsula was 
not recorded in this survey, although its close relative Hemichroa diandra was a co-dominant 
in many of the quadrats surveyed. The EMS survey noted that the plants were not flowering 
during their survey. As the two species can be separated most reliably by examining the 
anthers of the flowers, it is possible that the earlier records were an estimate of the species, 
rather than a determination. 

 

9.4 Fauna that may trigger legislative response 
Discuss any known fauna species that occur in the area that may trigger the EPBC Act or 
state legislation, and complete appropriate fauna assessments to fill in knowledge gaps to 
allow a detailed assessment. 
  

Murat Bay is recognised by Birds Australia as a significant wading bird site, and they have 
conducted wader counts there in 1984 and 2000. The results of those counts is presented in 
the table following, and includes 15 species of conservation significance ranging from 
regional to national interest. Additionally the table records that Murat Bay is considered a 
significant site (either nationally or internationally) for several species – the Ruddy turnstone, 
Sooty oystercatcher and Grey plover.  
 
Common Name Species name Murat Bay 

Wader Count 
(2000) 

Murat Bay 
species of 

significance 
identified during 

Wader Count 
(1984) 

Conservation Interest 

Bar-tailed Godwit  Limosa limosa 26  EPBC Act 
Eastern Curlew  Numenius madagascariensis 1  Vulnerable (SA NP&WS) 

EPBC Act, Vulnerable EP 
Common 
Greenshank  

Tringa nebularia 46  EPBC Act 

Common Sandpiper  Actitis hypoleucos 3  EPBC Act 
Grey-tailed Tattler  Heteroscelis brevipes 6  EPBC Act 
Ruddy Turnstone  Arenaria interpres 56 171 Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red Knot  Calidris canutus 38  EPBC Act 
Red-necked Stint  Calidris ruficollis 913  EPBC Act 
Sharp-tailed 
Sandpiper  

Calidris acuminata 271  EPBC Act 

Curlew Sandpiper  Calidris ferruginea 144  EPBC Act 
Pied Oystercatcher  Haematopus longirostris 29  
Sooty Oystercatcher  Haematopus fuliginosus 107 163 Site of international 

importance according to 
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National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Grey Plover  Pluvialis squatarola 81 123 Site of national importance 
according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red-capped Plover  Charadrius ruficapillus 79  EPBC Act 
Banded Lapwing  Vanellus ticolor 238  EPBC Act 
Masked Lapwing  Vanellus miles 6  EPBC Act 

Table 17 - Birds Australia wader counts, Murat Bay 

Waders harvest food from the tidal flats. Each bird species has a particular preference – those 
with heavy beaks, such as Oystercatchers, can split open bivalve shells and would use the 
mussel top reefs as their major food source. Others, with more slender beaks, probe the sand 
flats for polychaete worms, sipunculids or small crustaceans. Those with longer beaks are 
able to obtain organisms that move deep within the sand, while the shorter beaked birds are 
restricted to those organisms that live close to the surface. These specific ecological 
preferences mean that the impacts of any development will vary, depending on the species 
involved. 
 
While on site, Delta staff recorded two other non-wading species that are listed under the 
EPBC Act – the Black kite and the Nankeen kestrel. 
 
Possible impacts on wading birds could include: 

− the construction of a boating channel and groynes may alter the flushing and draining 
patterns of the sand flats, resulting in some areas becoming better drained (near the deep 
channel) and therefore firmer, while other areas may drain less well (the newly formed 
‘pockets’ where the groynes meet the beach) and therefore may become hypoxic. The 
texture of the sand flats is quite likely a determining factor in which species of 
invertebrates inhabit the benthos. This has implications on the availability of appropriate 
food sources for migratory waders, 

− the increased usage of the sand flats as boats enter and leave the marina may disturb the 
more sensitive species of birds, and 

− the Sclerostegia arbuscula chenopod shrubland present in the stranded dissected salt 
marsh currently provides habitat for many small birds such as Thornbills and Chats, and 
these birds do not utilise deep waterways as habitat. 

 
No other species of fauna that have legislated environmental significance were recorded on 
the site during the site visit. 
 

9.5 Baseline intertidal flora and fauna data 
Establish a good baseline level of data related to intertidal flora and fauna, using a 
repeatable methodology that will allow identification of impacts post-development. Plants 
and animals growing or living in the intertidal zone should be collected and identified to 
species level if possible. All methodologies should be documented so that the surveys could 
be replicated by other organizations if required.  
 

A survey of intertidal flora and fauna was conducted on the site, incorporating observations, 
surface quadrats and benthic cores. The methodology and data from these surveys in included 
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in the body of this report, in Section 6 – Intertidal flora and fauna. Summary lists have also 
been prepared, showing the species of flora and fauna recorded, and their ecological 
preferences. 
 
Impacts to the intertidal zone may result from developments that alter the geomorphic and 
hydrological aspects of the bay: 

− the construction of a boating channel may alter the flushing and draining patterns of the 
sand flats, resulting in some areas becoming better drained (near the deep channel) and 
therefore firmer, drier and better oxygenated. The texture of the sand flats is quite likely a 
determining factor in which species of invertebrates inhabit the benthos, so this type of 
habitat change could be reflected by a change in the species of invertebrates occupying the 
benthos. 

− where groynes meet the beach the newly formed ‘pockets’ may drain less well, and may 
accumulate seaweed and seagrass wrack. This could result in the sediments becoming 
softer, organically enriched and more hypoxic. If accumulation is minor, the benthos may 
become dominated by species that can tolerate such conditions. If accumulation is major, 
the rotting organics could produce hydrogen sulfide gases. This has ecological effects, as 
H2S can cause the death of benthic organisms, and aesthetic/health effects on air quality. 

 

9.6 Birds risk to airports 
Assess any risk that large birds attracted to the site may pose to the nearby airport, 
including an assessment of current bird usage of the site. 

 
Open flat areas may provide roosting areas for gulls. Gulls are a particular problem as they 
are scavengers, and will move to new developments to scavenge from parks, bins, the outside 
of food processing plants and shopping centres. Gulls tend to be attracted to fishing vessels, 
and may be attracted to the marina if it is developed as a commercial fishing centre. Besides 
being attracted to the development itself, gulls may be attracted to the local support 
infrastructure. At Ceduna the rubbish tip is located between the proposed development and 
the airport, and increased numbers of houses and businesses will result in increased usage of 
the tip. Unless the expansion of the tip is managed carefully, larger exposures of waste may 
occur, and these may attract gulls. 
 
Expansion of the WWTP may result in a larger area of fresh water lagoons being available for 
ducks, ibis and egrets. 
 
Galahs may be attracted to open parks and gardens if the grasses include weed species such as 
guildford grasses (Romulea spp.) and Erodium sp. (crane’s and stork’s bills). They also prefer 
areas where cover is kept less than 15 cm tall. 
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11. Appendices 

Appendix I  – Vegetation associations 
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Appendix II – Collection permit 
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PERMIT CONDITIONS
The permit is issued subject to the following conditions

1. The permit does not authorise the collection of specimens from private property without the written consent of the landowner granted not
more than six months beforehand.

2. The Ranger-in-Charge of parks listed in the permit shall be notified beforehand of the exact dates on which research will be undertaken
within approved reserves. Details of any vehicles to be used in field work should also be provided.  If, for some reason, dates are changed,
the Ranger-in-Charge must be advised accordingly. For research in remote areas, the Ranger-in-Charge must be notified at least 14 days
in advance of visiting the area.

3. Upon arrival in a reserve attended by a resident Ranger, the permit shall be shown to the Ranger before research is undertaken.
4. Samples collected shall be limited in size and taken where they will cause the least disfigurement or disturbance.
5. The number of specimens of any one species which may be taken is limited to

 

the number specified in the permit, or where the number is
not stated to the minimum required for the approved scientific research.

6. You as the permit holder are responsible for the actions of other persons who may undertake this research or collect spe cimens on your
behalf.

7. Specimens collected shall not be exported from this State without the consent of the Director, National Parks and Wildlife.
8. Specimens or the progeny and carcasses of animals taken under the permit may not be sold or transferred

 

without the written consent of
the Director, National Parks and Wildlife and all such specimens shall be disposed of in the manner specified in this permit at the
termination of the permit or a time specified by the Director.

9. Upon completion of the research, all equipment shall be removed from the reserve, unless specific approval to the contrary has been
obtained.

10. Within 14 days of the expiration of the permit, the Director, National Parks and Wildlife must be given a full report (marked ‘Attention :
Research Permit Section”), including all collection data, on the research carried out under the permit.  Numbers and locations of all
specimens collected must be supplied, together with a progress report if the project is not complete.

11. If an account of the research is published, or information circulated, a copy of the account or information shall be lodged with the Research
Permit Section, within 28 days of its publication or circulation.

12. Any permits involving research on vertebrates will require the approval of an official South Australian Animal Experimentation Ethics
Committee as a condition of this permit.

13. When planning and conducting your research, please be aware that your work may intrude on locations or involve species with cultural
significance to local Aboriginal communities.  As part of your project planning it would be a courtesy, and in some cases a requirement, to
consult with local Aboriginal representatives to determine any potential impacts and the means of avoiding or limiting them.

14. This permit will cease to have effect upon a determination that native title exists in any of the lands or waters covered by this permit to the
extent that such determination affects those lands or waters.

Z24911 1

Department for Environment and Heritage
Science and Conservation Directorate
Research Permits Section
GPO Box 1047, Adelaide  5001  SA
1 Richmond Road, Keswick  5035  SA  (Telephone 08  8124 4700   Fax 08 8124 4719)

YOU MUST CONTACT THE APPROPRIATE REGIONAL STAFF MEMBER BEFORE CONDUCTING FIELD WORK
PLEASE CARRY THIS PERMIT WHEN CONDUCTING RESEARCH

The SA Department for Environment and Heritage encourages scientific research both within the State’s system of conservation reserves and on our protected native
plants and animals. It is only through increased scientific understanding that we can develop a soundly based system of conservation management for the State.

In carrying out such research projects, you should be conscious that you are manipulating a part of Australia’s natural heritage and this carries certain responsibilities.
Some of the more obvious responsibilities are outlined under the standard conditions listed below. In addition the Department requires you to always conduct your
research project in such a way as to have the smallest possible impact on the natural environment.

The Department for Environment and Heritage trust that this research project will be successful and looks forward to receiving a report of the results in due course.

Permit to Undertake Scientific Research

PERMIT NO

........................................................                  ....................................................................
Signature of Permit Holder               John Hill, MP

MINISTER FOR ENVIRONMENT AND CONSERVATION

Permit  
Holder

21/10/2004 30/11/2004This permit is valid from to unless cancelled or revoked.

Title Ceduna Keys Marina flora survey
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Please contact these offices when using this Permit:

Notes:

Additional Condtions:

 GENERAL FLORA SURVEYS
Plant specimens are to be collected when validating a field identification, when a field identification cannot be reliably made, or if the 
specimen constitutes a new park species record, a significant range extension or an unusual form. 

Advice on species likely to fall within these criteria, and recommended number of specimens is to be obtained from the appropriate specialist 
(eg from the Biodiversity Survey and Monitoring Section, Department for Environment and Heritage or the Plant Biodiversity Centre (State 
Herbarium). If such advice is not available then the specimen should be the minimum required to authenticate the record,  ie one 
representative plant voucher specimen (representative is taken to mean a sample that includes foliage, flowers, fruits etc of sufficient quantity 
to meet State Herbarium standards).

In any case no more than ten percent of the visible local population (within an area of continuous habitat) is to be collected.

Collections of plant species classified as endangered, vulnerable or rare under the National Parks and Wildlife Act (SA) 1972, are to be kept 
to the minimum required to authenticate the record. Collection of additional material from these species must be anticipated prior to collection 
and specific approval sought.

MINIMUM DATASET
Researchers must collect at least a minimum set of data when carrying out biological studies under a Scientific Permit. The NPWSA 
Biodiversity Survey and Monitoring Group (BSM) has prepared guidelines, 'Scientific Permit Minimum Dataset', to ensure that the information 
collected is accurate, comprehensive and has relevance beyond the confines of the project for which it may have been originally intended.

Unless the recommended minimum dataset is collected, the information may be useless and  is unlikely to be acceptable for addition into 
recognised, statewide, environmental databases (eg :  DEH Environmental databases of SA (ESDA), South Australian Museum or Plant 
Biodiversity Centre).  It is the responsibility of all researchers to maximise the use of the information they collect.  This is especially important 
where studies involve the handling of and interaction with animals, and the collection of plant and animal specimens.

NSXCODE:

SPECIMEN: All plant species encountered: representative voucher specimens.

NUMBERSIZE: Minimum required.

LOCALITY: Ceduna Keys Marina area.

Disposition:

Vouchers will be lodged with the State Herbarium and with the client.

Affiliates

Faith Cook, Renae Eden, Jennifer Larter, all of Delta Environmental Consulting, 12 Beach Road, St Kilda SA 5110.

Specimen:

Far West 11 McKenzie St CEDUNA (08) 8625 3144
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Appendix III – Flora voucher specimens 
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Ceduna field data Permit: Z24911 1 Delta code: PSC_EMS_11/04
Datum: Aust Geod 84 GPS Zone: 53H GPS accuracy 4m

Location 
number Voucher prefix

Voucher 
number

Date 
collected Collector Easting Northing Family Species Common name Exotic Conservation status

1 PSC_EMS_11/04 1 24/11/2004 COOF/COLP 373559 6446895 Pittosporaceae Pittosporum phylliraeoides Native apricot
PSC_EMS_11/04 2 24/11/2004 COOF/COLP 373559 6446895 Rutaceae Geijera linearifolia Sheepbush, oil bush or wilga
PSC_EMS_11/04 3 24/11/2004 COOF/COLP 373559 6446895 Gramineae Austrostipa flavescens A spear-grass
PSC_EMS_11/04 4 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Carpobrotus rossii Karkalla or Ross' noonflower
PSC_EMS_11/04 5 24/11/2004 COOF/COLP 373559 6446895 Myrtaceae Melaleuca lanceolata Moonah
PSC_EMS_11/04 6 24/11/2004 COOF/COLP 373559 6446895 Liliaceae Dianella brevicaulis Short fruited black anther flax- lily
PSC_EMS_11/04 7 24/11/2004 COOF/COLP 373559 6446895 Epacridaceae Acrotriche patula Shiny ground berry
PSC_EMS_11/04 8 24/11/2004 COOF/COLP 373559 6446895 Primulaceae Anagallis arvensis Blue flowered pimpernel *
PSC_EMS_11/04 9 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex vesicaria Bladder saltbush
PSC_EMS_11/04 10 24/11/2004 COOF/COLP 373559 6446895 Labiatae Westringia rigida Stiff westringia
PSC_EMS_11/04 11 24/11/2004 COOF/COLP 373559 6446895 Iridaceae Gynandriris setifolia Thread Iris *
PSC_EMS_11/04 12 24/11/2004 COOF/COLP 373559 6446895 Cruciferae Brassica tournefortii Long fruited wild turnip *
PSC_EMS_11/04 13 24/11/2004 COOF/COLP 373559 6446895 Caryophyllaceae Silene nocturna Mediterranean catchfly *
PSC_EMS_11/04 14 24/11/2004 COOF/COLP 373559 6446895 Gramineae Danthonia setacea var setacea Bristly, or small flowered, or mulga wallaby grass
PSC_EMS_11/04 15 24/11/2004 COOF/COLP 373559 6446895 Zygophyllaceae Nitraria billardierei Dillon berry or nitre bush
PSC_EMS_11/04 16 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Enchylaena tomentosa Ruby saltbush
PSC_EMS_11/04 17 24/11/2004 COOF/COLP 373559 6446895 Compositae Reichardia tingitana False sow thistle *
PSC_EMS_11/04 18 24/11/2004 COOF/COLP 373559 6446895 Compositae Centaurea melitensis Maltese cockspur *
PSC_EMS_11/04 19 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Threlkeldia diffusa Coast bone fruit
PSC_EMS_11/04 20 24/11/2004 COOF/COLP 373559 6446895 Gramineae Tribolium acutiflora Desmazeria *
PSC_EMS_11/04 21 24/11/2004 COOF/COLP 373559 6446895 Gramineae Festuca littoralis Coastal fescue
PSC_EMS_11/04 22 24/11/2004 COOF/COLP 373559 6446895 Compositae Olearia exiguifolia Small-leaved daisy-bush
PSC_EMS_11/04 23 24/11/2004 COOF/COLP 373559 6446895 Zygophyllaceae Zygophyllum billardierei Coast twinleaf
PSC_EMS_11/04 24 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Tetragonia implexicoma Bower spinach
PSC_EMS_11/04 25 24/11/2004 COOF/COLP 373559 6446895 Compositae Ixiolaena pluriseta A plover daisy Rare in SA, Unknown for EP
PSC_EMS_11/04 26 24/11/2004 COOF/COLP 373559 6446895 Compositae Cratystylis conocephala Bluebush daisy
PSC_EMS_11/04 27 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex vesicaria var variablis Bladder saltbush
PSC_EMS_11/04 28 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex cinerea Coast saltbush
PSC_EMS_11/04 29 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Sarcocornia quinqueflora Bearded glasswort
PSC_EMS_11/04 30 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Suaeda australis Austral sea-blite
PSC_EMS_11/04 31 24/11/2004 COOF/COLP 373559 6446895 Liliaceae Dianella revoluta Black anther flax lily
PSC_EMS_11/04 32 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Sclerostegia arbuscula Shrubby samphire
PSC_EMS_11/04 33 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Mesembryanthum crystallinum Common iceplant *
PSC_EMS_11/04 34 24/11/2004 COOF/COLP 373559 6446895 Compositae Olearia axillaris Coast daisy bush
PSC_EMS_11/04 35 24/11/2004 COOF/COLP 373559 6446895 Santalaceae Exocarpos aphyllus Leafless cherry
PSC_EMS_11/04 36 24/11/2004 COOF/COLP 373559 6446895 Myrtaceae Eucalyptus calcareana Nundroo mallee
PSC_EMS_11/04 37 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Rhagodia candolleana Seaberry saltbush

2 PSC_EMS_11/04 38 24/11/2004 COOF/COLP 373545 6446976 Compositae Angianthus tomentosus Hairy cup flower
PSC_EMS_11/04 39 24/11/2004 COOF/COLP 373545 6446976 Frankeniaceae Frankenia pauciflora Sea heath

3 PSC_EMS_11/04 40 24/11/2004 COOF/COLP 373642 6446967 Amaranthaceae Hemichroa diandra Mallee hemichroa
PSC_EMS_11/04 41 24/11/2004 COOF/COLP 373642 6446967 Chenopodiaceae Sclerostegia arbuscula Shrubby samphire
PSC_EMS_11/04 42 24/11/2004 COOF/COLP 373642 6446967 Avicenniaceae Avicennia marina Grey mangrove
PSC_EMS_11/04 43 24/11/2004 COOF/COLP 373642 6446967 Chenopodiaceae Sclerolaena uniflora Bassia
PSC_EMS_11/04 44 24/11/2004 COOF/COLP 373642 6446967 Compositae Senecio lautus Variable groundsel
PSC_EMS_11/04 45 24/11/2004 COOF/COLP 373642 6446967 Umbelliferae Bupleurum semicompositum Bupleurum *

4 PSC_EMS_11/04 46 24/11/2004 COOF/COLP 373685 6447023 Chenopodiaceae Atriplex vesicaria (male specimen) Bladder saltbush
PSC_EMS_11/04 47 24/11/2004 COOF/COLP 373685 6447023 Leguminosae Acacia anceps Port Lincoln wattle
PSC_EMS_11/04 48 24/11/2004 COOF/COLP 373685 6447023 Crassulaceae Crassula sieberana var tetramera Austral stonecrop
PSC_EMS_11/04 49 24/11/2004 COOF/COLP 373685 6447023 Aizoaceae Disphyma crassifolium Round leaf pigface

5 PSC_EMS_11/04 50 24/11/2004 COOF/COLP 373966 6447103 Limoniaceae Limonium sinuatum Notch leaved perennial sea lavender *
PSC_EMS_11/04 51 24/11/2004 COOF/COLP 373966 6447103 Chenopodiaceae Maireana oppositifolia Heathy bluebush

6 PSC_EMS_11/04 52 24/11/2004 COOF/COLP 374218 6447023 Cruciferae Cakile maritima Sea rocket *
PSC_EMS_11/04 53 24/11/2004 COOF/COLP 374218 6447023 Gramineae Avena barbata Bearded oat *
PSC_EMS_11/04 54 24/11/2004 COOF/COLP 374218 6447023 Solanaceae Lycium ferocissimum African boxthorn *
PSC_EMS_11/04 55 24/11/2004 COOF/COLP 374218 6447023 Chenopodiaceae Salsola kali Buckbush rolypoly *

7 PSC_EMS_11/04 56 24/11/2004 COOF/COLP 374479 6446876 Cruciferae Diplotaxis tenuifolia Lincoln weed *
PSC_EMS_11/04 57 24/11/2004 COOF/COLP 374479 6446876 Chenopodiaceae Maireana brevifolia Small-leaved bluebush
PSC_EMS_11/04 58 24/11/2004 COOF/COLP 374479 6446876 Liliaceae Asphodelus fistulosus Onion weed *
PSC_EMS_11/04 59 24/11/2004 COOF/COLP 374479 6446876 Cruciferae Carrichtera annua Ward's weed or duck-bill burr *

8 PSC_EMS_11/04 60 24/11/2004 COOF/COLP 374642 6446093 Gramineae Parafolis incurva Curly rye *
PSC_EMS_11/04 61 24/11/2004 COOF/COLP 374642 6446093 Leguminosae Templetonia retusa Cockie's tongue
PSC_EMS_11/04 62 24/11/2004 COOF/COLP 374642 6446093 Gramineae Lolium perenne Perennial ryegrass *
PSC_EMS_11/04 63 24/11/2004 COOF/COLP 374642 6446093 Gramineae Cynodon dactylon Couch grass
PSC_EMS_11/04 64 24/11/2004 COOF/COLP 374642 6446093 Compositae Gazania linearis Gazania *
PSC_EMS_11/04 65 24/11/2004 COOF/COLP 374642 6446093 Myoporaceae Myoporum insulare Boobialla
PSC_EMS_11/04 66 24/11/2004 COOF/COLP 374642 6446093 Leguminosae Medicago polymorpha Burr medic *
PSC_EMS_11/04 67 24/11/2004 COOF/COLP 374642 6446093 Gramineae Bromus catharticus Prairie grass *
PSC_EMS_11/04 68 24/11/2004 COOF/COLP 374642 6446093 Umbelliferae Foeniculum vulgare Fennel *
PSC_EMS_11/04 69 24/11/2004 COOF/COLP 374642 6446093 Compositae Helianthus annuus Common sunflower *
PSC_EMS_11/04 70 24/11/2004 COOF/COLP 374642 6446093 Agavaceae Agave americana Century plant *
PSC_EMS_11/04 71 24/11/2004 COOF/COLP 374642 6446093 Euphorbiaceae Euphorbia terracina Carnation weed, false caper *
PSC_EMS_11/04 72 24/11/2004 COOF/COLP 374642 6446093 Aizoaceae Galenia secunda Blanket weed *

9 PSC_EMS_11/04 73 24/11/2004 COOF/COLP 374634 644389 Gramineae Bromus rigidus Rigid brome *
PSC_EMS_11/04 74 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 75 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 76 24/11/2004 COOF/COLP 374634 644389 Compositae Hedypnois rhagadioloides Cretan weed *
PSC_EMS_11/04 77 24/11/2004 COOF/COLP 374634 644389 Compositae Arctotheca calendula Cape weed *
PSC_EMS_11/04 78 24/11/2004 COOF/COLP 374634 644389 Limoniaceae Limonium companyonis Sea lavender *

10 PSC_EMS_11/04 79 24/11/2004 COOF/COLP 374634 644389 Gramineae Polypogon monspeliensis Annual beard-grass *
PSC_EMS_11/04 80 24/11/2004 COOF/COLP 374634 644389 Gramineae Critesion murinum Barley grass *
PSC_EMS_11/04 81 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Maireana erioclada Rosy bluebush
PSC_EMS_11/04 82 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Sclerolaena brevifolia poss. hybrid with S. obA copperburr or bindyii
PSC_EMS_11/04 83 24/11/2004 COOF/COLP 374634 644389 Labiatae Marrubium vulgare Horehound *
PSC_EMS_11/04 84 24/11/2004 COOF/COLP 374634 644389 Compositae Vittadinia cervicularis Fuzzweed
PSC_EMS_11/04 85 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Maireana appressa/radiata A cotton bush with no fruit
PSC_EMS_11/04 86 24/11/2004 COOF/COLP 374634 644389 Gramineae Austrostipa eremophila Desert spear-grass
PSC_EMS_11/04 87 24/11/2004 COOF/COLP 374634 644389 Compositae Sonchus oleraceus Common sow thistle *
PSC_EMS_11/04 88 24/11/2004 COOF/COLP 374634 644389 Aizoaceae Mesembryanthemum nodosum Slender iceplant *
PSC_EMS_11/04 89 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia halocnemoides Grey samphire
PSC_EMS_11/04 90 24/11/2004 COOF/COLP 374634 644389 Aizoaceae Galenia secunda Blanket weed *
PSC_EMS_11/04 91 24/11/2004 COOF/COLP 374634 644389 Leguminosae Acacia cyclops Western coastal wattle
PSC_EMS_11/04 92 24/11/2004 COOF/COLP 374634 644389 Sapindaceae Dodonaea stenozyga Desert hopbush
PSC_EMS_11/04 93 24/11/2004 COOF/COLP 374634 644389 Boraginaceae Heliotropium europaeum Potato weed *

11 PSC_EMS_11/04 94 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pergranulata var pergranulata Black seed samphire
PSC_EMS_11/04 95 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 96 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pruinosa Waxy glasswort

12 PSC_EMS_11/04 97 24/11/2004 COOF/COLP 374767 6446445 Caryophyllaceae Spergularia marina Salt sand-spurry *
13 PSC_EMS_11/04 98 24/11/2004 COOF/COLP 375003 6446651 Frankeniaceae Frankenia sessilis Small leaved sea heath
14 PSC_EMS_11/04 99 24/11/2004 COOF/COLP 375058 6446671 Frankeniaceae Frankenia sessilis Small leaved sea heath
15 PSC_EMS_11/04 100 24/11/2004 COOF/COLP 375154 6446626 Chenopodiaceae Halosarcia halocnemoides Grey samphire
16 PSC_EMS_11/04 101 24/11/2004 COOF/COLP 375272 6446858 Chenopodiaceae Sclerolaena uniflora Bassia



PSC_EMS_11/04 102 24/11/2004 COOF/COLP 375272 6446858 Solanaceae Lycium australe Australian boxthorn
17 PSC_EMS_11/04 103 24/11/2004 COOF/COLP 375266 6446935 Goodeniaceae Scaevola spinescens Spiny fanflower
18 PSC_EMS_11/04 104 24/11/2004 COOF/COLP 374963 6446834 Myoporaceae Eremophila glabra Tar bush

PSC_EMS_11/04 105 24/11/2004 COOF/COLP 374963 6446834 Compositae Vittadinia cuneata Fuzzweed
PSC_EMS_11/04 106 24/11/2004 COOF/COLP 374963 6446834 Caryophyllaceae Silene gallica French catchfly *
PSC_EMS_11/04 107 24/11/2004 COOF/COLP 374963 6446834 Iridaceae Romulea minutiflora Guildford grass *

19 PSC_EMS_11/04 108 25/11/2004 COOF/COLP 375228 644637O Amaranthaceae Ptilotus obovatus var obovatus Silver mulla mulla
PSC_EMS_11/04 109 25/11/2004 COOF/COLP 375228 644637O Chenopodiaceae Atriplex paludosa ssp. cordata Marsh saltbush
PSC_EMS_11/04 110 25/11/2004 COOF/COLP 375228 644637O Chenopodiaceae Maireana scleroptera A maireana

20 PSC_EMS_11/04 111 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Maireana trichoptera A bluebush
PSC_EMS_11/04 112 25/11/2004 COOF/COLP 375240 6446324 Compositae Kippistia suaedifolia Kippistia Rare in EP
PSC_EMS_11/04 113 25/11/2004 COOF/COLP 375240 6446324 Primulaceae Anagallis arvensis Scarlet pimpernel *
PSC_EMS_11/04 114 25/11/2004 COOF/COLP 375240 6446324 Labiatae Westringia rigida Stiff westringia
PSC_EMS_11/04 115 25/11/2004 COOF/COLP 375240 6446324 Leguminosae Acacia cyclops Western coastal wattle
PSC_EMS_11/04 116 25/11/2004 COOF/COLP 375240 6446324 Compositae Conyza bonariensis Flaxleaf fleabane *
PSC_EMS_11/04 117 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Beta vulgaris Beet *
PSC_EMS_11/04 118 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Atriplex acutibractea A saltbush
PSC_EMS_11/04 119 25/11/2004 COOF/COLP 375240 6446324 Myrtaceae Eucalyptus stoatei Scarlet pear gum
PSC_EMS_11/04 120 25/11/2004 COOF/COLP 375240 6446324 Gentianaceae Centaurium tenuiflorum A centaury
PSC_EMS_11/04 121 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Maireana erioclada/pentatropis A maireana with no fruit

21 PSC_EMS_11/04 122 25/11/2004 COOF/COLP 325401 64466592 Casuarinaceae Allocasuarina verticillata Drooping sheoak
PSC_EMS_11/04 123 25/11/2004 COOF/COLP 325401 64466592 Gramineae Austrostipa drummondii Cottony speargrass
PSC_EMS_11/04 124 25/11/2004 COOF/COLP 325401 64466592 Zygophyllaceae Zygophyllum aurantiacum Shrubby twinleaf

22 PSC_EMS_11/04 125 25/11/2004 COOF/COLP 374602 6447509 Gramineae Austrostipa drummondii Cottony speargrass
PSC_EMS_11/04 126 25/11/2004 COOF/COLP 374602 6447509 Myoporaceae Eremophila weldii Purple emubush
PSC_EMS_11/04 127 25/11/2004 COOF/COLP 374602 6447509 Myrtaceae Melaleuca pauperiflora Boree
PSC_EMS_11/04 128 25/11/2004 COOF/COLP 374602 6447509 Myrtaceae Eucalyptus gracilis White mallee
PSC_EMS_11/04 129 25/11/2004 COOF/COLP 374602 6447509 Rutaceae Geijera linearifolia Sheepbush, oilbush or wilga
PSC_EMS_11/04 130 25/11/2004 COOF/COLP 374602 6447509 Compositae Vittadinia eremaea A vittadinia

23 PSC_EMS_11/04 131 25/11/2004 COOF/COLP 374878 6447304 Liliaceae Thysanotus baueri Mallee fringe lily
24 PSC_EMS_11/04 132 25/11/2004 COOF/COLP 374855 6447267 Chenopodiaceae Sclerostegia arbuscula Shrubby glasswort

PSC_EMS_11/04 133 25/11/2004 COOF/COLP 374855 6447267 Malvaceae Lawrencia squamata Thorny lawrencia
25 PSC_EMS_11/04 134 25/11/2004 COOF/COLP 374786 6447134 Gramineae Austrostipa elegantissima Feather speargrass
26 PSC_EMS_11/04 135 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Maireana erioclada Rosy bluebush

PSC_EMS_11/04 136 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 137 25/11/2004 COOF/COLP 374683 6447082 Leguminosae Senna artemesiodes Desert cassia
PSC_EMS_11/04 138 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Rhagodia crassifolia Fleshy saltbush

27 PSC_EMS_11/04 139 25/11/2004 COOF/COLP 374080 6447244 Leguminosae Acacia hakeoides Hakea wattle
PSC_EMS_11/04 140 25/11/2004 COOF/COLP 374080 6447244 Santalaceae Santalum acuminatum Quandong
PSC_EMS_11/04 141 25/11/2004 COOF/COLP 374080 6447244 Myoporaceae Myoporum brevipes Warty myoporum

28 PSC_EMS_11/04 142 25/11/2004 COOF/COLP 374178 6447205 Liliaceae Lomandra collina Fibrous mat-rush
PSC_EMS_11/04 143 25/11/2004 COOF/COLP 374178 6447205 Myoporaceae Myoporum insulare Boobialla, native juniper

29 PSC_EMS_11/04 144 25/11/2004 COOF/COLP 374266 6447177 Chenopodiaceae Sclerostegia arbuscula Shrubby glasswort
30 PSC_EMS_11/04 145 25/11/2004 COOF/COLP 374358 6447092 Aizoaceae Mesembryanthemum aitonis Angled iceplant *

PSC_EMS_11/04 146 25/11/2004 COOF/COLP 374358 6447092 Solanaceae Solanum hystrix Afghan thistle
31 PSC_EMS_11/04 147 25/11/2004 COOF/COLP 374520 6447551 Myrtaceae Eucalyptus calcareana Nundroo mallee
32 PSC_EMS_11/04 148 25/11/2004 COOF/COLP 374367 6447350 Myrtaceae Eucalyptus gracilis White mallee
33 PSC_EMS_11/04 149 25/11/2004 COOF/COLP 373964 6447157 Myrtaceae Eucalyptus calcareana Nundroo mallee

PSC_EMS_11/04 150 25/11/2004 COOF/COLP 373964 6447157 Loranthaceae Amyema melaleucae A mistletoe
34 PSC_EMS_11/04 151 25/11/2004 COOF/COLP 373657 6447082 Proteaceae Hakea rugosa Dwarf hakea
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Falco cenchroides
M

ost land surface types except closed forest. 
S

m
all nest of sticks in tree, on cliffs or in haystacks. 

E
P

B
C

 A
ct

Turnicidae
Little B

utton-quail 
Turnix velox

D
ry to arid w

oodlands, grasslands. 
O

ctober to January. S
hallow

 ground scrape lined 
w

ith grass. 
U

nprotected

S
colopacidae

B
ar-tailed G

odw
it 

Lim
osa lim

osa
Tidal flats, occasionally inland. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

26
E

P
B

C
 A

ct

S
colopacidae

W
him

brel 
N

um
enius phaeopus

E
stuaries, m

udflats, m
angroves, sandspits, occasionally inland.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

E
P

B
C

 A
ct

S
colopacidae

E
astern C

urlew
 

N
um

enius m
adagascariensis

E
stuaries, m

udflats, m
angroves, sandspits.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

1
V

ulnerable (S
A

 N
P

&
W

S
) E

P
B

C
 A

ct, V
ulnerable 

E
P

S
colopacidae

M
arsh S

andpiper 
Tringa stagnatilis

C
oastal, inland lakes, prefers freshw

ater. 
M

igratory. B
reeds in northern hem

isphere sum
m

er.
E

P
B

C
 A

ct

S
colopacidae

C
om

m
on G

reenshank 
Tringa nebularia

C
oastal, inland lakes. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

46
E

P
B

C
 A

ct

S
colopacidae

C
om

m
on S

andpiper 
Actitis hypoleucos

B
anks, rocks near w

ater. 
M

igratory. B
reeds in northern hem

isphere sum
m

er.
3

E
P

B
C

 A
ct

S
colopacidae

G
rey-tailed Tattler 

H
eteroscelis brevipes

E
stuaries, rocky coasts, reefs. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

6
E

P
B

C
 A

ct

S
colopacidae

R
uddy Turnstone 

Arenaria interpres
R

ocky shores.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
Juvenilles m

ay overw
inter on rocky coasts.

56
171

S
ite of national im

portance according to N
ational 

P
lan for shorebird C

onservation (W
atkins, D

.) 
E

P
B

C
 A

ct

S
colopacidae

G
reat K

not 
C

alidris tenuirostris
Tidal m

udflats, rarely inland.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
S

om
e overw

inter.
E

P
B

C
 A

ct

S
colopacidae

R
ed K

not 
C

alidris canutus
Tidal m

udflats, rarely inland.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
S

om
e overw

inter.
38

E
P

B
C

 A
ct

S
colopacidae

S
anderling 

C
alidris alba

B
eaches, rarely inland.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

E
P

B
C

 A
ct

S
colopacidae

Little S
tint 

C
alidris m

inuta
C

oastal, inland shorelines.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
E

P
B

C
 A

ct

S
colopacidae

R
ed-necked S

tint 
C

alidris ruficollis
C

oastal, inland shorelines.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
913

E
P

B
C

 A
ct

S
colopacidae

S
harp-tailed S

andpiper 
C

alidris acum
inata

Inland w
aters, coastal.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

271
E

P
B

C
 A

ct

S
colopacidae

C
urlew

 S
andpiper 

C
alidris ferruginea

C
oastal, inland m

udflats.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
144

E
P

B
C

 A
ct

H
aem

atopodidae
P

ied O
ystercatcher 

H
aem

atopus longirostris
C

oastal, prefers sandy beaches, estuaries. 
O

ctober to D
ecem

ber. H
ollow

 scratched in loose 
sand, seaw

eed and driftw
ood. 
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P
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S
tri

at
ed

 P
ar

da
lo

te
 

Pa
rd

al
ot

us
 s

tri
at

us
E

uc
al

yp
t f

or
es

ts
, w

oo
dl

an
ds

, i
n 

tre
e 

cr
ow

ns
.

Ju
ly

 to
 D

ec
em

be
r. 

Lo
ng

 tu
nn

el
 d

ril
le

d 
in

to
 th

e 
so

il 
up

 
to

 1
.5

m
 lo

ng
 in

to
 c

re
ek

 b
an

ks
. 

U
np

ro
te

ct
ed

P
ar

da
lo

tid
ae

W
hi

te
-b

ro
w

ed
 S

cr
ub

w
re

n 
Se

ric
or

ni
s 

fro
nt

al
is

D
en

se
 u

nd
er

gr
ow

th
, i

nc
lu

di
ng

 u
rb

an
 a

re
as

, s
al

tm
ar

sh
es

 a
nd

 h
ea

th
s.

 
Ju

ne
 to

 D
ec

em
be

r. 
D

om
e 

ne
st

 o
n 

gr
ou

nd
 o

r n
ea

r 
gr

ou
nd

 in
 lo

w
 v

eg
et

at
io

n.
 

U
np

ro
te

ct
ed

P
ar

da
lo

tid
ae

W
ee

bi
ll 

Sm
ic

ro
rn

is
 b

re
vi

ro
st

ris
 ra

ce
 b

re
vi

ro
st

ris
D

ry
 fo

re
st

, w
oo

dl
an

ds
, m

al
le

e.
 

A
ug

us
t t

o 
D

ec
em

be
r. 

S
m

al
l n

es
t i

n 
tre

e 
or

 s
hr

ub
 o

f 
an

y 
he

ig
ht

. 
U

np
ro

te
ct

ed
P

ar
da

lo
tid

ae
In

la
nd

 T
ho

rn
bi

ll 
Ac

an
th

iz
a 

ap
ic

al
is

D
ry

 s
cr

ub
 to

 c
oa

st
al

 h
ea

th
s.

Ju
ly

 to
 D

ec
em

be
r. 

U
np

ro
te

ct
ed

P
ar

da
lo

tid
ae

C
he

st
nu

t-r
um

pe
d 

Th
or

nb
ill

 
Ac

an
th

iz
a 

ur
op

yg
ia

lis
D

ry
 w

oo
dl

an
ds

, m
al

le
e 

an
d 

m
ul

ga
. 

A
ug

us
t t

o 
D

ec
em

be
r. 

In
 s

m
al

l h
ol

lo
w

 o
f t

re
e.

 J
un

e 
to

 
D

ec
em

be
r. 

U
np

ro
te

ct
ed

P
ar

da
lo

tid
ae

Y
el

lo
w

-r
um

pe
d 

Th
or

nb
ill

 
Ac

an
th

iz
a 

ch
ry

so
rrh

oa
O

pe
n 

w
oo

ds
, p

ar
kl

an
ds

. 
Ju

ne
 to

 D
ec

em
be

r. 
B

ui
lt 

2-
5m

 fr
om

 th
e 

gr
ou

nd
 in

 
de

ns
e 

fo
lig

e.
U

np
ro

te
ct

ed
P

ar
da

lo
tid

ae
S

ou
th

er
n 

W
hi

te
fa

ce
 

Ap
he

lo
ce

ph
al

a 
le

uc
op

si
s 

ra
ce

 m
ac

ul
at

us
O

pe
n 

ar
id

 c
ou

nt
ry

, e
sp

ec
ia

lly
 n

ea
r d

ea
d 

tre
es

. 
Ju

ne
 to

 N
ov

em
be

r. 
U

np
ro

te
ct

ed
M

el
ip

ha
gi

da
e

R
ed

 W
at

tle
bi

rd
 

An
th

oc
ha

er
a 

ca
ru

nc
ul

at
a

Fo
re

st
s,

 w
oo

dl
an

ds
 a

nd
 s

ub
ur

bs
.

Ju
ly

 to
 F

eb
ua

ry
.

U
np

ro
te

ct
ed

M
el

ip
ha

gi
da

e
S

pi
ny

-c
he

ek
ed

 H
on

ey
ea

te
r 

Ac
an

th
ag

en
ys

 ru
fo

gu
la

ris
D

es
er

t, 
co

as
ta

l s
cr

ub
s,

 m
al

le
e,

 w
oo

dl
an

d 
an

d 
or

ch
ar

ds
. 

Ju
ly

 to
 D

ec
em

be
r. 

B
ui

lt 
in

 d
en

se
 fo

lia
ge

 o
f t

re
e 

or
 

sh
ru

b.
 

U
np

ro
te

ct
ed

M
el

ip
ha

gi
da

e
Y

el
lo

w
-th

ro
at

ed
 M

in
er

 
M

an
or

in
a 

fla
vi

gu
la

D
ry

 w
oo

dl
an

ds
, e

sp
ec

ia
lly

 m
al

le
e.

 
Ju

ly
 to

 D
ec

em
be

r. 
Fr

ai
l n

es
t b

ui
lt 

in
 fo

lia
ge

 o
f 

sa
pl

in
g,

 s
hr

ub
 o

r v
in

e.
 

U
np

ro
te

ct
ed

M
el

ip
ha

gi
da

e
S

in
gi

ng
 H

on
ey

ea
te

r 
Li

ch
en

os
to

m
us

 v
ire

sc
en

s
A

rid
 a

nd
 c

oa
st

al
 s

hr
ub

la
nd

s,
 w

oo
dl

an
ds

 a
nd

 s
ub

ur
bs

.
Ju

ly
 to

 J
an

ua
ry

. G
ra

ss
 c

up
 in

 b
us

h 
or

 s
hr

ub
. 

U
np

ro
te

ct
ed

M
el

ip
ha

gi
da

e
P

ur
pl

e-
ga

pe
d 

H
on

ey
ea

te
r 

Li
ch

en
os

to
m

us
 c

ra
tit

iu
s

M
al

le
e,

 w
oo

dl
an

ds
.

Ju
ly

 to
 D

ec
em

be
r .

 B
ui

lt 
in

 d
en

se
 s

hr
ub

 o
r b

us
h.

U
np

ro
te

ct
ed

M
el

ip
ha

gi
da

e
W

hi
te

-fr
on

te
d 

H
on

ey
ea

te
r 

Ph
yl

id
on

yr
is

 a
lb

ifr
on

s
A

rid
 s

bu
rb

la
nd

s 
to

 w
oo

dl
an

ds
. 

Ju
ly

 to
 D

ec
em

be
r. 

S
m

al
l n

es
t b

ui
lt 

in
 b

us
h 

or
 s

m
al

l 
tre

e.
 

U
np
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te

ct
ed

M
el

ip
ha

gi
da

e
C

rim
so

n 
C

ha
t 

Ep
th

ia
nu

ra
 tr

ic
ol

or
S

al
ty

 a
re

as
 o

f i
nl

an
d 

pl
ai

ns
, r

oc
ky

 h
ill

s,
 m

al
le

e 
he

at
h.

 
Ju

ly
 to

 N
ov

em
be

r. 
A

 n
ea

t c
up

 in
 s

al
tb

us
h,

 b
lu

eb
us

h 
or

 s
am

ph
ire

.
U

np
ro

te
ct

ed

M
el

ip
ha

gi
da

e
W
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te

-fr
on

te
d 

C
ha

t 
Ep
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 a
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ifr
on
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w
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 s
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 c
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 J
an

ua
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. C
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 in
 c

en
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 o
f s
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sa
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us
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nk
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.
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ro
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P
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Ja
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W
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r 
M
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s
D

rie
r c
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, f
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m
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 to

 D
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 1
0m
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e 
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.
U
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R
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w
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ub
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 m
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le
e,
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 s
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 to
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a 
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N
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U
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P
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hy
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G
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S
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E
P

P
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G
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d 
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eg
et

at
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n 
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A
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 N
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U
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te
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P
achycephalidae

G
rey S

hrike-thrush 
C

olluricincla harm
onica

Forest, w
oodland, scrub, m

allee, gardens. 
July to Febuary. N

est in hollow
s, dead w

ood and 
ground debris.

U
nprotected

D
icruridae

M
agpie-Lark 

G
rallina cyanoleuca

O
pen areas, roadsides, often near w

ater. 
S

pring to early sum
m

er. A
ny horizontal lim

b betw
een 

3-20m
 above ground.

U
nprotected

D
icruridae

G
rey Fantail 

R
hipidura fuliginosa

Forest and w
oodlands. 

U
nprotected

D
icruridae

W
illie W

agtail 
R

hipidura leucophrys
E

veryw
here except from

 very w
et forests. 

July to D
ecem

ber. B
uilt on anything suitable, less 

than 5m
 above ground.

U
nprotected

C
am

pephagidae
B

lack-faced C
uckoo-S

hrike 
C

oracina novaehollandiae
O

pen w
oodlands and forests. 

A
ugust to January. B

etw
een 10-20m

 above ground.
U

nprotected

C
am

pephagidae
W

hite-w
inged Triller 

Lalage sueurii
O

pen country and w
oodlands. 

S
eptem

ber to Febuary. S
m

all nest in fork. A
lso 

M
agpie-Lark nests.

U
nprotected

A
rtam

idae
D

usky W
oodsw

allow
 

Artam
us cyanopterus

O
pen forests and w

oodlands. 
A

ugust to January. Fork of tree, betw
een 5-10m

 
above the ground.

U
nprotected

A
rtam

idae
G

rey B
utcherbird 

C
racticus torquatus

O
pen forest, w

oodland, m
allee, urban and farm

land. 
July to D

ecem
ber. Fork of tree clear of foliage, up to 

5m
 from

 the ground.
U

nprotected

A
rtam

idae
A

ustralian M
agpie 

G
ym

norhina tibicen
O

pen forest, farm
s and urban land. 

June to D
ecem

ber. Fork of tall tree. B
etw

een 5-15m
.

U
nprotected

C
orvidae

A
ustralian R

aven 
C

orvus coronoides
M

ost types except closed forest. 
July to S

eptem
ber. U

pright fork of tree/pow
erpole, 

over 10m
 above ground.

U
nprotected

C
orvidae

Little R
aven 

C
orvus m

ellori
M

ost types except closed forest. 
June to S

eptem
ber. S

m
aller trees/pow

erpoles. 
B

etw
een 3-10m

 from
 the ground. 

U
nprotected

C
orvidae

Little C
row

 
C

orvus bennetti
M

ost types in arid and sem
i arid zones. O

utback tow
ns. 

A
ugust to January. Fork of a tree, betw

een 1-10m
 

from
 the ground.

U
nprotected

C
orcoracidae

W
hite-w

inged C
hough 

C
orcorax m

elanorham
phos

D
ry w

oodland and m
allee. 

A
ugust to D

ecem
ber. M

ud nest in tree betw
een 3 

and 10m
 from

 the ground.
V

ulnerable E
P

M
otacillidae

R
ichard's P

ipit 
Anthus novaeseelandiae

O
pen country, grassland. 

A
ugust to D

ecem
ber. G

rass nest in a depression.
U

nprotected
P

asseridae
H

ouse S
parrow

 
Passer dom

esticus*
H

um
an habitation, farm

land, reedbeds. 
U

nprotected

H
irundinidae

W
hite-backed S

w
allow

 
C

heram
oeca leucosternus

Inland sandy country. 
July to D

ecem
ber. Tunnel in bank approx 1m

 long.
U

nprotected

H
irundinidae

W
elcom

e S
w

allow
 

H
irundo neoxena

A
ll kinds, especially near w

ater. 
July to January. N

est attatched to vertical support of 
m

any kinds. 
U

nprotected

H
irundinidae

Tree M
artin 

H
irundo nigricans

O
pen w

oodland.
July to D

ecem
ber. H

ollow
s 1-30m

 above the ground.
U

nprotected

S
ylviidae

Little G
rassbird 

M
egalurus gram

ineus
R

eeds, tussocks in sw
am

ps. 
July to D

ecem
ber. In herbage or lignum

. Less than 
1m

 from
 the ground. 

E
P

B
C

 A
ct

A
laudidae

R
ufous S

onglark 
C

incloram
phus m

athew
si

W
oodland, parklands, hedges, lightly tim

bered grassland. 
A

ugust to D
ecem

ber. N
est on ground, often in thick 

vegetation.
U

nprotected

A
laudidae

B
row

n S
onglark 

C
incloram

phus cruralis
G

rassland and crops.
A

ugust to D
ecem

ber. N
est on ground, under grass 

or cultivated crop.
U

nprotected
Zosteropidae

S
ilvereye 

Zosterops lateralis
A

ll types, orchards, gardens. 
A

ugust to D
ecem

ber. In shrub or bush.
U

nprotected
M

uscicapidae
C

om
m

on B
lackbird 

Turdus m
erula*

W
ide variety.

A
ugust to A

pril.
U

nprotected
S

turnidae
C

om
m

on S
tarling 

Sturnus vulgaris*
U

rban and country. 
A

ugust to M
arch. In tall trees.

U
nprotected
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d
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L
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Ceduna Keys

ENVIRONMENTAL
IMPACT

STATEMENT

Working Papers



Year
C

oastal reserve
C

oastal reserve

1880
1881
1903
1910
1920
1928
1929
1934
1949
1951
1952
1959
1961
1962
1963
1964
1965
1968

1969
1970

1971
1972
1973

N
ew

 and balance 
C

T 4007/701
N

ew
 and B

alance C
T 

4007/699
P

ortion of w
ithin 

land discharged 
form

 encum
brance. 

Transfer 3534069 
to the m

inister of 
agriculture new

 C
T 

for that portion 
4007/698

P
ortion of w

ithin 
land discharged 
from

 
em

cum
brance. 

Transfer 3534069 
portion to M

inister 
for A

griculture 
new

 C
T for that 

portion 4007/698

N
ew

 and B
alance 

C
T 4007/700

1974
C

T 4007/698 
1975
1978

P
ortion to C

T 
4139/17 transfer 
4249305 to 
R

ichard S
w

inburne 
Jolly and H

elen 
Fraser Fell. 
E

asem
ents set 

forth in transfer

P
ortion to C

T 
4139/18 transfer 
4249306 to R

ichard 
S

w
inburne Jolly and 

H
elen Fraser Fell. 

E
asem

ents set forth 
in Transfer

P
ortion to C

T 
4139/19

P
ortion to 

C
T 4139/20

P
ortion to 

C
T 

4139/21

P
ortion to C

T 
4139/22

B
alance to C

T 4139/23 
G

ilbert W
ilfred 

A
nderson,farm

er.

P
ortion to C

T 
4139/24

1979

1980
1991

Lease N
o 

7082685. Lease 
4649073 
surrended. Lease 
4549073 to 
Y

arilena 
C

om
m

unity Inc. 
E

xpiring 13.3.2016

1998
1999

C
T 5657/129

2000
Transfer N

o. 8850523 
2001

C
row

n Lease C
T 

5835/121
2003
2004

C
ontains a range 

of R
egistrar-

G
eneral notes, 

discussing filed 
plans and 
converted titles. 
A

boriginal Lands 
Trust of 1 W

right 
R

oad, W
alkley 

H
eights, S

A
 5098

C
R

 5768/868

Transfer 1581093 W
allis H

enry S
edgley to W

illiam
 H

enry S
edgley, B

utcher and grazier 

Transfer to V
iola E

lsa K
ies w

idow

Transfer 2557087 to  Laurence Leopold and E
rna A

lvira H
offrichter Farm

er. 

Transfer 2105283 to R
onald A

lex K
ies, farm

er and grazier.

C
row

n Lease N
o.16197. C

T 885/20 Leo B
ernhardt H

ughs Farm
erTransfer of Lease N

o.16197 to E
ric Leslie B

aum
ann

Transfer N
o.1694122 K

ennith A
llen S

chivarz Farm
er

P
artial surrender N

o.2460577 of Lease N
o. 16197

N
ot dated. M

isc. Lease 7043. G
eorge E

dw
ard Fleetw

ood Farm
 labourer

A
ct 830/03 for perpetual lease N

o. 11408

Transfer N
o. 1031976 to Leo B

ernhardt H
ughes

N
ew

 and B
alance C

T 
4007/702. V

ytautas 
V

incentas P
atupas 

R
oad H

ouse P
roprietor. 

5830/638 D
istrict C

ouncil of C
eduna, P

O
 

B
ox 175 C

eduna, S
A

 5690. C
aveat by 

C
eduna M

arina D
evelopm

ent C
o. P

ty Ltd. 

C
aveat w

ithdraw
n. P

art replaced by C
T 3683/102 Laurence Leopold and E

rna A
lvira H

offrichter Farm
er, R

oad E
asem

ent. 
Transfer 3113300 to G

illbert W
ilfred A

nderson and Y
vonne C

herie A
nderson Farm

er. 10yr lease 3113303 to H
offrichters to 

5.5.1980

3684/191 encum
brance E

S
S

O
 A

ustralia.Ltd (P
riceW

aterhouse),  Transfer 31226020 to W
alter K

arl O
berden, S
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Appendix VI – Land tenure documents 
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Appendix VII – Diagram book 
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Appendix VIII – Details of consultants 
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Delta Environmental Consulting has a core staff of three, supported by a range of contract 
and resource personnel, who may be employed for specific projects, on a more permanent 
basis, or in a resource capacity. 
 
Peri Coleman (M AppSc - Environmental Management 
and Restoration) has extensive experience in identifying 
marine and terrestrial flora and fauna of the mainland states 
and Tasmania, conducting biological surveys, producing 
reports and educational materials. Her main interests 
include biological survey work, revegetation and 
rehabilitation, scientific illustration and desktop publishing, 
preparation of herbarium and museum specimens, 
management plans, taxonomy and classification, solar 
saltfield biology, environmental education programs, 
computer application development, wetland studies and mangrove and samphire ecosystems. 
 
Peri owns, and is senior consultant for, Delta Environmental Consulting. She is a member of 
the South Australian Coast Protection Board, Barker Inlet Port Estuary Committee and chair 
of the Northern Adelaide & Barossa Regional Steering Committee of Waterwatch. Peri has a 
strong commitment to research, with several recent papers accepted for international 
publication. She is a fellow of the Royal Society of South Australia and member of the 
International Society for Salt Lake Research. 
 
 
Faith Cook (Grad Dip GIS & Remote Sensing, Dip Env Man) is employed by Delta 
Environmental Consulting to provide technical and consulting services.   Faith has strengths 
in remote sensing, statistics and biometrics. She provides services in the GIS and mapping 
areas, development of computer database and spreadsheet applications, environmental risk 
assessments, archival searches, water testing and laboratory work, fieldwork, and desktop 
design and publishing.  

 
Faith’s interests include radio telemetry and she has a Novice 
(limited) Amateur Radio Operator (WIA) licence and also 
holds a Marine band licence.  
 
Faith is a fellow of the Royal Society of South Australia and 
a member of the International Society for Salt Lake 
Research. Her current research interests include diatom 
ecological preferences and samphire ecology. 

 
 
Jenny Larter (B Technology, Forensic and Analytical Chemistry) is employed on a 
permanent part-time basis to provide laboratory and forensic expertise. Jenny brings a wide 
understanding of testing methodologies, and legal evidentiary requirements, to her position. 
When Jenny is not examining samples from assorted drains, or quantifying the minute 
concentrations of contaminants in water samples, she enjoys choral singing and bushwalking. 
 
 
For further information on any Delta Environmental Consulting staff member, or information 
on the projects the company has been involved with, please visit our web site at 
http://www.deltaenvironmental.com.au  
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LIMITATIONS STATEMENT 
 
The sole purpose of this report and the associated services performed by Delta Environmental Consulting is to 
conduct an environmental assessment of the proposed Ceduna Keys site in accordance with the scope of services 
set out in the contract between Delta Environmental Consulting (‘Delta’) and Eco Management Services (‘the 
Client’). That scope of services was defined by the requests of the Client, by the time and budgetary constraints 
imposed by the Client, and by the availability of access to the site. 
 
Delta derived the data in this report primarily from visual inspections, examination of records in the public domain 
and interviews with individuals with information about the site. The passage of time, manifestation of latent 
conditions or impacts of future events may require further exploration at the site and subsequent data, analysis and 
a re-evaluation of the findings, observations and conclusions expressed in this report. 
 
In preparing this report, Delta has relied upon and presumed accurate certain information (or the absence thereof) 
relative to the site, provided by government officials and authorities, the Client and others identified herein. 
Except as otherwise stated in the report, Delta has not attempted to verify the accuracy or completeness of any 
such information. 
 
The findings, observations and conclusions expressed by Delta in this report are not, and should not be considered, 
an opinion concerning environmental or operational liability. No warranty or guarantee, whether express or 
implied, is made with respect to the data reported or to the findings, observations and conclusions expressed in this 
report. Further, such data, findings, observations and conclusions are based solely upon site conditions and 
information in existence at the time of the investigation. 
 
This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in 
connection with the provisions of the agreement between Delta and the Client. Delta accepts no liability or 
responsibility whatsoever for or in respect of any use of or reliance upon this report by any third party. 
 
 
Document history: 
Draft released for comment: 30/12/2004 
Final version printed (edits in avian section and typography): 01/02/2005 

EMS-CED-001-PC/FC  Page 2  



Delta  Ceduna Marina Biodiversity Survey 

Table of Contents 

1. INTRODUCTION 6 

2. CONSULTANT 7 

3. THE SITE 8 

3.1 Location and landform 8 

4. THE TERRESTRIAL VEGETATION 11 

4.1 Existing vegetation units 11 
4.1.1 Impact area 13 

4.2 Plant species recorded during survey 14 

4.3 Conservation status of indigenous flora species 24 

4.4 Vegetation history 25 

5. TERRESTRIAL FAUNA OBSERVATIONS 28 

5.1 Birds 29 
5.1.1 Possible impacts on bird life 34 

5.2 Reptiles and amphibians 35 

5.3 Mammals 36 

5.4 Terrestrial invertebrates 36 

6. INTERTIDAL FLORA AND FAUNA 38 

6.1 Observations 38 

6.2 Benthic surface quadrats 42 

6.3 Benthic cores 43 

6.4 Intertidal species – ecological notes 44 
6.4.1 Possible impacts in the intertidal zone 46 

7. SITE USAGE HISTORY 46 

EMS-CED-001-PC/FC  Page 3  



Delta  Ceduna Marina Biodiversity Survey 

7.1 Aerial photography review 46 

7.2 Land tenure review 47 
7.2.1 Coastal reserve 49 
7.2.2 Section 35 49 
7.2.3 Section 13 49 

8. INTERACTION WITH AIRPORT 50 

9. CONCLUDING SUMMARY 51 

9.1 Current state of vegetation 51 

9.2 Area of impact for vegetation 53 

9.3 Flora that may trigger legislative response 54 

9.4 Fauna that may trigger legislative response 55 

9.5 Baseline intertidal flora and fauna data 56 

9.6 Birds risk to airports 57 

10. REFERENCES 58 

11. APPENDICES 59 

Appendix I  – Vegetation associations  

Appendix II – Collection permit  

Appendix III – Flora voucher specimens  

Appendix IV – Birds Australia species list  

Appendix V – Land ownership summary  

Appendix VI – Land tenure documents  

Appendix VII – Diagram book  

Appendix VIII – Details of consultants  
 
 
Figures 
Figure 1 - Approximate boundaries of study site, outlined in blue ..................................................8 
Figure 2 - Aerial photograph of the survey site (derived from provided concept plan)...................9 
Figure 3 - Monthly rainfall and temperature averages for Ceduna ................................................10 
Figure 4 - Cold days and evaporation per year (BOM)..................................................................10 

EMS-CED-001-PC/FC  Page 4  



Delta  Ceduna Marina Biodiversity Survey 

Figure 5 - Terrestrial vegetation associations.................................................................................12 
Figure 6 - Approximate impact zone..............................................................................................13 
Figure 7 - Adequacy of sampling effort .........................................................................................14 
Figure 8 - Locations sampled during the survey (aerial photography from Mapland, 2003).........15
Figure 9 - Silver mulla mulla on the site ........................................................................................21 
Figure 10 - Lifeform analysis of the Ceduna site ...........................................................................21 
Figure 11 - Lifeform analyses, Eyre Peninsula West to Nullabor (Oppermann, 1999) .................22 
Figure 12 - Hemichroa diandra in a swale on Allotment 22...........................................................24 
Figure 13 - Southern coastal strip, 1950, 1968 & 2004..................................................................26 
Figure 14 - South-eastern hill, 1950, 1968 & 2004........................................................................26 
Figure 15 - Southern corner of the north-western block, 1968 & 2004 .........................................27 
Figure 16 - Small dunes and dissected saltmarsh east of highway, 1968 & 2004..........................27 
Figure 17 - Northern corner of the eastern block, 1968 & 2004 ....................................................28 
Figure 18 - Pelican and migratory waders......................................................................................30 
Figure 19 - Snake and lizard tracks ................................................................................................35 
Figure 20 - Spider webs catching the many small flying wasps ....................................................38 
Figure 21 - Observation points in the intertidal zone .....................................................................39 
Figure 22 - Pinna bicolor in a rear reef pool ..................................................................................41 
Figure 23 - Pebble crab and brown algae in rear reef pool.............................................................41 
Figure 24 - Benthic quadrat and core locations..............................................................................42 
Figure 25 - Shorebirds and protruding  polychaete  worm tubes ...................................................42 
Figure 26 - Cadastral information on study area ............................................................................48 
Figure 27 – Vegetation impact area................................................................................................54 
 
Tables 
Table 1 - Percentage cover of each habitat type.............................................................................12 
Table 2 - Details of sampling quadrats...........................................................................................16 
Table 3 - Species list of plants occurring on the site ......................................................................20 
Table 4 - Biodiversity information .................................................................................................20 
Table 5 - West Coast intertidal salt marsh species (DEH data, Fotheringham, 2004) ...................23 
Table 6 - Bird sightings in late November 2004 (Delta staff) ........................................................30 
Table 7 - Birds Australia records of birds within 1-degree block that includes study site.............33
Table 8 - Birds Australia wader counts in Murat Bay, 1984 & 2000.............................................34 
Table 9 – Lizards sighted ...............................................................................................................35 
Table 10 - Terrestrial invertebrates recorded on the site ................................................................38 
Table 11 - Intertidal zone observations ..........................................................................................40 
Table 12 - Intertidal quadrats .........................................................................................................43 
Table 13 - Intertidal benthic cores..................................................................................................44 
Table 14 - Intertidal fauna list, with ecological preferences ..........................................................45 
Table 15 - Intertidal flora list, with ecological preferences............................................................46 
Table 16 - Bird strike hazards (ASTB, 2002).................................................................................50 
Table 17 - Birds Australia wader counts, Murat Bay .....................................................................56 

EMS-CED-001-PC/FC  Page 5  



Delta  Ceduna Marina Biodiversity Survey 

 

1. Introduction 
Delta Environmental Consulting was approached by Eco Management Services to conduct a 
range of biodiversity surveys on a site at Ceduna on the Eyre Peninsula. The site is proposed 
for use as a marina and residential development. The developers have already submitted a 
Draft Environmental Impact Statement, dated 11 August 2004 to Planning SA. Planning SA 
has forwarded comments about the Draft EIS to the proponents, who in turn have requested 
that Delta Environmental Consulting provide them with information that would enable them 
to respond to the comments. 
 
The client specifically required the following tasks be undertaken to aid them in preparing a 
response to feed back on their draft Environmental Impact Statement: 

1. Reassessing the current state of vegetation on the non-tidal (terrestrial) subject area, 
and describing the possible impacts of any development on this vegetation.  

2. Discussing any known species that occur in the area that may trigger the EPBC Act or 
state legislation, and completing appropriate fauna assessments to fill in knowledge 
gaps to allow a detailed assessment.  

3. Calculating the relative area of each terrestrial and intertidal vegetation community 
type that may be lost, including a description of the condition and/or health of the 
vegetation. The layout plan of the current proposed development would be laid over 
this vegetation map to support this information. 

4. Assessing any risk that large birds attracted to the site may pose to the nearby airport, 
including an assessment of current bird usage of the site. 

5. Establishing a good baseline level of data related to intertidal flora and fauna, using a 
repeatable methodology that will allow identification of impacts post-development. 
Plants and animals growing or living in the intertidal zone should be collected and 
identified to species level if possible. All methodologies should be documented so 
that the surveys could be replicated by other organizations if required. 

 
Delta Environmental Consulting committed to undertake the following activities:  

1. Assess the history of the site including past uses, clearance dates and past 
biodiversity. 

2. Conduct a full vegetation survey using DEH standard methods and preparation of 
maps/overlays. 

3. Calculate the potentially impacted areas, habitat types, percentages of total area and 
current vegetation health. 

4. Conduct fauna observations, tracks & scats analysis for mammals & reptiles. 
5. Conduct diurnal invertebrate sweeps & night-time light trapping of nocturnal insects. 
6. Undertake point counts & observations for birds. 
7. Assess which birds presently pose a risk to aircraft and whether changes as a result of 

the proposed development may increase strike risk. 
8. Complete 20 quadrats & 20 sediment cores to quantify and identify algae and/or 

animals present in the intertidal zone (to species level where practicable). 
9. Prepare a report summarising the results of surveys or assessments
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2. Consultant 
Delta Environmental Consulting is an independent South Australian consulting business. The 
company provides services in the areas of: biological survey work, environmental education 
programs, saltfield technology and saline wetland ecology, scientific illustration & desktop 
publishing, preparation of herbarium and museum specimens, taxonomy and classification, 
revegetation and rehabilitation, and computer application development. 
 
The company is a member of Standards Australia, and its quality assurance management 
system has been third party certified to the international Q-base standard by NATA 
Certification Services International. A copy of the scope of certification is available on 
request. 
 
Delta Environmental Consulting has a policy of continuous improvement in the areas of: 
• providing a quality service to our clients 
• providing ongoing training and educational opportunities for our consultants 
• maintaining high standards in the areas of health, safety and environment both within 

Delta and while working with our clients 
 
The consultants undertaking this project are detailed in Appendix VIII - Details of 
Consultants. 
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3. The site 

3.1 Location and landform 
The land being investigated is situated on a coastal floodplain on the northern outskirts of 
Ceduna, around the shores of Murat Bay. The land is owned largely by three organisations - 
the Crown, the Ceduna Regional Council and the Aboriginal Lands Trust. There are several 
other stakeholders, in the form of easement owners and lessees.  
 

 
Figure 1 - Approximate boundaries of study site, outlined in blue 

 
Historic aerial photographs of the area reveal that the land has been used for various purposes 
including sand mining, grazing and rubbish dumping. There has been no attempt to revegetate 
the site, with most trees currently present on the site pre-dating the 1950’s aerial photograph. 
Existing published species lists for the surrounding areas were also obtained where available, 
as these aid in assessing the potential for species not in evidence at the time of the survey. 
 
The photograph presented in Figure 2 is an aerial view of the land area being investigated in 
this survey, overlayed with the proposed development in fine black lines.  
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Figure 2 - Aerial photograph of the survey site (derived from provided concept plan) 

 
The property occupies a centroid located at approximately Zone 53H 374745 E and 6446831 N 
(Aust Geodetic Datum 1984). The land comprises a large central stranded tidal saltmarsh 
surrounded by coastal dunes to the southwest and northwest and cleared farmlands on the 
landward boundaries of the central basin. The land shows limited signs of being filled, with 
the only fill sites being located near the fuel station and for rail and road reserves. The block 
was partially cleared prior to 1949, leaving small stands of trees and the current samphire 
shrub land.  
 
The main highway was constructed prior to 1950, and the samphire swamp on the claypan 
was probably cut off from the tide at this time. It is likely that there may be areas of Acid 
Sulfate Soils within the stranded salt marsh. There will be areas of Potential Acid Sulfate 
Soils underlying the intertidal saltmarsh and mangrove areas. There may be areas of Potential 
Acid Sulfate Soils in the seagrass beds of the intertidal and subtidal areas. 
 
The soils on the site are variable, with areas of saltmarsh clays, intertidal sediment, sodic clay 
and sands. The current saltpan is underlaid with a hard layer, similar to a duripan found in 
vernal pools, which may be a contributing factor to the continued existence of these 
samphires. In some locations, areas of this pan have been dug up, possibly in an attempt to 
drain the pan. In the pits remaining on the pan surface, numbers of sub-fossil shells are 
visible, including shells of the beaked mussel Brachiodontes rostratus, the queen scallop 
Chlamys bifrons, the anemone cone shell Conus anemone, and two species that may be 
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remnants from the last high stand of the sea - a circular cockle, possibly Circe weedingi, now 
only occurring in Gulf St Vincent and Spencer Gulf, and the mud ark or Sydney blood cockle 
Anadara trapezia, now extinct in South Australia.  
 
Prior to clearance and road construction, this area would have resembled the nearby 
Davenport Creek salt marsh. Further details regarding the land use and vegetation history of 
the site are included in the site history section of this report. 
 
The nearest weather station to the site (at the Ceduna Airport Meteorological Station) receives 
an average 300.1 mm of rain a year, with most rain occurring during in winter. Average 
annual maximum temperatures for the weather station are 23.3oC and average summer 
maxima are around 28oC.  
 

Mean monthly rainfall at Ceduna 
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Figure 3 - Monthly rainfall and temperature averages for Ceduna 

 
 

  
Figure 4 - Cold days and evaporation per year (BOM) 
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4. The terrestrial vegetation 

4.1 Existing vegetation units 
The site has several morphological terrestrial vegetation units that occur from the landward 
edge of the intertidal zone, through salt pans, dunes and cheniers. The more ‘marine’ of the 
intertidal vegetation units will be addressed in a separate section on intertidal marine 
vegetation, while this section only includes the more ‘coastal’ of the intertidal vegetation 
units. The unit definitions are based on McDonald et al (1990). 

 
The plant associations in the surveyed morphological units are: 
• C1D: Closed dwarf chenopod shrubland in the intertidal area, dominated by Sarcocornia 

quinqueflora and Suaeda australis.  
• C2M: Mid-dense low chenopod shrubland dominated by Halosarcia pruinosa, H. 

pergranulata, and H. halocnemoides often with Hemichroa diandra as a sub-dominant. 
• C3S: Open mid-high chenopod shrubland dominated by Atriplex spp., Maireana spp. 

and/or Frankenia spp. often with an understorey of Hemichroa diandra. 
• C4D: Closed tall chenopod shrubland in the supratidal area, dominated by Sclerostegia 

arbuscula. 
• D3M: Mid-dense tall sod grassland dominated by anthropogenic grasses. 
• F2S: Open mid-high forbland dominated by Ward’s weed interspersed with scattered 

chenopods (Sclerolaena spp.and Salsola kali). 
• G2S: Open tussock grassland dominated by Austrostipa spp. and Danthonia setacea. 
• S3S: Open mid-high shrubland on dunes and shelly ridges with Geijera linearifolia, 

Olearia spp., Acacia spp. and Pittosporum phylliraeiodes. Isolated tall shrubs may occur 
in patches. 

• S3V: Sparse mid-high shrubland dominated by Olearia spp., Geijera linearifolia, 
Maireana and Cratystylis conocephala.   

• S41: Isolated tall shrubs, usually Melaleuca spp. or Acacia spp. 
• S4D: Closed coastal dune tall shrubland dominated by Nitraria billardierei, Atriplex 

vesicaria and Cakile maritima. 
• T4V: Open low mangrove woodland in the intertidal area (Avicennia marina) with a poor 

understorey except where the woodland is prograding across the neighbouring low 
chenopod shrubbery. 

• Y4L: Isolated clumps of tall mallee shrub or other tall shrubs, usually Eucalyptus 
gracilis, Eucalyptus calcareana or Melaleuca spp. 

 
A supervised classification of the various plant associations shown in the 1995 aerial 
photography is provided in Figure 5, and an A3 sized version is attached to this document in 
Appendix 1 – Vegetation associations. Aerial photographs from 1995 were used in place of 
more recent data because of their clarity, and the season of the year these images were taken.  
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Figure 5 - Terrestrial vegetation associations 

 
Habitat code % of site Area covered 

(Hectares) 
C1D: Closed dwarf chenopod shrubland (intertidal) 1.3 2.4 
C2M: Mid-dense low chenopod shrubland (extratidal) 19.1 34.5 
C3S: Open mid-high chenopod shrubland (extratidal) 11.2 20.1 
C4D: Closed tall chenopod shrubland (supratidal) 0.4 0.6 
D3M: Mid-dense tall sod grassland 6.6 12.0 
F2S: Open mid-high forbland 3.1 5.6 
G2S: Open tussock grassland 11.2 20.3 
S3S: Open mid-high shrubland (dunes, berms) 8.4 15.1 
S3V: Sparse mid-high shrubland (dunes, ridges) 4.2 7.5 
S41: Isolated tall shrubs 3.9 7.1 
S4D: Closed coastal dune tall shrubland (primary dune) 2.5 4.4 
T4V: Open low mangrove woodland (intertidal) 0.9 1.6 
Y4L: Isolated clumps of tall mallee shrub or other tall shrubs 2.0 3.6 
Bare soil 23.9 43.0 
Rocky reef 1.5 2.7 
Total 100.0 180.4 

Table 1 - Percentage cover of each habitat type 
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Studies by Young (1988) broke the vegetation of the coastal strip along this stretch of the 
South Australian coast into three broader categories: 

• Beach/dune vegetation – cover includes species such as Olearia axillaris, Nitraria 
billardierei, Spinifex seriaceus and other salt-tolerant species. 

• Coastal heath vegetation – cover includes Alyxia buxifolia, Melaleuca lanceolata, 
Beyeria lechenaultii, on soils varying from calcareous sands to thin sands overlying 
calcarenite. 

• Sub-coastal scrub – Melaleuca lanceolata (coastwards) and Melaleuca pauperiflora 
(inland) with occasional Eucalyptus oleosa (E. gracilis, E. yalatensis, E. calcareana) 
and an understorey of Atriplex paludosa (coastwards) or Atriplex vesicaria (inland).  

 
The study site contains all three of Young’s habitats, plus the area of stranded salt marsh.   
 

4.1.1 Impact area 
Table 1 detailed the existing percentages and areas of the site covered by each habitat type. 
The direct impact area of the proposed development, shown below, covers 81% of the site, 
with no area of the study site being more than 200m from the direct impact site. Those 
habitats occurring inside the outline are likely to be extirpated completely by residential 
development or the development of waterways. Those habitats occurring outside the outline 
may not be immediately impacted, but may be ultimately impacted by weed incursion 
(terrestrial habitats) or by hydrological/sedimentary process change (intertidal and supratidal 
habitats). 
 

 
Figure 6 - Approximate impact zone 
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4.2 Plant species recorded during survey 
The survey was conducted by gathering vouchers of each new plant species found on the site, 
as it was first encountered in a sampling quadrat. Sampling quadrats were reasonably large, 
being roughly circular, with radii of 30m from the GPS location for each quadrat. Sufficient 
sampling quadrats were used to ensure representation of all vegetation units occurring on the 
body of the site. Graphs of new species found at each site (total species and indigenous 
species) show the reduction in new species encountered at new sample locations as sampling 
progressed, with occasional increases as new vegetation units were encountered.  
 
At each selected location a GPS was used to record the location (accurate to approximately 
5m), the vegetation association was noted (see Table 2), and the quadrat was searched for 
plants not recorded previously. As a precaution where similar species are difficult to 
determine in the field, some vouchers were replicates.  
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Figure 7 - Adequacy of sampling effort 
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Figure 8 - Locations sampled during the survey (aerial photography from Mapland, 2003) 

 
At each sampling location a description of the habitat type was recorded, to allow ground-
truthing and supervision of the geographic information system’s image classification analysis. 
 
One hundred and fifty-one (151) vouchers pairs were collected for later identification. All 
vouchers were dried, then one of each voucher pair was sent to the Herbarium as required 
under the collection license (Appendix 2 – Collection permit), and the other was retained, to 
be provided to the client for reference purposes. A list of all vouchers and the locations they 
were collected from is appended to this document in Appendix 3 – Flora voucher specimens.  
 
There were eighty-six (86) indigenous species and forty-three (43) alien species, one hundred 
and twenty-nine (129) species in all, encountered and collected during the site visit. 
 
Details of the locations sampled, illustrated earlier in Figure 8, are provided along with their 
co-ordinates and voucher specimen numbers in Appendix 3. 
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Location Description 

1 Limestone cliff/ridge with sand dune. Tall shrubs - Pittosporum & Melaleuca, low shrubs - 
Geijera, Bladder saltbush, herbaceous understorey 

2 Dunes. Taller mallees in small groups, site dominated by bluebush daisy and Geijera. 
3 Dense band of Nitraria backing a sandy beach with a seaward rim of mangroves. 
4 Dominant species - Bladder saltbush, Nitraria, variable groundsel, Frankenia. 
5 Sandy chenier on landward side of track, Sclerostegia shrubland on seaward side of track. 
6 Chenier dominated by Nitraria, devolving to a Sclerostegia shrubland closer to the sea, then a 

band of Sarcocornia, then mangroves. 
7 Weedy roadside vegetation dominated by Limonium. 
8 Weedy chenier/dune dominated by Nitraria near the beach, Limonium and Gazania nearer the 

road. 
9 Large dune. Mallees with an understorey of Rhagodia & Halosarcia. 

10 Herb and tussock grassland dominated by Ward's weed, Linclon weed, spent Stipa and 
Danthonia. 

11 Saltpan with cyanobacterial polygons impregnated with gypsum and salt. Dominated by 
Halosarcia pergranulata and H. pruinosa. 

12 Sodic erodible ridge on surface of saltpan. Mosses dominate. 
13 Small dune ridge on surface of saltpan. Dominated by Frankenia sessilis. 
14 Small dune ridges on surface of saltpan. Dominated by Frankenia, Maireana and Halosarcia. 
15 Patch of Halosarcia halocnemoides on the saltpan. 
16 Dune ridge on the landward edge of the saltpan. Quadrat dominated by tussock grasses, 

Sclerolaena and Lycium australe 
17 Dune ridge on the landward edge of the saltpan. Quadrat dominated by Bladder saltbush, 

Myoporum, Scaevola and tussock grasses. 
18 Chenier/dune dominated by Austrostipa, Bladder saltbush, Hemichroa, Silene and Exocarpos.
19 Slope dominated by Bladder saltbush on its lower reaches, upper slope dominated by Stipa, 

Ward's weed, Sclerolaena & Salsola. Crest  - Danthonia 
20 Crest of sandpit and pit itself. Many Westringia rigida bushes and some Kippistia growing in 

patches, occasional Acacia, herbs. 
21 Base of slope near the saltpan. Tussock grasses and single Allocasuarina, some balls of 

foliose lichen. 
22 Dune slope. Tussock grassland to small herbland. Scattered shrubs of Nitraria and 

Zygophyllum. Scattered Melaleuca, mallees and Pittosporum. 
23 Small shell ridge dominated by Geijera, Pittosporum and Hemichroa. 
24 Dissected saltmarsh dominated by Halosarcia, Hemichroa and Lawrencia. 
25 Shell ridge dominated by Bladder saltbush & Frankenia, with an understorey of Carpobrotus 

and occasional clumps of Austrostipa elegantissima. 
26 Shell ridge dominated by Hemichroa, Olearia & Senna, with patches of Melaleuca, Exocarpos 

and Acacia 
27 Sandy slope dominated by Myoporum, Santalum and Acacia with very large clumps of 

Dianella revoluta. 
28 Sandy area with large Melaleuca and Acacia shrubs, young Pittosporum and clumps of 

Rhagodia. 
29 Swale along a drainage line, dominated by Hemichroa and Sclerostegia. 
30 Old dump area. Dominated by Mesembryanthemum 
31 Slope. Single mallee in grassland. 
32 Mallee scrub with Bladder saltbush and Frankenia 
33 Dune with mallees, old Melaleuca trees & Eremophila 
34 Dune with mallees, Hakea and Santalum. 

Table 2 - Details of sampling quadrats 
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Family Species Common name Exotic Conservation 
status 

Agavaceae Agave americana Century plant  * 
Aizoaceae Carpobrotus rossii Karkalla or Ross' noonflower  

Aizoaceae Disphyma crassifolium Round leaf pigface  

Aizoaceae Galenia secunda Blanket weed * 

Aizoaceae Mesembryanthemum aitonis Angled iceplant * 

Aizoaceae Mesembryanthemum nodosum Slender iceplant * 

Aizoaceae Mesembryanthum crystallinum Common iceplant * 

Aizoaceae Tetragonia implexicoma Bower spinach  

Amaranthaceae Hemichroa diandra Mallee hemichroa  

Amaranthaceae Ptilotus obovatus var obovatus Silver mulla mulla  

Avicenniaceae Avicennia marina Grey mangrove  

Boraginaceae Heliotropium europaeum Potato weed * 

Caryophyllaceae Silene gallica French catchfly * 

Caryophyllaceae Silene nocturna Mediterranean catchfly * 

Caryophyllaceae Spergularia marina Salt sand-spurry * 

Casuarinaceae Allocasuarina verticillata Drooping sheoak  

Chenopodiaceae Atriplex acutibractea A saltbush  

Chenopodiaceae Atriplex cinerea Coast saltbush  

Chenopodiaceae Atriplex paludosa ssp. cordata Marsh saltbush  

Chenopodiaceae Atriplex vesicaria Bladder saltbush  

Chenopodiaceae Atriplex vesicaria var variablis Bladder saltbush  

Chenopodiaceae Beta vulgaris Beet * 

Chenopodiaceae Enchylaena tomentosa Ruby saltbush  

Chenopodiaceae Halosarcia halocnemoides Grey samphire  

Chenopodiaceae Halosarcia pergranulata var pergranulata Black seed samphire  

Chenopodiaceae Halosarcia pruinosa Waxy glasswort  

Chenopodiaceae Maireana appressa/radiata A cotton bush with no fruit  
Chenopodiaceae Maireana brevifolia Small-leaved bluebush  
Chenopodiaceae Maireana erioclada Rosy bluebush  
Chenopodiaceae Maireana erioclada/pentatropis A maireana with no fruit  

Chenopodiaceae Maireana oppositifolia Heathy bluebush  

Chenopodiaceae Maireana scleroptera A maireana  

Chenopodiaceae Maireana trichoptera A bluebush  

Chenopodiaceae Rhagodia candolleana Seaberry saltbush  

Chenopodiaceae Rhagodia crassifolia Fleshy saltbush  

Chenopodiaceae Salsola kali Buckbush rolypoly * 

Chenopodiaceae Sarcoconia quinqueflora Bearded glasswort  

Chenopodiaceae Sclerolaena brevifolia poss. hybrid with 
S. obliquicuspis 

A copperburr or bindyii  

Chenopodiaceae Sclerolaena uniflora Bassia  
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Family Species Common name Exotic Conservation 
status 

Chenopodiaceae Sclerostegia arbuscula Shrubby samphire  

Chenopodiaceae Suaeda australis Austral sea-blite  

Chenopodiaceae Threlkeldia diffusa Coast bone fruit  

Compositae Angianthus tomentosus Hairy cup flower  

Compositae Arctotheca calendula Cape weed * 

Compositae Centaurea melitensis Maltese cockspur * 

Compositae Conyza bonariensis Flaxleaf fleabane * 

Compositae Cratystylis conocephala Bluebush daisy  

Compositae Gazania linearis Gazania * 

Compositae Hedypnois rhagadioloides Cretan weed * 

Compositae Helianthus annuus Common sunflower * 

Compositae Ixiolaena pluriseta A plover daisy  Rare in SA, 
Unknown for EP 

Compositae Kippistia suaedifolia Kippistia  Rare in EP 

Compositae Olearia axillaris Coast daisy bush  

Compositae Olearia exiguifolia Small-leaved daisy-bush  

Compositae Reichardia tingitana False sow thistle * 

Compositae Senecio lautus Variable groundsel  

Compositae Sonchus oleraceus Common sow thistle * 

Compositae Vittadinia cervicularis Fuzzweed  

Compositae Vittadinia cuneata Fuzzweed  

Compositae Vittadinia eremaea A vittadinia  

Crassulaceae Crassula sieberana var tetramera Austral stonecrop  

Cruciferae Brassica tournefortii Long fruited wild turnip * 

Cruciferae Cakile maritima Sea rocket * 

Cruciferae Carrichtera annua Ward's weed or duck-bill burr * 

Cruciferae Diplotaxis tenuifolia Lincoln weed * 

Epacridaceae Acrotriche patula Shiny ground berry  

Euphorbiaceae Euphorbia terracina Carnation weed, false caper * 

Frankeniaceae Frankenia pauciflora Sea heath  

Frankeniaceae Frankenia sessilis Small leaved sea heath  

Gentianaceae Centaurium tenuiflorum A centaury  

Goodeniaceae Scaevola spinescens Spiny fanflower  

Gramineae Austrostipa drummondii Cottony speargrass  

Gramineae Austrostipa elegantissima Feather speargrass  

Gramineae Austrostipa eremophila Desert spear-grass  

Gramineae Austrostipa flavescens A spear-grass  

Gramineae Avena barbata Bearded oat * 

Gramineae Bromus catharticus Prairie grass * 
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Family Species Common name Exotic Conservation 
status 

Gramineae Bromus rigidus Rigid brome * 

Gramineae Critesion murinum Barley grass * 

Gramineae Cynodon dactylon Couch grass  

Gramineae Danthonia setacea var setacea Bristly, or small flowered, or 
mulga wallaby grass 

 

Gramineae Festuca littoralis Coastal fescue  

Gramineae Lolium perenne Perennial ryegrass * 

Gramineae Parafolis incurva Curly rye * 

Gramineae Polypogon monspeliensis Annual beard-grass * 

Gramineae Tribolium acutiflora Desmazeria * 

Iridaceae Gynandriris setifolia Thread Iris * 

Iridaceae Romulea minutiflora Guildford grass * 

Labiatae Marrubium vulgare Horehound * 

Labiatae Westringia rigida Stiff westringia  

Leguminosae Acacia anceps Port Lincoln wattle  

Leguminosae Acacia cyclops Western coastal wattle  

Leguminosae Acacia hakeoides Hakea wattle  

Leguminosae Medicago polymorpha Burr medic * 

Leguminosae Senna artemesiodes Desert cassia  

Leguminosae Templetonia retusa Cockie's tongue  

Liliaceae Asphodelus fistulosus Onion weed * 

Liliaceae Dianella brevicaulis Short fruited black anther flax-
lily 

 

Liliaceae Dianella revoluta Black anther flax lily  

Liliaceae Lomandra collina Fibrous mat-rush  

Liliaceae Thysanotus baueri Mallee fringe lily  

Limoniaceae Limonium companyonis Sea lavender * 

Limoniaceae Limonium sinuatum Notch leaved perennial sea 
lavender 

* 

Loranthaceae Amyema melaleucae A mistletoe  

Malvaceae Lawrencia squamata  Thorny lawrencia  

Myoporaceae Eremophila glabra Tar bush  

Myoporaceae Eremophila weldii Purple emubush  

Myoporaceae Myoporum brevipes Warty myoporum  

Myoporaceae Myoporum insulare Boobialla  

Myrtaceae Eucalyptus calcareana Nundroo mallee  

Myrtaceae Eucalyptus gracilis White mallee  

Myrtaceae Eucalyptus stoatei Scarlet pear gum  

Myrtaceae Melaleuca lanceolata Moonah  

Myrtaceae Melaleuca pauperiflora Boree  

Pittosporaceae Pittosporum phylliraeoides Native apricot  
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Family Species Common name Exotic Conservation 
status 

Primulaceae Anagallis arvensis Blue flowered pimpernel * 
Proteaceae Hakea rugosa Dwarf hakea  

Rutaceae Geijera linearifolia Sheepbush, oil bush or wilga  
Santalaceae Exocarpos aphyllus Leafless cherry  
Santalaceae Santalum acuminatum Quandong  
Sapindaceae Dodonaea stenozyga Desert hopbush  
Solanaceae Lycium australe Australian boxthorn  
Solanaceae Lycium ferocissimum African boxthorn * 
Solanaceae Solanum hystrix Afghan thistle  
Umbelliferae Bupleurum semicompositum Bupleurum * 
Umbelliferae Foeniculum vulgare Fennel * 
Zygophyllaceae Nitraria billardierei Dillon berry or nitre bush  
Zygophyllaceae Zygophyllum aurantiacum Shrubby twinleaf  
Zygophyllaceae Zygophyllum billardierei Coast twinleaf  

Table 3 - Species list of plants occurring on the site 

 
Statistics  
Total species 129 
Species exotic to Australia 43 
Australian indigenous species 86 
Eyre Peninsula indigenous species 84 
Exotics as percentage of biodiversity 35% 
Species of conservation significance 2 
  

Table 4 - Biodiversity information 

 
No single survey can capture all species found on a site, and this survey was conducted in late 
spring / early summer, so it may under-represent the winter and spring flowering annuals, 
orchids and some of the more ephemeral grasses. However the survey would adequately 
confirm the presence of perennials and the later flowering annuals. In order to address any 
shortcomings of this survey, a comparison was made between the species found in this survey 
and those found in surveys of nearby areas, or those conducted previously on the site.  
 
The first quadrat of this survey was located on a cliff top area on the western extremity of the 
study site. It was a similar quadrat to those reported by Oppermann (1999) in A Biological 
Survey of the South Australian Coastal Dune and Clifftop Vegetation, making it useful site for 
comparative purposes. There were thirty-seven (37) distinct species found in this quadrat, of 
which eight (8) were exotic species. Oppermann records that the median number of species 
for clifftop locations in Eyre Peninsula West is twenty (20), with a maximum of forty (40) 
and a minimum of five (5). Similar statistics for the next region westward (Head of Bight) are 
lower, with the median number of species being thirteen (13), the maximum twenty-two (22) 
and the minimum three (3). From this comparison, it would appear that quadrat 1 represents 
the higher end of biodiversity for clifftop sites in the region. 
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Figure 9 - Silver mulla mulla on the site 

 
Oppermann  (1999) conducted lifeform analyses along the coastline, using amalgamated data 
for all sites in each region. Such analysis may be presented as frequency (percentage of 
species present) or abundance (area of cover) data and Oppermann presented both. The 
current survey only produced frequency data, so this is all that may be compared. All species 
located on the study site were classified according to their lifeform, and the frequency 

graphed. 
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Note: MI: Mistletoes, V: Vines and twiners, X: Ferns, P: Mat plants, J: Herbaceous plants, GL: Grasses <0.5m, GT: 
Grasses >0.5m, VL: Sedges <0.5m, VT: Sedges >0.5m, H: Hummock grass, SD: Shrubs<0.5m, SC: Shrubs 0.5-1m, 
SB: Shrubs 1-1.5m, SA: Shrubs 1.5-2m, S: Shrubs >2m, KS: Low mallee <3m, KT: Mallee >3m, LB: Trees <5m, LA: 
Trees 5-10m, M: Trees 10-30m, T: Trees >30m 

Figure 10 - Lifeform analysis of the Ceduna site 
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Figure 11 - Lifeform analyses, Eyre Peninsula West to Nullabor (Oppermann, 1999) 

 
In all three of Oppermann’s graphs, the dominant lifefoms are the low shrubs, followed by the 
taller shrubs, forbs, grasses and mat plants. The current survey site contains a much larger 
percentage of forbs than Oppermann’s sites, however the overall lifeform classes and relative 
distributions are similar to her findings, with a complete lack of large trees, and a paucity of 
sedges, hummock grasses and ferns, and with the dwarf shrubbery providing the larger variety 
than the taller shrubbery. The difference may be explained by Oppermann mainly reporting 
perennial species, which would have resulted in an under representation in her graphs of 
annuals – these would have occurred largely in the forbs, mat plants and grasses classes.  
 
The comparison above suggests that the site is relatively representative of the vegetation that 
is normally found in similar sites of the region, even though some of the site has been grazed 
extensively in the past. 
 
Much of the published data for the coastal zone vegetation of the West Coast concentrates on 
dune and cliff top vegetation. Salt marsh vegetation is largely unstudied. Unpublished data is 
available on request from the Department for Environment and Heritage. Departmental staff 
(Fotheringham, pers.comm.) have recorded plants found in salt marsh areas at Laura Bay, 
Tourville Bay, Acraman Creek and Cape Missiessy. Thirteen individual site records are 
available for the four sites and the table below is a compilation of the species recorded across 
all the sites. 
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Species  Common name Distribution 
*Bupleurum semicompositum Hare's Ear <5% 
*Hymenolobus procumbens Oval Purse sparsely present 
*Parapholis incurve Curly Ryegrass <5% 
*Spergularia diandra Lesser Sand-spurrey sparsely present 
Atriplex paludosa ssp. cordata Marsh Saltbush 5-25% 
Calandrinia eremaea Dryland Purslane sparsely present 
Carpobrotus rossi Native Pigface <5% 
Crassula sieberiana ssp. tetramera Australian Stonecrop <5% 
Disphyma crassifolium  Round-leaf Pigface <5% 
Frankenia pauciflora var. fruticulosa Southern Sea-heath <5% 
Frankenia sessilis Small-leaf Sea-heath sparsely present 
Geijera linearifolia Sheep Bush sparsely present 
Halosarcia flabelliformis Bead Samphire 5-25% 
Halosarcia halocnemoides Grey Samphire 5-25% 
Halosarcia indica ssp. leiostachya Brown-head Samphire 25-50% 
Hemichroa diandra Mallee Hemichroa <5% 
Lawrencia squamata Thorny Lawrencia 5-25% 
Maireana oppositifolia Salt Bluebush 5-25% 
Nitraria billardierei Nitre-bush sparsely present 
Poa fax Scaly Poa sparsely present 
Rhagodia candolleana  Sea-berry Saltbush sparsely present 
Samolus repens Creeping Brookweed sparsely present 
Sarcocornia blackiana Thick-head Samphire sparsely present 
Sarcocornia quinqueflora Beaded Samphire 5-25% 
Sclerostegia arbuscula Shrubby Samphire >75% 
Senecio glossanthus Annual Groundsel sparsely present 
Senecio lautus Variable Groundsel <5% 
Stipa drummondii Cottony Spear-grass sparsely present 
Suaeda australis Austral Seablite 5-25% 
Threlkeldia diffusa Coast Bonefruit sparsely present 
Triglochin sp. Arrowgrass/Water-ribbons <5% 
Wilsonia humilis var. humilis Silky Wilsonia sparsely present 
Zygophyllum billardierei Coast Twinleaf <5% 

Table 5 - West Coast intertidal salt marsh species (DEH data, Fotheringham, 2004) 

 
When compared to the salt marsh species found in the current survey, 64% of the species 
recorded on the Department’s regional list were present on the Ceduna study site. Of the 
twelve species that were not recorded, the majority were specialist plants that would be 
expected only in specific habitats. For example, Samolus repens, Sarcocornia blackiana and 
some Triglochin species are found where there is an input of fresh or brackish waters, while 
Halosarcia flabelliformis has very specific soil and hydrological requirements that are not yet 
completely understood. 
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4.3 Conservation status of indigenous flora species 
Conservation significance of plants occurring on the study site was determined at a regional 
level using Department for Environment and Heritage (2002), at a State level using the 
National Parks and Wildlife Act 1972 of South Australia, Schedules 7-9, and at a National 
level using Briggs and Leigh (1996). The latter document forms the basis for listing plants 
under the Federal Environment Protection and Biodiversity Conservation Act 1999 of 
Australia.  
 
Two species present on the study site, Ixiolaena  pluriseta and Kippistia suaedifolia, have 
conservation ratings.  
 
Ixiolaena pluriseta (a plover daisy) has a rating of Rare for the State, and a status of 
Unknown for the Eyre Peninsula. According to Jessop and Toelken (1986) this species has 
only been collected from Smoky Bay to Fowler Bay, on the Nuyts Archipelago and one 
specimen from Nullabor Homestead. The plant is found principally on the calcareous sands of 
low coastal cliffs and the adjacent dunes. The specimens found in this survey were recorded 
in sampling quadrat 1, on sands overlying a low rocky clifftop.
 
Kippistia suaedifolia (fleshy miniura) has a rating of Rare for the Eyre Peninsula. It prefers to 
grow on sandhills, claypans, limestone and gypsum, and was recorded during this survey in 
quadrat 20, on the crest of the sandpit and within the pit itself. 
 
Previous surveys (EMS, 2004) reported several other species with conservation significance 
or interest. Maireana aphylla, with conservation interest due to its status of Uncommon on 
the Eyre Peninsula, was not recorded during this survey, although seven other species of 
Maireana were found. The EMS survey noted that these plants were mainly located in the 
golf course roughs, and this more recent survey did not visit the golf course. 
 

 
Figure 12 - Hemichroa diandra in a swale on Allotment 22 
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Trailing hemichroa (Hemichroa pentandra) with a rating of Rare for the Eyre Peninsula was 
not recorded in this survey, although its close relative Hemichroa diandra was a co-dominant 
in many of the quadrats surveyed. The EMS survey noted that the plants were not flowering 
during their survey. As the two species can be separated most reliably by examining the 
anthers of the flowers, it is possible that the earlier records were an estimate of the species, 
rather than a determination. 
 
Under the Native Vegetation Act 1991, the District Council of Ceduna is not exempt from the 
operation of the Act. Therefore clearance of native vegetation requires a permit. While the 
Act does not apply to any planted specimens on the block, it does apply to natural 
regeneration that is older than five years, and also applies to plants that form a wetland 
habitat, as well as to species listed as rare, vulnerable or endangered in the Schedules of the 
National Parks and Wildlife Act 1972.  The National Parks and Wildlife Act 1972 would 
provide separate protection for Ixiolaena  pluriseta should that species be found to occur on 
any land that is not freehold.  
 
The Environment Protection and Biodiversity Conservation Act 1999 of Australia includes no 
South Australian ecological communities at present. Regionally, tussock grasslands are 
considered to be Threatened on the Eyre Peninsula (DEH, 2002). 
 
Thirty-five percent (35%) of the species found on the site were weed species. This is a low 
infestation of weeds in comparison to metropolitan coastal sites, which typically average 
sixty-five percent (65%) exotics as a percentage of biodiversity. Many of the weeds were 
present in the dunal areas, while the salt marsh areas (dominated by samphires) tended to have 
a lower percentage of exotics. This is usual, and surveys of other salt marsh areas in the 
vicinity (see Table 5) suggest that in salt marsh areas the weed infestation is likely to be 
around twelve percent (12%) of the biodiversity.  
 
Acacia cyclops (the western coastal wattle) tends to provoke debate on whether its status is 
indigenous or a regional weed. The Biodiversity Plan for Eyre Peninsula states that this 
species has “a strong western distribution becoming more dominant to the west.” 
 
Another regional aberration was the presence of Eucalyptus stoatei (Scarlet pear gum) in the 
sand pit. This species of marlock has a very restricted distribution east and north-east of 
Ravensthorpe in Western Australia. The tree was quite possibly planted in its current location. 
 

4.4 Vegetation history 
Aerial photography of parts of the site is available from 1950 through to the present. This 
allows for some examination of the age of some of the mallees and larger shrubs on the site.  
 
Figure 13 reveals that many of the shrubs along the western edge of the coastal strip north of 
the existing service station have been in existence for at least fifty years. The large dune itself 
has become steadily more vegetated over that time, but at least one large mallee is still in 
evidence today that predates the earliest photograph. 
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Figure 13 - Southern coastal strip, 1950, 1968 & 2004 

 

 
Figure 14 - South-eastern hill, 1950, 1968 & 2004 

The long sloping hill at the south-eastern corner of the study area was cleared prior to 1950, 
and has been mined for sand or gravel. Mining started between 1950 and 1968. The presence 
of native tussock grasses is not unusual in areas cleared for pastoral purposes, if improved 
pastures have not been seeded over the site, and this block has excellent quantities of 
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Danthonia setacea and several types of Austrostipa still existing between a heavy infestation 
of noxious and other weeds. 
 

 
Figure 15 - Southern corner of the north-western block, 1968 & 2004 

While much of the north-western block has been cleared, the southern part of the block 
contains many large shrubs and mallees that can be identified in the 1968 photograph. The 
coastal strip shows the gradual expansion of mangrove trees. The oldest mangroves are still in 
evidence in the earlier photographs, but the woodland is now both denser and more extensive 
than it was 36 years ago. 
 

 
Figure 16 - Small dunes and dissected saltmarsh east of highway, 1968 & 2004 
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The small dune east of the highway has seen considerable growth of native vegetation in the 
denuded patch, however there are some older shrubs that are in evidence in both photographs 
– particularly towards the north of the dune and along its eastern boundary.  
 
Dense Sclerostegia arbuscula mark the drainage channels through the salt marsh. Although 
these shrubs do not attain great stature, they are a long lived species, making it quite possible 
that the individual shrubs present today have survived the changed conditions since the 
highway cut off tidal flushing. Adult samphires in general do not tend to immediately die off 
in altered hydrological conditions (McComb et al, 1995), however the reproductive success of 
the plants is impacted.  
 
In locations where the tide is prevented from flooding across a salt marsh the samphires may 
turn red (a result of increased salt content in the soil) and may produce little new spring 
growth each year, but they may survive in this parlous state for very long periods. 
 

 
Figure 17 - Northern corner of the eastern block, 1968 & 2004 

The trees currently growing along the road reserve on the north-western boundary of the north 
eastern block are only just in evidence in the 1968 photograph, however the band of tall 
shrubs and low mallees located along the southerly base of the slope were already mature. 
The effects of off-road vehicles and mining are clearly visible in the centre of the more recent 
photograph. This impact is limited in area, with the dunes along the eastern boundary of the 
block being in good condition. Many of the larger shrubs on these dunes are visible in the 
early photograph. 
 

5. Terrestrial fauna observations 
The following section details the fauna observations that occurred during this study. 
Additional information on fauna found in the vicinity has been compiled from other published 
sources. 
 
In South Australia, most vertebrate fauna is deemed ‘protected’ under the provisions of the 
National Parks and Wildlife Act 1972 of South Australia. Under this Act,  
 

“protected animal means- 
  (a) any mammal, bird or reptile indigenous to Australia; or 
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  (b) any migratory mammal, bird or reptile that periodically or occasionally 
migrates to, and lives in, Australia; or 

  (c) any animal of a species referred to in schedule 7, 8 or 9; or 
  (d) any animal of a species declared by regulation to be a species of 

protected animals, 
but does not include animals of the species referred to in schedule 10 or any animals declared 

by regulation to be unprotected.” 
 

The unprotected species (those listed in Schedule 10) are Zebra Finch (Poephila guttata), 
Budgerygah (Melopsittacus undulatus), Red Wattlebird (Anthochaera carunculata), 
Grey-backed Silvereye (Zosterops lateralis halmaturina), Galah (Cacatua roseicapilla), Little 
Corella (Cacatua sanguinea), Australian Raven (Corvus coronoides), Little Crow (Corvus 
bennetti), Australian Crow (Corvus orru cecilae), Little Raven (Corvus mellori), and Wild Dog 
(Dingo) (Canis familiaris).  
 
While most animals are protected, additional protection is provided to species considered to 
be vulnerable, endangered or rare under Schedules 7, 8 and 9 of the same Act. The 
Environment Protection and Biodiversity Conservation Act 1999 of Australia provides 
protection for those species of nationwide conservation significance. 
 

5.1 Birds  
During the site visits in late November 2004, opportunistic sightings of birds and a 20-minute 
point observation were recorded. The species are listed below, in Table 6. The days of the 
field trip were abnormally hot and windy, so the species observed were limited. Terrestrial 
birds were generally found hiding in vegetation, and water birds were usually out into the 
water as far as they could manage, or hidden in the mangroves until after sunset, where upon 
they came back onto the mudflat to feed during the cooler weather. 
 
 

Species Common name 
Anthus novaeseelandiae Richard's pipit 
Calidris canutus Red knot 
Certhionyx niger Black honey eater 
Charadrius ruficapillus Red capped dotterel 
Chlidonias hybrida Whiskered tern 
Corvus spp. Ravens 
Cygnus atratus Black swan 
Falco cenchroides Nankeen kestrel 
Haematopus fuliginosus Sooty oystercatcher 
Haematopus longirostris Pied oystercatcher 
Larus novaehollandiae Silver gull 
Larus pacificus Pacific gull 
Limosa limosa Bar-tailed godwit 
Malurus spp. Wrens (female) 
Milvus migrans Black kite 
Passer domesticus* Sparrow 
Pelecanus conspicillatus Australian pelican 
Phalacrocorax varius Pied cormorant 
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Pomatostomus superciliosus White browed babbler 
Rhipidura leucophrys Willie wagtail 
Sterna bergii Crested tern 
Sterna caspia Caspian tern 
Sturnus vulgaris* Starling 
Threskiornis molucca Sacred ibis 
Tringa nebularia Greenshank 
Tringa spp. Sandpipers 

Table 6 - Bird sightings in late November 2004 (Delta staff) 

 
Red knots were seen working the northern reefs for food, while red capped dotterels (plovers) 
were common along the sandy beaches. Sandpipers and greenshanks foraged across the sand 
flats, following the tide out. 
 

 
Figure 18 - Pelican and migratory waders 

The unprotected birds one would expect to find on the site are ravens, crows and introduced 
species. All other birds occurring on the study area and adjacent blocks are protected under 
State and Federal legislation. The conservation significance of each species is given in the 
table below, which shows all species recorded by Birds Australia within one degree of the 
study site.  
 
Members of Birds Australia have recorded 128 species of birds within the wider 1-degree 
map block surrounding the site. Ceduna is located in the northeastern corner of this block, 
which extends from Point Brown around the coast to Point Sinclair. This list is provided 
separately below. 
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Family Common Name Species name Conservation Interest 

Phasianidae Stubble Quail  Coturnix pectoralis 
Anatidae Blue-billed Duck  Oxyura australis Rare (SA NP&WS), EPBC 

Act, rare EP 
Anatidae Musk Duck  Biziura lobata Rare (SA NP&WS), EPBC 

Act 
Anatidae Black Swan  Cygnus atratus EPBC Act 
Anatidae Grey Teal  Anas gracilis EPBC Act 
Anatidae Chestnut Teal  Anas castanea EPBC Act 
Anatidae Hardhead  Anthya australis EPBC Act 
Podicipedidae Australasian Grebe  Tachybaptus novaehollandiae 
Podicipedidae Hoary-headed Grebe  Poliocephalus poliocephalus 
Sulidae Australasian Gannet  Morus serrator 
Anhingidae Darter  Anhinga melanogaster 
Phalacrocoracidae Little Pied Cormorant  Phalacrocorax melanoleucos 
Phalacrocoracidae Black-faced Cormorant  Phalacrocorax fuscescens 
Phalacrocoracidae Pied Cormorant  Phalacrocorax varius 
Phalacrocoracidae Little Black Cormorant  Phalacrocorax sulcirostris 
Phalacrocoracidae Great Cormorant  Phalacrocorax carbo 
Phalacrocoracidae Australian Pelican  Pelecanus conspicillatus 
Ardeidae White-faced Heron  Egretta novaehollandiae 
Ardeidae Little Egret  Egretta garzetta Rare SA 
Ardeidae Eastern Reef Egret  Egretta sacra Rare (SA NP&WS), EPBC 

Act, rare EP 
Ardeidae Great Egret  Egretta alba EPBC Act 
Plataleidae Royal Spoonbill  Platalea regia 
Pandionidae Osprey  Pandion haliaetus Rare (SA NP&WS), EPBC 

Act, rare EP 
Accipitridae Black-shouldered Kite  Elanus axillaris EPBC Act 
Accipitridae Black Kite  Milvus migrans EPBC Act 
Accipitridae White-bellied Sea-Eagle  Haliaeetus leucogaster Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Accipitridae Spotted Harrier  Circus assimilis EPBC Act 
Accipitridae Swamp Harrier  Circus approximans EPBC Act 
Accipitridae Wedge-tailed Eagle  Aquila audax EPBC Act 
Falconidae Brown Falcon  Falco berigora EPBC Act 
Falconidae Nankeen Kestrel  Falco cenchroides EPBC Act 
Turnicidae Little Button-quail  Turnix velox 
Scolopacidae Bar-tailed Godwit  Limosa limosa EPBC Act 
Scolopacidae Whimbrel  Numenius phaeopus EPBC Act 
Scolopacidae Eastern Curlew  Numenius madagascariensis Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Scolopacidae Marsh Sandpiper  Tringa stagnatilis EPBC Act 
Scolopacidae Common Greenshank  Tringa nebularia EPBC Act 
Scolopacidae Common Sandpiper  Actitis hypoleucos EPBC Act 
Scolopacidae Grey-tailed Tattler  Heteroscelis brevipes EPBC Act 
Scolopacidae Ruddy Turnstone  Arenaria interpres Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Scolopacidae Great Knot  Calidris tenuirostris EPBC Act 
Scolopacidae Red Knot  Calidris canutus EPBC Act 
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Family Common Name Species name Conservation Interest 

Scolopacidae Sanderling  Calidris alba EPBC Act 
Scolopacidae Little Stint  Calidris minuta EPBC Act 
Scolopacidae Red-necked Stint  Calidris ruficollis EPBC Act 
Scolopacidae Sharp-tailed Sandpiper  Calidris acuminata EPBC Act 
Scolopacidae Curlew Sandpiper  Calidris ferruginea EPBC Act 
Haematopodidae Pied Oystercatcher  Haematopus longirostris 
Haematopodidae Sooty Oystercatcher  Haematopus fuliginosus Site of international 

importance according to 
National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Recurvirostridae Black-winged Stilt  Himantopus himantopus EPBC Act 
Recurvirostridae Banded Stilt  Cladorhynchus leucocephalus EPBC Act 
Charadriidae Pacific Golden Plover  Pluvialis dominica EPBC Act 
Charadriidae Grey Plover  Pluvialis squatarola Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Charadriidae Red-capped Plover  Charadrius ruficapillus EPBC Act 
Charadriidae Double-banded Plover  Charadrius bicinctus EPBC Act 
Charadriidae Lesser Sand Plover  Charadrius mongolus EPBC Act 
Charadriidae Greater Sand Plover  Charadrius leschenaultii EPBC Act 
Charadriidae Inland Dotterel  Charadrius australis EPBC Act 
Charadriidae Hooded Plover  Thinornis rubricollis Vulnerable (SA NP&WS), 

EPBC Act, Vulnerable EP 
Charadriidae Banded Lapwing  Vanellus ticolor EPBC Act 
Charadriidae Masked Lapwing  Vanellus miles EPBC Act 
Laridae Pacific Gull  Larus pacificus 
Laridae Silver Gull  Larus novaehollandiae 
Laridae Caspian Tern  Sterna caspia 
Laridae Crested Tern  Sterna bergii 
Laridae Fairy Tern  Sterna nereis Vulnerable (SA NP&WS), 

ssp nereis vulnerable EP 
Laridae Whiskered Tern  Chlidonias hybrida 
Columbidae Rock Dove  Columba livia* 
Columbidae Common Bronzewing  Phaps chalocoptera 
Columbidae Brush Bronzewing  Phaps elegans 
Columbidae Crested Pigeon  Ocyphaps lophotes 
Columbidae Peaceful Dove  Geopelia striata Rare EP 
Cacatuidae Galah  Eolophus roseicapilla 
Psittacidae Australian Ringneck  Barnardius zonarius race zonarius 
Psittacidae Mulga Parrot  Psephotus varius 
Psittacidae Rock Parrot  Neophema petrophila Rare (SA NP&WS), rare EP 
Cuculidae Pallid Cuckoo  Cuculus pallidus 
Cuculidae Fan-tailed Cuckoo  Cuculus flabelliformis 
Cuculidae Horsfield's Bronze-Cuckoo Chrysococcyx basalis 
Tytonidae Barn Owl  Tyto alba 
Apodidae Fork-tailed Swift  Apus pacificus EPBC Act 
Maluridae Variegated Fairy-wren  Malurus lamberti 
Pardalotidae Striated Pardalote  Pardalotus striatus 
Pardalotidae White-browed Scrubwren  Sericornis frontalis 
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Family Common Name Species name Conservation Interest 

Pardalotidae Weebill  Smicrornis brevirostris race 
brevirostris 

Pardalotidae Inland Thornbill  Acanthiza apicalis 
Pardalotidae Chestnut-rumped Thornbill Acanthiza uropygialis 
Pardalotidae Yellow-rumped Thornbill  Acanthiza chrysorrhoa 
Pardalotidae Southern Whiteface  Aphelocephala leucopsis race 

maculatus 
Meliphagidae Red Wattlebird  Anthochaera carunculata 
Meliphagidae Spiny-cheeked Honeyeater Acanthagenys rufogularis 
Meliphagidae Yellow-throated Miner  Manorina flavigula 
Meliphagidae Singing Honeyeater  Lichenostomus virescens 
Meliphagidae Purple-gaped Honeyeater  Lichenostomus cratitius 
Meliphagidae White-fronted Honeyeater  Phylidonyris albifrons 
Meliphagidae Crimson Chat  Epthianura tricolor 
Meliphagidae White-fronted Chat  Epthianura albifrons 
Petroicidae Jacky Winter  Microeca fascinans 
Petroicidae Red-capped Robin  Petroica goodenovii 
Pomatostomidae White-browed Babbler  Pomatostomus superciliosus 
Neosittidae Varied Sittella  Daphoenositta chrysoptera 
Pachycephalidae Gilbert's Whistler  Pachycephala inornata Rare EP 
Pachycephalidae Golden Whistler  Pachycephala pectoralis 
Pachycephalidae Rufous Whistler  Pachycephala rufiventris 
Pachycephalidae Grey Shrike-thrush  Colluricincla harmonica 
Dicruridae Magpie-Lark  Grallina cyanoleuca 
Dicruridae Grey Fantail  Rhipidura fuliginosa 
Dicruridae Willie Wagtail  Rhipidura leucophrys 
Campephagidae Black-faced Cuckoo-Shrike Coracina novaehollandiae 
Campephagidae White-winged Triller  Lalage sueurii 
Artamidae Dusky Woodswallow  Artamus cyanopterus 
Artamidae Grey Butcherbird  Cracticus torquatus 
Artamidae Australian Magpie  Gymnorhina tibicen 
Corvidae Australian Raven  Corvus coronoides 
Corvidae Little Raven  Corvus mellori 
Corvidae Little Crow  Corvus bennetti 
Corcoracidae White-winged Chough  Corcorax melanorhamphos Vulnerable EP 
Motacillidae Richard's Pipit  Anthus novaeseelandiae 
Passeridae House Sparrow  Passer domesticus* 
Hirundinidae White-backed Swallow  Cheramoeca leucosternus 
Hirundinidae Welcome Swallow  Hirundo neoxena 
Hirundinidae Tree Martin  Hirundo nigricans 
Sylviidae Little Grassbird  Megalurus gramineus EPBC Act 
Alaudidae Rufous Songlark  Cincloramphus mathewsi 
Alaudidae Brown Songlark  Cincloramphus cruralis 
Zosteropidae Silvereye  Zosterops lateralis 
Muscicapidae Common Blackbird  Turdus merula* 
Sturnidae Common Starling  Sturnus vulgaris* 

Table 7 - Birds Australia records of birds within 1-degree block that includes study site 
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An expanded version of the Birds Australia species list, which includes the ecological 
preferences of each species is attached to this report in Appendix 4. Counts of waders, 
conducted in 1984 and 2000 by Birds Australia are provided in Table 8 below. 
 
A point of interest is the Sooty Oystercatcher numbers. It was notable during the November 
2004 site visit that while both Sooty Oystercatchers and Pied Oystercatchers were sighted 
foraging in the study area, only the Pied Oystercatcher was located further south, at Shelly 
Beach. This may be explained by the Sooty Oystercatcher’s preference for reefs, which are 
present at both extremities of the study area. Watkins (1993) lists Murat Bay as a site of 
international importance for the conservation of this species. 
 
Common Name Species name Murat Bay 

Wader Count 
(2000) 

Murat Bay 
species of 

significance 
identified during 

Wader Count 
(1984) 

Conservation Interest 

Bar-tailed Godwit  Limosa limosa 26  EPBC Act 
Eastern Curlew  Numenius madagascariensis 1  Vulnerable (SA NP&WS) 

EPBC Act, Vulnerable EP 
Common 
Greenshank  

Tringa nebularia 46  EPBC Act 

Common Sandpiper  Actitis hypoleucos 3  EPBC Act 
Grey-tailed Tattler  Heteroscelis brevipes 6  EPBC Act 
Ruddy Turnstone  Arenaria interpres 56 171 Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red Knot  Calidris canutus 38  EPBC Act 
Red-necked Stint  Calidris ruficollis 913  EPBC Act 
Sharp-tailed 
Sandpiper  

Calidris acuminata 271  EPBC Act 

Curlew Sandpiper  Calidris ferruginea 144  EPBC Act 
Pied Oystercatcher  Haematopus longirostris 29  
Sooty Oystercatcher  Haematopus fuliginosus 107 163 Site of international 

importance according to 
National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Grey Plover  Pluvialis squatarola 81 123 Site of national importance 
according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red-capped Plover  Charadrius ruficapillus 79  EPBC Act 
Banded Lapwing  Vanellus ticolor 238  EPBC Act 
Masked Lapwing  Vanellus miles 6  EPBC Act 

Table 8 - Birds Australia wader counts in Murat Bay, 1984 & 2000 

5.1.1 Possible impacts on bird life 
Waders harvest food from the tidal flats. Each bird species has a particular preference – those 
with heavy beaks, such as Oystercatchers, can split open bivalve shells and would use the 
mussel top reefs as their major food source. Others, with more slender beaks, probe the sand 
flats for polychaete worms, sipunculids or small crustaceans. Those with longer beaks are 
able to obtain organisms that move deep within the sand, while the shorter beaked birds are 
restricted to those organisms that live close to the surface. These specific ecological 
preferences mean that the impacts of any development will vary, depending on the species 
involved. 
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The areas of possible impact could include: 

− the construction of a boating channel and groynes may alter the flushing and draining 
patterns of the sand flats, resulting in some areas becoming better drained (near the deep 
channel) and therefore firmer, while other areas may drain less well (the newly formed 
‘pockets’ where the groynes meet the beach) and therefore may become hypoxic. The 
texture of the sand flats is quite likely a determining factor in which species of 
invertebrates inhabit the benthos. This has implications on the availability of appropriate 
food sources for migratory waders, 

− the increased usage of the sand flats as boats enter and leave the marina may disturb the 
more sensitive species of birds, and 

− the Sclerostegia arbuscula chenopod shrubland present in the stranded dissected salt 
marsh currently provides habitat for many small birds such as Thornbills and Chats, and 
these birds do not utilise deep waterways as habitat. 

 

5.2 Reptiles and amphibians 
The sandy areas (dunes and ridges) of the site contained large numbers of small painted 
dragons (Ctenophorus pictus) that ran rapidly for shelter under thorny bushes as they were 
approached. In the early morning the sandy sections of the site showed tracks of small snakes 
and lizards. As well as the live lizards noted in the following table, a jaw of a sleepy lizard 
was found, several lizard holes were noted and a scat from a large lizard that contained plant 
materials, beetle elytra and white snails was recorded. 
 

Common name Family: Species 
Painted dragons Agamidae: Ctenophorus pictus 
Sleepy lizards Scincidae: Tachydosaurus rugosus 
Small skinks Scincidae 

Table 9 – Lizards sighted 

 

  
Figure 19 - Snake and lizard tracks 

 
No amphibians were sighted or heard during the site visit. This is not surprising given the 
salty and dry nature of much of the site. It is possible that some amphibians may occur in 
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winter in the area near the BP service station where a soak apparently exists. The soak was 
not evident to the consultants who undertook this visit. 
 

5.3 Mammals 
During the site visit a fox (Vulpes vulpes) was sighted and fox tracks and a hole were located. 
Several rabbits (Oryctolagus cuniculus) were seen, a scrape was located and their dung was 
widespread. The remains of a sheep (Ovis aries) and quantities of old sheep dung suggest that 
it may be some time since sheep were grazed on the site. Fresh horse tracks (Equus caballus) 
were also recorded. 
 
Wallaby tracks were found on the rocky headland to the northwest of the site. 
 
Conservation reserves in the district support populations of spinifex hopping mice (Notomys 
mitchelli) and echidnas (Tachyglossus acculeatus). It is possible that the dunal elements to the 
north and north west of the site may support these species. Other mammals that may possibly 
be found in the less disturbed portions of the site include the fat tailed dunnart (Sminthopsis 
crassicaudata), little long tailed dunnart (Sminthopsis dolichura), western pygmy possum 
(Cercatetus concinnus), western grey kangaroo (Macropus fuliinosus), and several species of 
bats. Strahan (1995) suggests that the area marks the western extremity of the eastern 
population of the southern forest bat, Vespadelus regulus.  
 

5.4 Terrestrial invertebrates 
During the vegetation survey, any invertebrates that were present were noted. Several sweeps 
were also made during the late morning, in a sunny period with a light to moderate wind. 
Additionally a night time light trap was used to determine the range of nocturnal insects 
present.  
 
The weather during the site visit was hot, with a northerly wind blowing. In the day-time the 
small bush flies (Musca vetustimma) were in pestilential proportions, and at night they were 
replaced by the flying stages of termites in similar proportions.  The other insect attracted to 
the light trap at night in large numbers was a small grey and white moth, probably 
Protolechia sp. Many small wasps were visible in the day time, and spiders were harvesting 
these in webs strung across the samphires and smaller shrubs. 
 
Invertebrates are not protected under the National Parks and Wildlife Act 1972 of South 
Australia. However, some South Australian butterfly species are listed under the federal 
government’s Action Plan for Butterflies (Sands and New, 2002), a document developed 
under the provisions of the Environment Protection and Biodiversity Conservation Act 1999 
of Australia. According to the Biodiversity Plan for Eyre Peninsula (DEH, 2002) the butterfly 
groups most likely to contain threatened members are the Skippers, Coppers and Blues. The 
latter two groups require the attendance of specific any species as well as habitat containing 
their food, making them particularly vulnerable to ecological disturbance.  
 
The Dinosaur ant (Nothomyrmecia macrops) does not have protection under legislation but is 
only known from seventeen sites on the Eyre Peninsula. It inhabits patchy stands of mallee, 
including Eucalyptus gracilis (present on the site). While no dinosaur ants were observed, this 
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was expected as the ant is nocturnal. No honey trapping was conducted as the night time 
temperatures were too high. The ants only forage when the temperature drops to less than 15-
18oC (DEH, 2002). 
 
Common name Order:Family:Species Day-time 

sweeps & 
observations 

Night 
trap 

Insects    
Black longicorn beetles Coleoptera: Cerambycidae x  
Ladybirds Coleoptera: Cocinellidae x  
Brown scarab beetles (many) Coleoptera: Scarabaeidae  x 
Dragonflies (large grey blue) Odonata: Libellulidae: poss. Orthetrum sp. x  
Wanderer butterfly Lepidoptera: Nymphalidae: Danaus plexippus x  
Lesser wanderer butterfly Lepidoptera: Nymphalidae: Danaus chrysippus x  
Orange/brown butterfly Lepidoptera: Nymphalidae x  
Caper white butterfly Lepidoptera: Pieridae: Anaphaeis java x  
Skipper butterflies Lepidoptera: Hesperiidae x  
Blue butterflies on melaleucas Lepidoptera: Lycaenidae x  
Case moth Lepidoptera: Psychidae:poss Hylarcta sp. x  
Feather wing moths Lepidoptera: Cosmopterigidae  x 
Small grey/white moths (many) Lepidoptera: Gelechiidae: prob Protolechia sp.  x 
Termites (winged queens) (many) Isoptera:   x 
Green tree hopper Hemiptera: Membracidae: Sextius virescens x  
Brown & white bugs Hemiptera: Lygaeidae  x 
Stink bug Hemiptera: Pentatomidae  x 
Burrowing bug Hemiptera: Cydnidae  x 
Cotton cushion scale Hemiptera: Margarodidae x  
Native bee with blue stripes Hymenoptera: poss Anthophoridae x  
Meat ants Hymenoptera: Formicidae: Iridomyrmex sp. x  
Large inch ant black rear, red body and 
yellow jaws 

Hymenoptera: Formicidae: Myrmecia sp. x  

Flying ant Hymenoptera: Formicidae  x 
Large black/orange heavy built potter 
wasp 

Hymenoptera: Vespidae x  

Irridescent green small wasps Hymenoptera x  
Small yellow wasps Hymenoptera x  
Almost microscopic wasps Hymenoptera: poss Diapriidae  x 
Hoverflies Diptera: Syrphidae x  
Wait-a-while flies (bush flies, eye flies) Diptera: Muscidae: Musca vetustimma x x 
Big blue-bottle flies Diptera: Calliphoridae x  
Long-leg flies Diptera: Dolchopodidae  x 
Black biting flies Diptera: Tabanidae x  
Eucalyptus gall midges Diptera: Cecidomyidae x  
Antlions Neuroptera: Myrmeliontidae x  
Bush crickets Orthoptera: Gryllidae x  
Spiders    
Mexican hat spiders Araneae: prob Stiphiidae x  
Sac spider Araneae: Miturgidae x  
Garden orb, or wheel weaver spider Araneae: Araneidae: Eriophora transmarina x  
Green jumping spider Araneae: Salticidae x  
Flower spider Araneae: Thomisidae x  
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Common name Order:Family:Species Day-time 
sweeps & 

observations 

Night 
trap 

Other arthropods    
Small red mites Acarina x  
Scorpion hole Scorpionida x  
Gastropods    
White snails Molluca: Helicidae: Cernuella vestita* x  
Small snails Molluca: Helicidae: Cochlicella acuta* x  

Table 10 - Terrestrial invertebrates recorded on the site 

 

 
Figure 20 - Spider webs catching the many small flying wasps 

6. Intertidal flora and fauna 
This study examined only the intertidal zone of the study area. Subtidal areas (those covered 
by water in the photograph below) were not observed. 
 

6.1 Observations 
The study site is a sheltered, calm water coast, and the majority of the bay is taken up by wide 
sand flats, with rocky platforms confined to the southern and northern extremities. A series of 
observations was recorded for the intertidal zone. The locations of these observations are 
shown in Figure 16, over the page.   
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The rocky portions of the site are dominated by Hormosira banksii, with small quantities of 
other brown macroalgae. The tubeworm Galeolaria is often present on these rocky sections, 
along with ribbed top shells, conniwinks and beaked mussels. 
 
Musseltop reefs, formed by the growth of beaked mussels over limestone or coffee-rock, 
project out from the shore towards the sandy flats. These are sometimes edged with 
Hormosira banksii and Enteromorpha intestinalis. 
 
The sand flats themselves vary. There are firm areas of bare sand, large zones of soft sand 
with beds of Zostera and Ruppia, and some firm sand areas supporting Hormosira beds. The 
tidal flat version of Hormosira has larger, spherical vesicles (Womersley, 1984) when 
compared to the same alga growing on the reefs. Few other plants are present. Evidence of 
sand snails and benthic worms is common. Some areas appear to contain slightly hypoxic 
sediments, evidenced by the grayish colouration of the underlying sands, but these areas also 
contain evidence of worm habitation, suggesting that these zones may be organically 
enriched. Where clean sand occurs in rear reef pools, Pinna bicolor can be found.  
 

 
Figure 21 - Observation points in the intertidal zone 

 
At each observation point the location was recorded using a GPS, and a note made of the 
species present and any geomorphological features.  
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Comments 

1 373882 6446949   Y    Y    Dense Zostera muelleri and Ruppia bed heading SE 
from location 

2 373838 6446918   Y    Y    Dense Zostera and Ruppia bed, firmer on higher 
part of sandbar 

3 373724 6446837    Y Y     Y Muddy rock reef with mussels and Hormosira 
4 373704 6446788   Y        Large Ruppia bed with some Zostera, short billed 

migratory shorebirds feeding 
5 373646 6446773          Y Musseltop reef 
6 373612 6446789   Y Y       Hormosira bed with small amounts of green and 

brown macroalgae, Zostera in gaps 
7 373603 6446810   Y        Dense long Zostera bed stretching in to shore, 

pebble crabs 
8 373644 6446822       Y    Razorfish in reasonably clear sand 
9 374552 6446040 Y Y         Sarcocornia with half a dozen mangroves 

10 374552 6446059  Y         Small patch of Sclerostegia arbuscula, seaward of 
mangroves 

11 374506 6446052    Y Y      Seaward of samphires - Austrocochlea, Ostrea, 
Hormosira, Galeolaria 

12 374512 6446071     Y Y     Patch of black rocks within reef area 
13 374523 6446126   Y    Y    Tiny blades of Zostera/Ruppia protruding through 

sand in patches about 50cm across 
14 374511 6446138    Y Y Y    Y Hormosira topped with cast seaweed and some 

exposed patches of musseltop reef 
15 374588 6446134 Y Y         Area of Sarcocornia, Suaeda, Sclerostegia with a 

dozen small scattered mangroves 
16 374559 6446213    Y   Y    Wide sandy bay with Hormosira beds on locations 

16 and 17 
17 374580 6446227    Y   Y    Wide sandy bay with Hormosira beds on locations 

16 and 17 
18 374567 6446256        Y Y  Area of sulfidic grey sand with wormholes, 

approximately 6m x 12 m across 
19 374538 6446307     Y     Y Musseltop reef with Hormosira on Locations 19 and 

20 
20 374511 6446325    Y Y      Musseltop reef with Hormosira on Locations 19 and 

20 
21 374527 6446358     Y      Areas of bare coffee-rock reef 
22 374481 6446421       Y Y Y  Beach, small protruding rocks run north to next 

point, sulfidic areas with worms, approx 50m long 
near channel 

23 374468 6446439       Y Y Y  Second sulfidic patch, occurring on megaripples 
intersecting northerly reef 

24 374423 6446517     Y     Y Exposed coffee-rock with musseltop surround along 
waterline 

25 374437 6446536     Y     Y Low reef seaward all musseltop, lots of patches of 
coffee rock, many Bembicium & Nerita 

26 374456 6446563  Y         Sarcocornia 
27 374465 6446572 Y Y         Suaeda inland to mangroves & Sclerostegia, which 

start at GPS location 

Table 11 - Intertidal zone observations 
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Figure 22 - Pinna bicolor in a rear reef pool 

 
Figure 23 - Pebble crab and brown algae in rear reef pool 
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6.2 Benthic surface quadrats 

 
Figure 24 - Benthic quadrat and core locations 

To obtain baseline information on the inhabitants of the sand flats a transect was laid across 
the intertidal zone. At twenty (20) locations a quadrat was placed, and a record was made of 
the numbers of worm holes, snail trails, vegetation or visible animals.  
 

 
Figure 25 - Shorebirds and protruding polychaete worm tubes 

EMS-CED-001-PC/FC  Page 42  



Delta  Ceduna Marina Biodiversity Survey 

 
As with the observations recorded in the previous section, the presence of slightly hypoxic 
sediments was linked to apparently larger numbers of worm holes. The largest numbers of 
worm holes were located in quadrats nearer the centre of the sampling transects, while snail 
trails were located towards the edges of the transect. 
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Comments 

1 374462 6446431 0 0 0   Just bird dabbles & a half buried anemone nearby 
2 374434 6446455 32 0 0   Sand black under the surface 
3 374409 6446482 84 0 0   Cymatiella leseuri (Leseur's sand whelk) in quadrat, lives on 

intertidal reef & eats compound ascidians 
4 374385 6446507 0 28 40   Brachiodontes rostratus (Beaked mussel) and Austrocochlea 

constricta (Ribbed top shell) on small rocks protruding 
through sand 

5 374356 6446535 0 0 0 Yes  Very shelly under the surface rippled sand, small patches of 
Zostera mucronata protruding above sand on larger bars 

6 374316 6446569 44 0 0 Yes Yes About 6% coverage with Zostera mucronata with small 
amounts of Ruppia tuberosa between Zostera tufts 

7 374291 6446594 4 0 0 Yes Yes Zostera mucronata with small amounts of Ruppia tuberosa 
between Zostera tufts 

8 374263 6446620 116 0 0   Sand soft, slightly greyish under the surface 
9 374233 6446650 176 0 0   

10 374209 6446674 224 0 0   
11 374181 6446702 56 0 0   
12 374150 6446729 108 0 0   
13 374122 6446755 88 0 0   Small rock nearby with large beaked mussels 

(Brachiodontes rostratus) 
14 374099 6446789 96 0 0   
15 374069 6446814 84 80 0   Many snail tracks, estimated number as they intersect and 

overlap 
16 374039 6446838 40 12 0   Birds following the tide, further out 
17 374010 6446867 32 0 0 Yes  Small lengths of Zostera mucronata protruding from the sand
18 373991 6446891 32 0 0   
19 373962 6446911 8 8 0   
20 373944 6446931 8 80 0   Many of the snail trails were short circular tracks, with a few 

longer tracks 

Table 12 - Intertidal quadrats 

 

6.3 Benthic cores 
A benthic core of 500 cm3 was extracted from under each of the twenty (20) quadrats, and 
returned to base for sieving and processing. 
 
The benthic cores confirmed the surface observations, returning greater numbers of organisms 
in those cores taken from the centre of the transect line. The majority of the organisms were 
polychaete worms and peanut worms (sipunculids), however the cores also contained 
numbers of gastropods, bivalves, crustaceans and ribbon worms. 
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   Polychaetes Gastropods Bivalves Sipunculids Crustacea Nemertea Total 
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1 374462 6446431 2                2 
2 374434 6446455 3                3 
3 374409 6446482 2                2 
4 374385 6446507  4 1              5 
5 374356 6446535  1   1            2 
6 374316 6446569 1 2  2 1 1     1      8 
7 374291 6446594  4     1          5 
8 374263 6446620  3  1             4 
9 374233 6446650  5         2 3     10 

10 374209 6446674        1   3  2    6 
11 374181 6446702  1         4  1 1   7 
12 374150 6446729  2         1 2   1  6 
13 374122 6446755  1         2      3 
14 374099 6446789  1         4      5 
15 374069 6446814  1               1 
16 374039 6446838          1 1      2 
17 374010 6446867  2         1      3 
18 373991 6446891 1 4               5 
19 373962 6446911 1 2       3 1      1 8 
20 373944 6446931         2  1      3 

Table 13 - Intertidal benthic cores 

 

6.4  Intertidal species – ecological notes 
The north western extremity of the site contains several reefs that form fish traps. From the 
headland it was possible to observe fish in these areas as the tide went out. Mullet, whiting 
and black finned rays were sighted in the shallows. 
 
Amalgamated lists of all recorded fauna and flora of the intertidal zone, as well as notes on 
their ecological preferences, is presented in the following two tables. 
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Group Species Common 

name 
Ecological preferences (MacPherson & Gabriel (1962), 
Shepherd & Thomas (1989), Hale (1976)) 

Polychaete 
worms 

Australonereis 
ehlersi 

Bait worm Estuarine conditions, hunts from shelter of tough but limp sandy tube

 Galeolaria 
caespitosa 

Tubeworms On hard substrates such as coffee-rock and limestone 

 Nephtys 
australiensis 

A polychaete Prefers muddy sand, burrows actively using pharynx, associated 
with seagrass beds 

 Olganereis 
edmondsi 

A polychaete Lives in intertidal sandy areas in a gelatinous sandy tube, only 
recorded in SA 

Gastropods Austrocochlea 
constricta 

Ribbed top 
shell 

Variety of habitats on low to medium energy coastlines 

 Batillaria sp. Mud whelk Sand and mud flats, feeds by crawling just under the surface 

 Bembicium 
melanostomum 

Dark mouthed 
conniwink 

Prefers sheltered bays and mangrove swamps 

 Cerithiopsidae Little creeper Almost microscopic small shells, no ecological details 

 Clanculus 
plebejus 

A clanculus Littoral reefs in calm waters 

 Cymatiella 
leseuri 

Leseur's sand 
whelk 

Intertidal reefs, eats anemones and ascidians 

 Diloma sp. A periwinkle Rocks and weeds in littoral pools 

 Lepsiella 
flindersi 

Flinder's 
lepsiella 

Found in association with Galeolaria, mussels and barnacles, its 
food source, on littoral reefs 

 Mitrella 
lincolnensis 

Dove shell Found on algae or crawling on the surface in the shallows 

 Nerita 
atramentosa 

Black nerite Littoral and supralittoral reefs 

 Salinator sp. Air breather, 
sand snail 

Samphire and mangrove flats as well as back dune swamps 

Bivalves Brachiodontes 
rostratus 

Beaked 
mussel 

On "mussel-top" reefs in upper and mid littoral zone, small bivalve 
Kellia australis always associated (not observed) 

 Katelysia 
scalarina 

Stepped 
venerid 

Sandy shores, lower littoral 

 Ostrea sp. Oyster On rocky reefs, mid littoral 

 Pinna bicolor Razorfish In soft sand 

 Solemya 
australis 

Southern date 
shell 

Burrows in mud or sand in sublittoral zone 

Sipunculids Phascolosoma 
noduliferum 

A peanut 
worm 

In sand or embedded in Galeolaria colonies 

 Themiste sp. A peanut 
worm 

Gut contents: sand, shell particles and marine plant detritus 

Crustaceans Callianassidae 
sp. unk 

Sand borer 
shrimp 

Muddy sand flats 

 Gammaridea 
sp. unk (1) 

Sea louse Intertidal sand, detrital feeders 

 Gammaridea 
sp. unk (2) 

Sea louse Intertidal sand, detrital feeders 

 Philyra laevis Pebble crab Amongst brown algae in shallow pools 

Nemertean 
worms 

Nemertea sp. 
unk 

Ribbon worm Burrows in soft sediments of intertidal zone 

Bryozoans Unknown sp Lace coral In shallow back-reef pools  

Table 14 - Intertidal fauna list, with ecological preferences 
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Phyla Order Family Species Common 

name 
Comments 

Cyanophyta  Rivularia sp. Blue green 
colonies 

Attached to rocks 

Phaeophyta Fucales Cystoseiraceae Cystoseira trinodis Common in estuaries and sheltered 
rear-reef pools 

  Scaberia agardhi Cast specimen from deeper water 
  Sargasaceae prob Sargassum 

verruculosum 
In sheltered rear-reef pools 

  Hormosiraceae Hormosira banksii 
forma banksii 

Neptune's 
necklace 

On sheltered platforms or musseltop 
reefs in sandy/muddy tidal flats 

 Ectocarpales Ectocarpaceae Unknown species In sheltered rear-reef pools 
Rhodophyta Cryptonemiales Corallinaceae Unknown species 

of coralline algae 
On other macroalgae 

Chlorophyta Ulvales Ulvaceae Enteromorpha 
intestinalis 

Green guts On reefs and platforms 

Magnoliophyta Potamogetonales Zosteraceae Zostera 
mucronata 

Eel grass Sandy/muddy intertidal flats 

  Zostera muelleri Eel grass Sandy/muddy intertidal flats 
  Potamogetonaceae Ruppia tuberosa Sea tassels Sandy/muddy intertidal flats 

Table 15 - Intertidal flora list, with ecological preferences 

 

6.4.1 Possible impacts in the intertidal zone 
Impacts to the intertidal zone may result from developments that alter the geomorphic and 
hydrological aspects of the bay: 

− the construction of a boating channel may alter the flushing and draining patterns of the 
sand flats, resulting in some areas becoming better drained (near the deep channel) and 
therefore firmer, drier and better oxygenated. The texture of the sand flats is quite likely a 
determining factor in which species of invertebrates inhabit the benthos, so this type of 
habitat change could be reflected by a change in the species of invertebrates occupying the 
benthos. 

− where groynes meet the beach the newly formed ‘pockets’ may drain less well, and may 
accumulate seaweed and seagrass wrack. This could result in the sediments becoming 
softer, organically enriched and more hypoxic. If accumulation is minor, the benthos may 
become dominated by species that can tolerate such conditions. If accumulation is major, 
the rotting organics could produce hydrogen sulfide gases. This has ecological effects, as 
H2S can cause the death of benthic organisms, and aesthetic/health effects on air quality. 

 

7. Site usage history 

7.1 Aerial photography review 
Earliest aerial photography (Survey 49, 1950) covers only the southern portion of the study 
site. The south eastern part of Allotment 20, including the long sloping hill at the south-
eastern corner of the study area, was cleared prior to 1950, with small stands of trees and 
shrubs remaining and leaving the current samphire shrub land uncleared. The main highway 
was constructed prior to 1950, although not sealed, and the samphire swamp on the claypan 
was probably cut off from the tide at this time.  
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Wood (2004) specifies that a midden is located in the sandhills north of the BP service 
station, and a burial ground is reputed to be located on the small ridge in the stranded 
saltmarsh, north of the current border checking station. Both of these areas are visible in this 
early photograph and show signs of disturbance, with narrow tracks leading to and around 
them.   
 
By 1968 (Survey 1115) some form of mining was occurring on the south eastern corner of the 
study site. The Town Camp location was well serviced by tracks and there were several large 
trees in evidence. Some disturbance, in the form of a rectangular track, appears to be 
occurring along the old drainage channel from the saltmarsh. This is reputedly where a natural 
soak occurs. A track, or possibly a fenceline, runs diagonally across the stranded saltmarsh, 
from the south eastern hill slope. The northern part of Allotment 20 has a small pit, possibly 
mining of materials for road base. The trees on the ridge at the northern extremity of the 
stranded saltmarsh appear to be in good condition. 
 
A small building is present on the northern block (Allotment 22), which is only partially 
cleared (mainly in the north) and contains good stands of trees. Section 197 shows evidence 
of tracks, and may be grazed, but has not apparently been cleared. 
 
The 1972 photograph (Survey 1399) shows the entire site. Dumping of fill appears to be 
occurring along the old drainage channel from the saltmarsh. There are buildings where the 
roadhouse currently is located, and a building at the current location of the border checking 
post.  
 
By 1979 (Survey 2401) some form of mining appears to be occurring in the sourthern part of 
Allotment 22. The south eastern corner of Allotment 20, adjacent to the pit, shows evidence 
of some type of light cultivation, possibly the placing of improved pasture. Further 
development of the road house is visible and there appears to be an extension of the filled area 
in the southernmost corner of the stranded saltmarsh. 
 
Survey 4532, flown in 1992 is in colour. Continued expansion of the southern filled area is 
visible. 
 
The photographs show that the most northerly and south easterly portions of the study area 
were cleared in the past, however the remainder of the site has only been either lightly cleared 
or not cleared but simply grazed. The portions of the block that were cleared are visible in the 
present vegetation associations as predominantly D3M: mid-dense tall sod grassland, F2S: 
open mid-high forbland and G2S: open tussock grassland. 
 

7.2 Land tenure review 
The study area is shown on the original diagram book drawing (attached in Appendix VII – 
Diagram book) as parts of the larger Sections 13 and 35, along with several pieces of coastal 
reserve. The land is now denominated as Allotment 22 DP 53902, Allotment 20 DP 55492, 
Allotment 593 FP 180625, Parts of Section 197, Parts of Section 265 and a portion of seabed. 
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Figure 26 - Cadastral information on study area 
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7.2.1 Coastal reserve 
The coastal reserve along the northern portion of the study site was deemed to be Section 197 
in 1972 and granted as a land grant (LG 3969/65) to the Aboriginal Lands Trust. In 1980 it 
was leased to the Far West Aboriginal Progress Association for a term of 99 years. The lease 
was surrendered in 1991 and a new lease to the Yarilena Community Incorporated was issued, 
with an expiry date of 2016. In 1998 a new title (CT 5580/764) was issued. 
 
The coastal reserve along the southern portion of the site was unallocated crown land until 
2000 when a new Crown Record was created (CR 5768/868) and Section number 265 was 
allocated to the land. This land is under the care and control of the Minister for Environment 
and Conservation. 
 

7.2.2 Section 35 
Section 35, which included the land now forming Allotment 20 and the Town Camp, was held 
as an undated Miscellaneous lease by George Edward Fleetwood, farm labourer until 1903 
when Act 830 of 1903 allowed for the creation of Perpetual Lease 11408. In 1928 the lease 
was transferred to Leo Bernhardt Hughes, farmer. In 1951 the land was transferred to Kenneth 
Allen Schiverz, also a farmer. Schirvarz partially surrendered the lease in 1963, and 
transferred portion of the lease to Eric Leslie Baumann in 1965.  
 
In 1968 a new Crown Lease was issued, for all of Part 230, to Water Karl Obersen, service 
station owner. In 1969 the lease was transferred to Vytuatus Vincentas Patupas, road house 
proprietor, with the mortgage held by Water Karl Obersen.  
 
In 1970 tile for the land was issued (CT 3684/191) with an encumbrance on it to ESSO 
Australia Pty Ltd, then was transferred to Water Karl Obersen and finally transferred to 
Maxwell Robert Christie, Branch Manager. In 1971 the title was apportioned between 
Vytuatus Vincentas Patupas and Maxwell Robert Christie.  
 
In 1973 portions of the land were discharged from encumbrances, new titles were issued 
(CT’s 4007/699, 4007/700, 4007/701 and 4007/702) and a portion was transferred to the 
Minister for Agriculture (CT 4007/698, replaced by CT 5735/114) for the border checking 
station.  
 
In 1998, 4007/702 was reissued as CT 5657/128. In 2000 this title and the others forming Part 
230 were amalgamated as CT 5830/129 (with the land now denominated as Allotment 20) and 
transferred to the District Council of Ceduna, with a caveat by Ceduna Marina Development 
Co Pty Ltd. 
 

7.2.3 Section 13 
Section 13 was a very large section, of which the current Allotment 22 is only a small part. In 
1921 an agreement for sale was entered into, between the Commisioner of Crown Lands 
(George Laffer) and Walter Henry Sedgley and Harold Thomas Sedgley, farmers and 
graziers. In 1945 Harold Sedgley died. In 1952 Land Grant 2214/182 was issued to Walter 
Henry Sedgley, butcher and grazier. In 1957 the land was transferred to Ronald Alex Kies and 
in 1962 it was transferred to his widow, Viola Elsa Kies. Seven years later the land was sold 
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to Laurence Leopold and Erna Alvira Hoffrichter (farmers), with a caveat by the South 
Australian Railways Commissioner.  
In 1970 the land was transferred to Gilbert Wilfred Anderson and Yvonne Cherie Anderson, 
who leased it back to the Hoffrichters as a 10 year lease. Yvonne Cherie Anderson transferred 
her moiety to Gilbert Wilfred Anderson in 1975. A portion of the land was transferred to 
South Australian Railways as CT 3683/100. 
 
The land was divided in 1978, with portions being transferred to Richard Swinburne Jolly and 
Helen Fraser Fell (CTs 4139/17 and 4139/16), amongst others, while Gilbert Wilfred 
Anderson retained what was now Allotment 7 of Section 13, as CT 4139/23. Numerous 
railway easements were negotiated over the next few years, before the title was reissued as 
CT 4157/438 in 1980. In 2000 the title was computerised and reissued as CT 5491/351. The 
title was cancelled and transferred as a Crown Lease to the District Council of Ceduna. In 
2003 a new title CT 5906/567 was issued to the District Council of Ceduna subject to 6 
railway easements and a caveat by Ceduna Marina Development Co Pty Ltd. 
 
A land tenure summary is attached to this report in Appendix V – Land ownership summary, 
and copies of the results of LTO searches are attached in Appendix VI – Land tenure 
documents. 
 

8. Interaction with airport 
The proposed development is located on a site that varies from between 2 and 4 kilometres 
from the Ceduna airport. Birds can pose a flight hazard near airports, and some sorts of 
developments may attract large numbers of birds. The twenty most dangerous birds, 
according to the Australian Transport Safety Bureau (2002) are the following: 
 
Species Number of strikes (1991-

2001) 
% resulting in 

damage to aircraft 
% having effect on 

planned flight 
Composite hazard 

ranking 
Eagle 38 55.3 13.2 1 
Ibis 39 41.0 17.9 2 
Duck 52 26.9 19.2 3 
Bat 72 25.0 13.9 4 
Galah 154 17.5 14.9 5 
Gull 136 15.4 3.7 6 
Kite 90 14.4 4.4 7 
Hawk 156 12.8 5.1 8 
Pigeon 53 16.9 0 9 
Owl 19 5.3 10.5 10 
Lark 16 12.5 0 11 
Starling 17 11.8 0 12 
Magpie 117 5.1 5.9 13 
Plover 143 6.9 2.8 14 
Curlew 31 9.7 0 15 
Peewee 18 0 5.6 16 
Falcon 18 0 5.6 17 
Swallow 66 4.6 0 18 
Kestrel 92 1.1 0 19 
Sparrow 38 0 0 20 
N.B. Due to the nature of birdstrike reporting, general terms are often used to identify the species of bird struck. 
Therefore, a number of sub-species may be listed under the one common generic name.  

Table 16 - Bird strike hazards (ASTB, 2002) 
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The main hazard appears to be confined to those larger birds that fly in open areas, or that 
flock. Developments that encourage the presence of ibis, ducks, galahs and gulls would 
appear to be the most likely to increase the risk of bird strike at an airport.  
 
The existing site is an important wading bird site, and the proposed marina is not likely to 
increase the numbers of these birds. However, changed land use may attract other species in 
larger numbers. 
 
Open areas of fresh and brackish (as opposed to saline) wetlands are likely to attract birds 
such as ducks, ibis and egrets. The evaporation rate at Ceduna is unlikely to permit the 
development of fresh to brackish wetlands in anywhere other than soaks or in infrastructure 
areas such as sewage treatment facilities. At Ceduna the town’s sewage effluent ponds are 
located between the development and the airport, and increased numbers of houses and 
businesses will result in increased capacity requirements for the WWTP works. The 
expansion of the WWTP may result in a larger area of fresh water lagoons being available for 
ducks, ibis and egrets. 
 
Galahs may be attracted to open parks and gardens if the grasses include weed species such as 
guildford grasses (Romulea spp.) and Erodium sp. (crane’s and stork’s bills). They also prefer 
areas where cover is kept less than 15 cm tall.  
 
Open flat areas may provide roosting areas for gulls. Gulls are a particular problem as they 
are scavengers, and will move to new developments to scavenge from parks, bins, the outside 
of food processing plants and shopping centres. Gulls tend to be attracted to fishing vessels, 
and may be attracted to the marina if it is developed as a commercial fishing centre. Besides 
being attracted to the development itself, gulls may be attracted to the local support 
infrastructure. At Ceduna the rubbish tip is located between the proposed development and 
the airport, and increased numbers of houses and businesses will result in increased usage of 
the tip. Unless the expansion of the tip is managed carefully, larger exposures of waste may 
occur, and these may attract gulls. 
 

9. Concluding summary  

9.1 Current state of vegetation  
Reassess the current state of vegetation on the non-tidal (terrestrial) subject area, and 
describe the possible impacts of any development on this vegetation.  
 

The site has several morphological terrestrial vegetation units that occur from the landward 
edge of the intertidal zone, through salt pans, dunes and cheniers. These are represented in the 
map in Appendix I – Vegetation associations. 

 
The plant associations in the surveyed morphological units are: 
• C1D: Closed dwarf chenopod shrubland in the intertidal area, dominated by Sarcocornia 

quinqueflora and Suaeda australis. This habitat is in good condition and covers 
approximately 1.3 percent of the study area, or 2.4 hectares. 
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• C2M: Mid-dense low chenopod extratidal shrubland dominated by Halosarcia pruinosa, 
H. pergranulata, and H. halocnemoides often with Hemichroa diandra as a sub-
dominant. This habitat is within the stranded saltmarsh and covers approximately 19.1 
percent of the study area, or 34.5 hectares. 

• C3S: Open mid-high chenopod shrubland dominated by Atriplex spp., Maireana spp. 
and/or Frankenia spp. often with an understorey of Hemichroa diandra. This habitat is 
within the stranded saltmarsh and covers approximately 11.2 percent of the study area, or 
20.1 hectares. 

• C4D: Closed tall chenopod shrubland in the supratidal area, dominated by Sclerostegia 
arbuscula. This habitat is in good condition and covers approximately 0.4 percent of the 
study area, or 0.6 hectares. 

• D3M: Mid-dense tall sod grassland dominated by anthropogenic grasses. This habitat 
covers approximately 6.6 percent of the study area, or 12 hectares. 

• F2S: Open mid-high forbland dominated by Ward’s weed interspersed with scattered 
chenopods (Sclerolaena spp.and Salsola kali). This habitat is dominated by a weed that is 
indicative of overgrazing (Mitchell & Willcox, 1998) and covers approximately 3.1 
percent of the study area, or 5.6 hectares. 

• G2S: Open tussock grassland dominated by Austrostipa spp. and Danthonia setacea. This 
habitat covers approximately 11.2 percent of the study area, or 20.3 hectares. 

• S3S: Open mid-high shrubland on dunes and shelly ridges with Geijera linearifolia, 
Olearia spp., Acacia spp. and Pittosporum phylliraeiodes. Isolated tall shrubs may occur 
in patches. The majority of this habitat is within the stranded saltmarsh and covers 
approximately 8.4 percent of the study area, or 15.1 hectares. 

• S3V: Sparse mid-high shrubland dominated by Olearia spp., Geijera linearifolia, 
Maireana and Cratystylis conocephala.  This habitat is in good condition and covers 
approximately 4.2 percent of the study area, or 7.5 hectares. 

• S41: Isolated tall shrubs, usually Melaleuca spp. or Acacia spp. The majority of this 
habitat is within the stranded saltmarsh and covers approximately 3.9 percent of the study 
area, or 7.1 hectares. 

• S4D: Closed coastal dune tall shrubland occurring along the primary dune, dominated by 
Nitraria billardierei, Atriplex vesicaria and Cakile maritima. While primary dune plants 
are dominated by early colonisers, this habitat is in good condition and covers 
approximately 2.5 percent of the study area, or 4.4 hectares. 

• T4V: Open low mangrove woodland in the intertidal area (Avicennia marina) with a poor 
(typical for a mangal) understorey except where the woodland is prograding across the 
neighbouring low chenopod shrubbery. This habitat is in good condition and covers 
approximately 0.9 percent of the study area, or 1.6 hectares. 

• Y4L: Isolated clumps of tall mallee shrub or other tall shrubs, usually Eucalyptus 
gracilis, Eucalyptus calcareana or Melaleuca spp. This habitat covers approximately 2 
percent of the study area, or 3.6 hectares. 
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The vegetation association map also displays about 43 hectares of bare earth (either in the pan 
sections of the stranded saltmarsh or denuded areas of sand in the dunes and ridges), and 
some small patches of intertidal reef. 
 
A review of historic aerial photography suggests that only the northern extremity and south 
eastern extremity of the site have been cleared. The remainder of the site has been grazed to 
varying extents.  
 
Many of the shrubs along the western edge of the coastal strip north of the existing service 
station have been in existence for at least fifty years. The large dune itself has become 
steadily more vegetated over that time, but at least one large mallee is still in evidence today 
that predates the earliest photograph. 
 
The long sloping hill at the south-eastern corner of the study area was cleared prior to 1950, 
and has been mined for sand or gravel. This block has excellent quantities of Danthonia 
setacea and several types of Austrostipa still existing between a heavy infestation of noxious 
and other weeds. 
 
While much of the north-western block has been cleared, the southern portion of the northern 
block contains many large shrubs and mallees that can be identified in the 1968 photograph.  
 
The coastal strip shows the gradual expansion of mangrove trees. The oldest mangroves are 
still in evidence in the earlier photographs, but the woodland is now both denser and more 
extensive than it was 36 years ago, as it is prograding across the intertidal saltmarsh. 
 
The small dune east of the highway, just north of the border checking station has seen 
considerable growth of native vegetation in the denuded patch, however there are some older 
shrubs that are in evidence in early photographs – particularly towards the north of the dune 
and along its eastern boundary.  
 
Dense Sclerostegia arbuscula mark the drainage channels through the stranded salt marsh. 
Although these shrubs do not attain great stature, they are a long lived species, making it quite 
possible that the individual shrubs present today have survived the changed conditions since 
the highway cut off tidal flushing. 
 
The trees currently growing along the road reserve on the north-western boundary of the north 
eastern block are only just in evidence in the 1968 photograph, however the band of tall 
shrubs and low mallees located along the southerly base of the slope were already mature. 
The effects of off-road vehicles and mining are clearly visible in the centre of the more recent 
photograph. This impact is limited in area, with the dunes along the eastern boundary of the 
block being in good condition. Many of the larger shrubs on these dunes are visible in the 
early photograph. 

 

9.2 Area of impact for vegetation 
Calculate the relative area of each terrestrial and intertidal vegetation community type that 
may be lost, including a description of the condition and/or health of the vegetation. The 
layout plan of the current proposed development would be laid over this vegetation map to 
support this information. 
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The direct impact area of the proposed development, shown below, covers 81% of the site, 
with no area of the study site being more than 200m from the direct impact site. Those 
habitats occurring inside the outline are likely to be extirpated completely by residential 
development or the development of waterways. Those habitats occurring outside the outline 
may not be immediately impacted, but may be ultimately impacted by weed incursion 
(terrestrial habitats) or by hydrological/sedimentary process change (intertidal and supratidal 
habitats). 
 

 
Figure 27 – Vegetation impact area 

 

9.3 Flora that may trigger legislative response 
Discuss any known flora species that occur in the area that may trigger the EPBC Act or 
state legislation. 
 

Two species discovered to be present on the study site during this survey, Ixiolaena  pluriseta 
and Kippistia suaedifolia, have conservation ratings.  
 
Ixiolaena pluriseta (a plover daisy) has a rating of Rare for the State, and a status of 
Unknown for the Eyre Peninsula. According to Jessop and Toelken (1986) this species has 
only been collected from Smoky Bay to Fowler Bay, on the Nuyts Archipelago and one 
specimen from Nullabor Homestead. The plant is found principally on the calcareous sands of 
low coastal cliffs and the adjacent dunes. The specimens found in this survey were recorded 
in sampling quadrat 1, on sands overlying a low rocky clifftop.
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Kippistia suaedifolia (fleshy miniura) has a rating of Rare for the Eyre Peninsula. It prefers to 
grow on sandhills, claypans, limestone and gypsum, and was recorded during this survey in 
quadrat 20, on the crest of the sandpit and within the pit itself. 
 
Previous surveys (EMS, 2004) reported several other species with conservation significance 
or interest. Maireana aphylla, with conservation interest due to its status of Uncommon on 
the Eyre Peninsula, was not recorded during this survey, although seven other species of 
Maireana were found. The EMS survey noted that these plants were mainly located in the 
golf course roughs, and this more recent survey did not visit the golf course. 
 
Trailing hemichroa (Hemichroa pentandra) with a rating of Rare for the Eyre Peninsula was 
not recorded in this survey, although its close relative Hemichroa diandra was a co-dominant 
in many of the quadrats surveyed. The EMS survey noted that the plants were not flowering 
during their survey. As the two species can be separated most reliably by examining the 
anthers of the flowers, it is possible that the earlier records were an estimate of the species, 
rather than a determination. 

 

9.4 Fauna that may trigger legislative response 
Discuss any known fauna species that occur in the area that may trigger the EPBC Act or 
state legislation, and complete appropriate fauna assessments to fill in knowledge gaps to 
allow a detailed assessment. 
  

Murat Bay is recognised by Birds Australia as a significant wading bird site, and they have 
conducted wader counts there in 1984 and 2000. The results of those counts is presented in 
the table following, and includes 15 species of conservation significance ranging from 
regional to national interest. Additionally the table records that Murat Bay is considered a 
significant site (either nationally or internationally) for several species – the Ruddy turnstone, 
Sooty oystercatcher and Grey plover.  
 
Common Name Species name Murat Bay 

Wader Count 
(2000) 

Murat Bay 
species of 

significance 
identified during 

Wader Count 
(1984) 

Conservation Interest 

Bar-tailed Godwit  Limosa limosa 26  EPBC Act 
Eastern Curlew  Numenius madagascariensis 1  Vulnerable (SA NP&WS) 

EPBC Act, Vulnerable EP 
Common 
Greenshank  

Tringa nebularia 46  EPBC Act 

Common Sandpiper  Actitis hypoleucos 3  EPBC Act 
Grey-tailed Tattler  Heteroscelis brevipes 6  EPBC Act 
Ruddy Turnstone  Arenaria interpres 56 171 Site of national importance 

according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red Knot  Calidris canutus 38  EPBC Act 
Red-necked Stint  Calidris ruficollis 913  EPBC Act 
Sharp-tailed 
Sandpiper  

Calidris acuminata 271  EPBC Act 

Curlew Sandpiper  Calidris ferruginea 144  EPBC Act 
Pied Oystercatcher  Haematopus longirostris 29  
Sooty Oystercatcher  Haematopus fuliginosus 107 163 Site of international 

importance according to 
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National Plan for shorebird 
Conservation (Watkins, D.) 
Ranking 5th in Australia.  

Grey Plover  Pluvialis squatarola 81 123 Site of national importance 
according to National Plan 
for shorebird Conservation 
(Watkins, D.) EPBC Act 

Red-capped Plover  Charadrius ruficapillus 79  EPBC Act 
Banded Lapwing  Vanellus ticolor 238  EPBC Act 
Masked Lapwing  Vanellus miles 6  EPBC Act 

Table 17 - Birds Australia wader counts, Murat Bay 

Waders harvest food from the tidal flats. Each bird species has a particular preference – those 
with heavy beaks, such as Oystercatchers, can split open bivalve shells and would use the 
mussel top reefs as their major food source. Others, with more slender beaks, probe the sand 
flats for polychaete worms, sipunculids or small crustaceans. Those with longer beaks are 
able to obtain organisms that move deep within the sand, while the shorter beaked birds are 
restricted to those organisms that live close to the surface. These specific ecological 
preferences mean that the impacts of any development will vary, depending on the species 
involved. 
 
While on site, Delta staff recorded two other non-wading species that are listed under the 
EPBC Act – the Black kite and the Nankeen kestrel. 
 
Possible impacts on wading birds could include: 

− the construction of a boating channel and groynes may alter the flushing and draining 
patterns of the sand flats, resulting in some areas becoming better drained (near the deep 
channel) and therefore firmer, while other areas may drain less well (the newly formed 
‘pockets’ where the groynes meet the beach) and therefore may become hypoxic. The 
texture of the sand flats is quite likely a determining factor in which species of 
invertebrates inhabit the benthos. This has implications on the availability of appropriate 
food sources for migratory waders, 

− the increased usage of the sand flats as boats enter and leave the marina may disturb the 
more sensitive species of birds, and 

− the Sclerostegia arbuscula chenopod shrubland present in the stranded dissected salt 
marsh currently provides habitat for many small birds such as Thornbills and Chats, and 
these birds do not utilise deep waterways as habitat. 

 
No other species of fauna that have legislated environmental significance were recorded on 
the site during the site visit. 
 

9.5 Baseline intertidal flora and fauna data 
Establish a good baseline level of data related to intertidal flora and fauna, using a 
repeatable methodology that will allow identification of impacts post-development. Plants 
and animals growing or living in the intertidal zone should be collected and identified to 
species level if possible. All methodologies should be documented so that the surveys could 
be replicated by other organizations if required.  
 

A survey of intertidal flora and fauna was conducted on the site, incorporating observations, 
surface quadrats and benthic cores. The methodology and data from these surveys in included 
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in the body of this report, in Section 6 – Intertidal flora and fauna. Summary lists have also 
been prepared, showing the species of flora and fauna recorded, and their ecological 
preferences. 
 
Impacts to the intertidal zone may result from developments that alter the geomorphic and 
hydrological aspects of the bay: 

− the construction of a boating channel may alter the flushing and draining patterns of the 
sand flats, resulting in some areas becoming better drained (near the deep channel) and 
therefore firmer, drier and better oxygenated. The texture of the sand flats is quite likely a 
determining factor in which species of invertebrates inhabit the benthos, so this type of 
habitat change could be reflected by a change in the species of invertebrates occupying the 
benthos. 

− where groynes meet the beach the newly formed ‘pockets’ may drain less well, and may 
accumulate seaweed and seagrass wrack. This could result in the sediments becoming 
softer, organically enriched and more hypoxic. If accumulation is minor, the benthos may 
become dominated by species that can tolerate such conditions. If accumulation is major, 
the rotting organics could produce hydrogen sulfide gases. This has ecological effects, as 
H2S can cause the death of benthic organisms, and aesthetic/health effects on air quality. 

 

9.6 Birds risk to airports 
Assess any risk that large birds attracted to the site may pose to the nearby airport, 
including an assessment of current bird usage of the site. 

 
Open flat areas may provide roosting areas for gulls. Gulls are a particular problem as they 
are scavengers, and will move to new developments to scavenge from parks, bins, the outside 
of food processing plants and shopping centres. Gulls tend to be attracted to fishing vessels, 
and may be attracted to the marina if it is developed as a commercial fishing centre. Besides 
being attracted to the development itself, gulls may be attracted to the local support 
infrastructure. At Ceduna the rubbish tip is located between the proposed development and 
the airport, and increased numbers of houses and businesses will result in increased usage of 
the tip. Unless the expansion of the tip is managed carefully, larger exposures of waste may 
occur, and these may attract gulls. 
 
Expansion of the WWTP may result in a larger area of fresh water lagoons being available for 
ducks, ibis and egrets. 
 
Galahs may be attracted to open parks and gardens if the grasses include weed species such as 
guildford grasses (Romulea spp.) and Erodium sp. (crane’s and stork’s bills). They also prefer 
areas where cover is kept less than 15 cm tall. 
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11. Appendices 

Appendix I  – Vegetation associations 
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Appendix II – Collection permit 
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PERMIT CONDITIONS
The permit is issued subject to the following conditions

1. The permit does not authorise the collection of specimens from private property without the written consent of the landowner granted not
more than six months beforehand.

2. The Ranger-in-Charge of parks listed in the permit shall be notified beforehand of the exact dates on which research will be undertaken
within approved reserves. Details of any vehicles to be used in field work should also be provided.  If, for some reason, dates are changed,
the Ranger-in-Charge must be advised accordingly. For research in remote areas, the Ranger-in-Charge must be notified at least 14 days
in advance of visiting the area.

3. Upon arrival in a reserve attended by a resident Ranger, the permit shall be shown to the Ranger before research is undertaken.
4. Samples collected shall be limited in size and taken where they will cause the least disfigurement or disturbance.
5. The number of specimens of any one species which may be taken is limited to

 

the number specified in the permit, or where the number is
not stated to the minimum required for the approved scientific research.

6. You as the permit holder are responsible for the actions of other persons who may undertake this research or collect spe cimens on your
behalf.

7. Specimens collected shall not be exported from this State without the consent of the Director, National Parks and Wildlife.
8. Specimens or the progeny and carcasses of animals taken under the permit may not be sold or transferred

 

without the written consent of
the Director, National Parks and Wildlife and all such specimens shall be disposed of in the manner specified in this permit at the
termination of the permit or a time specified by the Director.

9. Upon completion of the research, all equipment shall be removed from the reserve, unless specific approval to the contrary has been
obtained.

10. Within 14 days of the expiration of the permit, the Director, National Parks and Wildlife must be given a full report (marked ‘Attention :
Research Permit Section”), including all collection data, on the research carried out under the permit.  Numbers and locations of all
specimens collected must be supplied, together with a progress report if the project is not complete.

11. If an account of the research is published, or information circulated, a copy of the account or information shall be lodged with the Research
Permit Section, within 28 days of its publication or circulation.

12. Any permits involving research on vertebrates will require the approval of an official South Australian Animal Experimentation Ethics
Committee as a condition of this permit.

13. When planning and conducting your research, please be aware that your work may intrude on locations or involve species with cultural
significance to local Aboriginal communities.  As part of your project planning it would be a courtesy, and in some cases a requirement, to
consult with local Aboriginal representatives to determine any potential impacts and the means of avoiding or limiting them.

14. This permit will cease to have effect upon a determination that native title exists in any of the lands or waters covered by this permit to the
extent that such determination affects those lands or waters.

Z24911 1

Department for Environment and Heritage
Science and Conservation Directorate
Research Permits Section
GPO Box 1047, Adelaide  5001  SA
1 Richmond Road, Keswick  5035  SA  (Telephone 08  8124 4700   Fax 08 8124 4719)

YOU MUST CONTACT THE APPROPRIATE REGIONAL STAFF MEMBER BEFORE CONDUCTING FIELD WORK
PLEASE CARRY THIS PERMIT WHEN CONDUCTING RESEARCH

The SA Department for Environment and Heritage encourages scientific research both within the State’s system of conservation reserves and on our protected native
plants and animals. It is only through increased scientific understanding that we can develop a soundly based system of conservation management for the State.

In carrying out such research projects, you should be conscious that you are manipulating a part of Australia’s natural heritage and this carries certain responsibilities.
Some of the more obvious responsibilities are outlined under the standard conditions listed below. In addition the Department requires you to always conduct your
research project in such a way as to have the smallest possible impact on the natural environment.

The Department for Environment and Heritage trust that this research project will be successful and looks forward to receiving a report of the results in due course.

Permit to Undertake Scientific Research

PERMIT NO

........................................................                  ....................................................................
Signature of Permit Holder               John Hill, MP

MINISTER FOR ENVIRONMENT AND CONSERVATION

Permit  
Holder

21/10/2004 30/11/2004This permit is valid from to unless cancelled or revoked.

Title Ceduna Keys Marina flora survey
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Please contact these offices when using this Permit:

Notes:

Additional Condtions:

 GENERAL FLORA SURVEYS
Plant specimens are to be collected when validating a field identification, when a field identification cannot be reliably made, or if the 
specimen constitutes a new park species record, a significant range extension or an unusual form. 

Advice on species likely to fall within these criteria, and recommended number of specimens is to be obtained from the appropriate specialist 
(eg from the Biodiversity Survey and Monitoring Section, Department for Environment and Heritage or the Plant Biodiversity Centre (State 
Herbarium). If such advice is not available then the specimen should be the minimum required to authenticate the record,  ie one 
representative plant voucher specimen (representative is taken to mean a sample that includes foliage, flowers, fruits etc of sufficient quantity 
to meet State Herbarium standards).

In any case no more than ten percent of the visible local population (within an area of continuous habitat) is to be collected.

Collections of plant species classified as endangered, vulnerable or rare under the National Parks and Wildlife Act (SA) 1972, are to be kept 
to the minimum required to authenticate the record. Collection of additional material from these species must be anticipated prior to collection 
and specific approval sought.

MINIMUM DATASET
Researchers must collect at least a minimum set of data when carrying out biological studies under a Scientific Permit. The NPWSA 
Biodiversity Survey and Monitoring Group (BSM) has prepared guidelines, 'Scientific Permit Minimum Dataset', to ensure that the information 
collected is accurate, comprehensive and has relevance beyond the confines of the project for which it may have been originally intended.

Unless the recommended minimum dataset is collected, the information may be useless and  is unlikely to be acceptable for addition into 
recognised, statewide, environmental databases (eg :  DEH Environmental databases of SA (ESDA), South Australian Museum or Plant 
Biodiversity Centre).  It is the responsibility of all researchers to maximise the use of the information they collect.  This is especially important 
where studies involve the handling of and interaction with animals, and the collection of plant and animal specimens.

NSXCODE:

SPECIMEN: All plant species encountered: representative voucher specimens.

NUMBERSIZE: Minimum required.

LOCALITY: Ceduna Keys Marina area.

Disposition:

Vouchers will be lodged with the State Herbarium and with the client.

Affiliates

Faith Cook, Renae Eden, Jennifer Larter, all of Delta Environmental Consulting, 12 Beach Road, St Kilda SA 5110.

Specimen:

Far West 11 McKenzie St CEDUNA (08) 8625 3144
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Appendix III – Flora voucher specimens 
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Ceduna field data Permit: Z24911 1 Delta code: PSC_EMS_11/04
Datum: Aust Geod 84 GPS Zone: 53H GPS accuracy 4m

Location 
number Voucher prefix

Voucher 
number

Date 
collected Collector Easting Northing Family Species Common name Exotic Conservation status

1 PSC_EMS_11/04 1 24/11/2004 COOF/COLP 373559 6446895 Pittosporaceae Pittosporum phylliraeoides Native apricot
PSC_EMS_11/04 2 24/11/2004 COOF/COLP 373559 6446895 Rutaceae Geijera linearifolia Sheepbush, oil bush or wilga
PSC_EMS_11/04 3 24/11/2004 COOF/COLP 373559 6446895 Gramineae Austrostipa flavescens A spear-grass
PSC_EMS_11/04 4 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Carpobrotus rossii Karkalla or Ross' noonflower
PSC_EMS_11/04 5 24/11/2004 COOF/COLP 373559 6446895 Myrtaceae Melaleuca lanceolata Moonah
PSC_EMS_11/04 6 24/11/2004 COOF/COLP 373559 6446895 Liliaceae Dianella brevicaulis Short fruited black anther flax- lily
PSC_EMS_11/04 7 24/11/2004 COOF/COLP 373559 6446895 Epacridaceae Acrotriche patula Shiny ground berry
PSC_EMS_11/04 8 24/11/2004 COOF/COLP 373559 6446895 Primulaceae Anagallis arvensis Blue flowered pimpernel *
PSC_EMS_11/04 9 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex vesicaria Bladder saltbush
PSC_EMS_11/04 10 24/11/2004 COOF/COLP 373559 6446895 Labiatae Westringia rigida Stiff westringia
PSC_EMS_11/04 11 24/11/2004 COOF/COLP 373559 6446895 Iridaceae Gynandriris setifolia Thread Iris *
PSC_EMS_11/04 12 24/11/2004 COOF/COLP 373559 6446895 Cruciferae Brassica tournefortii Long fruited wild turnip *
PSC_EMS_11/04 13 24/11/2004 COOF/COLP 373559 6446895 Caryophyllaceae Silene nocturna Mediterranean catchfly *
PSC_EMS_11/04 14 24/11/2004 COOF/COLP 373559 6446895 Gramineae Danthonia setacea var setacea Bristly, or small flowered, or mulga wallaby grass
PSC_EMS_11/04 15 24/11/2004 COOF/COLP 373559 6446895 Zygophyllaceae Nitraria billardierei Dillon berry or nitre bush
PSC_EMS_11/04 16 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Enchylaena tomentosa Ruby saltbush
PSC_EMS_11/04 17 24/11/2004 COOF/COLP 373559 6446895 Compositae Reichardia tingitana False sow thistle *
PSC_EMS_11/04 18 24/11/2004 COOF/COLP 373559 6446895 Compositae Centaurea melitensis Maltese cockspur *
PSC_EMS_11/04 19 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Threlkeldia diffusa Coast bone fruit
PSC_EMS_11/04 20 24/11/2004 COOF/COLP 373559 6446895 Gramineae Tribolium acutiflora Desmazeria *
PSC_EMS_11/04 21 24/11/2004 COOF/COLP 373559 6446895 Gramineae Festuca littoralis Coastal fescue
PSC_EMS_11/04 22 24/11/2004 COOF/COLP 373559 6446895 Compositae Olearia exiguifolia Small-leaved daisy-bush
PSC_EMS_11/04 23 24/11/2004 COOF/COLP 373559 6446895 Zygophyllaceae Zygophyllum billardierei Coast twinleaf
PSC_EMS_11/04 24 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Tetragonia implexicoma Bower spinach
PSC_EMS_11/04 25 24/11/2004 COOF/COLP 373559 6446895 Compositae Ixiolaena pluriseta A plover daisy Rare in SA, Unknown for EP
PSC_EMS_11/04 26 24/11/2004 COOF/COLP 373559 6446895 Compositae Cratystylis conocephala Bluebush daisy
PSC_EMS_11/04 27 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex vesicaria var variablis Bladder saltbush
PSC_EMS_11/04 28 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Atriplex cinerea Coast saltbush
PSC_EMS_11/04 29 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Sarcocornia quinqueflora Bearded glasswort
PSC_EMS_11/04 30 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Suaeda australis Austral sea-blite
PSC_EMS_11/04 31 24/11/2004 COOF/COLP 373559 6446895 Liliaceae Dianella revoluta Black anther flax lily
PSC_EMS_11/04 32 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Sclerostegia arbuscula Shrubby samphire
PSC_EMS_11/04 33 24/11/2004 COOF/COLP 373559 6446895 Aizoaceae Mesembryanthum crystallinum Common iceplant *
PSC_EMS_11/04 34 24/11/2004 COOF/COLP 373559 6446895 Compositae Olearia axillaris Coast daisy bush
PSC_EMS_11/04 35 24/11/2004 COOF/COLP 373559 6446895 Santalaceae Exocarpos aphyllus Leafless cherry
PSC_EMS_11/04 36 24/11/2004 COOF/COLP 373559 6446895 Myrtaceae Eucalyptus calcareana Nundroo mallee
PSC_EMS_11/04 37 24/11/2004 COOF/COLP 373559 6446895 Chenopodiaceae Rhagodia candolleana Seaberry saltbush

2 PSC_EMS_11/04 38 24/11/2004 COOF/COLP 373545 6446976 Compositae Angianthus tomentosus Hairy cup flower
PSC_EMS_11/04 39 24/11/2004 COOF/COLP 373545 6446976 Frankeniaceae Frankenia pauciflora Sea heath

3 PSC_EMS_11/04 40 24/11/2004 COOF/COLP 373642 6446967 Amaranthaceae Hemichroa diandra Mallee hemichroa
PSC_EMS_11/04 41 24/11/2004 COOF/COLP 373642 6446967 Chenopodiaceae Sclerostegia arbuscula Shrubby samphire
PSC_EMS_11/04 42 24/11/2004 COOF/COLP 373642 6446967 Avicenniaceae Avicennia marina Grey mangrove
PSC_EMS_11/04 43 24/11/2004 COOF/COLP 373642 6446967 Chenopodiaceae Sclerolaena uniflora Bassia
PSC_EMS_11/04 44 24/11/2004 COOF/COLP 373642 6446967 Compositae Senecio lautus Variable groundsel
PSC_EMS_11/04 45 24/11/2004 COOF/COLP 373642 6446967 Umbelliferae Bupleurum semicompositum Bupleurum *

4 PSC_EMS_11/04 46 24/11/2004 COOF/COLP 373685 6447023 Chenopodiaceae Atriplex vesicaria (male specimen) Bladder saltbush
PSC_EMS_11/04 47 24/11/2004 COOF/COLP 373685 6447023 Leguminosae Acacia anceps Port Lincoln wattle
PSC_EMS_11/04 48 24/11/2004 COOF/COLP 373685 6447023 Crassulaceae Crassula sieberana var tetramera Austral stonecrop
PSC_EMS_11/04 49 24/11/2004 COOF/COLP 373685 6447023 Aizoaceae Disphyma crassifolium Round leaf pigface

5 PSC_EMS_11/04 50 24/11/2004 COOF/COLP 373966 6447103 Limoniaceae Limonium sinuatum Notch leaved perennial sea lavender *
PSC_EMS_11/04 51 24/11/2004 COOF/COLP 373966 6447103 Chenopodiaceae Maireana oppositifolia Heathy bluebush

6 PSC_EMS_11/04 52 24/11/2004 COOF/COLP 374218 6447023 Cruciferae Cakile maritima Sea rocket *
PSC_EMS_11/04 53 24/11/2004 COOF/COLP 374218 6447023 Gramineae Avena barbata Bearded oat *
PSC_EMS_11/04 54 24/11/2004 COOF/COLP 374218 6447023 Solanaceae Lycium ferocissimum African boxthorn *
PSC_EMS_11/04 55 24/11/2004 COOF/COLP 374218 6447023 Chenopodiaceae Salsola kali Buckbush rolypoly *

7 PSC_EMS_11/04 56 24/11/2004 COOF/COLP 374479 6446876 Cruciferae Diplotaxis tenuifolia Lincoln weed *
PSC_EMS_11/04 57 24/11/2004 COOF/COLP 374479 6446876 Chenopodiaceae Maireana brevifolia Small-leaved bluebush
PSC_EMS_11/04 58 24/11/2004 COOF/COLP 374479 6446876 Liliaceae Asphodelus fistulosus Onion weed *
PSC_EMS_11/04 59 24/11/2004 COOF/COLP 374479 6446876 Cruciferae Carrichtera annua Ward's weed or duck-bill burr *

8 PSC_EMS_11/04 60 24/11/2004 COOF/COLP 374642 6446093 Gramineae Parafolis incurva Curly rye *
PSC_EMS_11/04 61 24/11/2004 COOF/COLP 374642 6446093 Leguminosae Templetonia retusa Cockie's tongue
PSC_EMS_11/04 62 24/11/2004 COOF/COLP 374642 6446093 Gramineae Lolium perenne Perennial ryegrass *
PSC_EMS_11/04 63 24/11/2004 COOF/COLP 374642 6446093 Gramineae Cynodon dactylon Couch grass
PSC_EMS_11/04 64 24/11/2004 COOF/COLP 374642 6446093 Compositae Gazania linearis Gazania *
PSC_EMS_11/04 65 24/11/2004 COOF/COLP 374642 6446093 Myoporaceae Myoporum insulare Boobialla
PSC_EMS_11/04 66 24/11/2004 COOF/COLP 374642 6446093 Leguminosae Medicago polymorpha Burr medic *
PSC_EMS_11/04 67 24/11/2004 COOF/COLP 374642 6446093 Gramineae Bromus catharticus Prairie grass *
PSC_EMS_11/04 68 24/11/2004 COOF/COLP 374642 6446093 Umbelliferae Foeniculum vulgare Fennel *
PSC_EMS_11/04 69 24/11/2004 COOF/COLP 374642 6446093 Compositae Helianthus annuus Common sunflower *
PSC_EMS_11/04 70 24/11/2004 COOF/COLP 374642 6446093 Agavaceae Agave americana Century plant *
PSC_EMS_11/04 71 24/11/2004 COOF/COLP 374642 6446093 Euphorbiaceae Euphorbia terracina Carnation weed, false caper *
PSC_EMS_11/04 72 24/11/2004 COOF/COLP 374642 6446093 Aizoaceae Galenia secunda Blanket weed *

9 PSC_EMS_11/04 73 24/11/2004 COOF/COLP 374634 644389 Gramineae Bromus rigidus Rigid brome *
PSC_EMS_11/04 74 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 75 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 76 24/11/2004 COOF/COLP 374634 644389 Compositae Hedypnois rhagadioloides Cretan weed *
PSC_EMS_11/04 77 24/11/2004 COOF/COLP 374634 644389 Compositae Arctotheca calendula Cape weed *
PSC_EMS_11/04 78 24/11/2004 COOF/COLP 374634 644389 Limoniaceae Limonium companyonis Sea lavender *

10 PSC_EMS_11/04 79 24/11/2004 COOF/COLP 374634 644389 Gramineae Polypogon monspeliensis Annual beard-grass *
PSC_EMS_11/04 80 24/11/2004 COOF/COLP 374634 644389 Gramineae Critesion murinum Barley grass *
PSC_EMS_11/04 81 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Maireana erioclada Rosy bluebush
PSC_EMS_11/04 82 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Sclerolaena brevifolia poss. hybrid with S. obA copperburr or bindyii
PSC_EMS_11/04 83 24/11/2004 COOF/COLP 374634 644389 Labiatae Marrubium vulgare Horehound *
PSC_EMS_11/04 84 24/11/2004 COOF/COLP 374634 644389 Compositae Vittadinia cervicularis Fuzzweed
PSC_EMS_11/04 85 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Maireana appressa/radiata A cotton bush with no fruit
PSC_EMS_11/04 86 24/11/2004 COOF/COLP 374634 644389 Gramineae Austrostipa eremophila Desert spear-grass
PSC_EMS_11/04 87 24/11/2004 COOF/COLP 374634 644389 Compositae Sonchus oleraceus Common sow thistle *
PSC_EMS_11/04 88 24/11/2004 COOF/COLP 374634 644389 Aizoaceae Mesembryanthemum nodosum Slender iceplant *
PSC_EMS_11/04 89 24/11/2004 COOF/COLP 374634 644389 Chenopodiaceae Halosarcia halocnemoides Grey samphire
PSC_EMS_11/04 90 24/11/2004 COOF/COLP 374634 644389 Aizoaceae Galenia secunda Blanket weed *
PSC_EMS_11/04 91 24/11/2004 COOF/COLP 374634 644389 Leguminosae Acacia cyclops Western coastal wattle
PSC_EMS_11/04 92 24/11/2004 COOF/COLP 374634 644389 Sapindaceae Dodonaea stenozyga Desert hopbush
PSC_EMS_11/04 93 24/11/2004 COOF/COLP 374634 644389 Boraginaceae Heliotropium europaeum Potato weed *

11 PSC_EMS_11/04 94 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pergranulata var pergranulata Black seed samphire
PSC_EMS_11/04 95 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 96 24/11/2004 COOF/COLP 374692 6446381 Chenopodiaceae Halosarcia pruinosa Waxy glasswort

12 PSC_EMS_11/04 97 24/11/2004 COOF/COLP 374767 6446445 Caryophyllaceae Spergularia marina Salt sand-spurry *
13 PSC_EMS_11/04 98 24/11/2004 COOF/COLP 375003 6446651 Frankeniaceae Frankenia sessilis Small leaved sea heath
14 PSC_EMS_11/04 99 24/11/2004 COOF/COLP 375058 6446671 Frankeniaceae Frankenia sessilis Small leaved sea heath
15 PSC_EMS_11/04 100 24/11/2004 COOF/COLP 375154 6446626 Chenopodiaceae Halosarcia halocnemoides Grey samphire
16 PSC_EMS_11/04 101 24/11/2004 COOF/COLP 375272 6446858 Chenopodiaceae Sclerolaena uniflora Bassia



PSC_EMS_11/04 102 24/11/2004 COOF/COLP 375272 6446858 Solanaceae Lycium australe Australian boxthorn
17 PSC_EMS_11/04 103 24/11/2004 COOF/COLP 375266 6446935 Goodeniaceae Scaevola spinescens Spiny fanflower
18 PSC_EMS_11/04 104 24/11/2004 COOF/COLP 374963 6446834 Myoporaceae Eremophila glabra Tar bush

PSC_EMS_11/04 105 24/11/2004 COOF/COLP 374963 6446834 Compositae Vittadinia cuneata Fuzzweed
PSC_EMS_11/04 106 24/11/2004 COOF/COLP 374963 6446834 Caryophyllaceae Silene gallica French catchfly *
PSC_EMS_11/04 107 24/11/2004 COOF/COLP 374963 6446834 Iridaceae Romulea minutiflora Guildford grass *

19 PSC_EMS_11/04 108 25/11/2004 COOF/COLP 375228 644637O Amaranthaceae Ptilotus obovatus var obovatus Silver mulla mulla
PSC_EMS_11/04 109 25/11/2004 COOF/COLP 375228 644637O Chenopodiaceae Atriplex paludosa ssp. cordata Marsh saltbush
PSC_EMS_11/04 110 25/11/2004 COOF/COLP 375228 644637O Chenopodiaceae Maireana scleroptera A maireana

20 PSC_EMS_11/04 111 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Maireana trichoptera A bluebush
PSC_EMS_11/04 112 25/11/2004 COOF/COLP 375240 6446324 Compositae Kippistia suaedifolia Kippistia Rare in EP
PSC_EMS_11/04 113 25/11/2004 COOF/COLP 375240 6446324 Primulaceae Anagallis arvensis Scarlet pimpernel *
PSC_EMS_11/04 114 25/11/2004 COOF/COLP 375240 6446324 Labiatae Westringia rigida Stiff westringia
PSC_EMS_11/04 115 25/11/2004 COOF/COLP 375240 6446324 Leguminosae Acacia cyclops Western coastal wattle
PSC_EMS_11/04 116 25/11/2004 COOF/COLP 375240 6446324 Compositae Conyza bonariensis Flaxleaf fleabane *
PSC_EMS_11/04 117 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Beta vulgaris Beet *
PSC_EMS_11/04 118 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Atriplex acutibractea A saltbush
PSC_EMS_11/04 119 25/11/2004 COOF/COLP 375240 6446324 Myrtaceae Eucalyptus stoatei Scarlet pear gum
PSC_EMS_11/04 120 25/11/2004 COOF/COLP 375240 6446324 Gentianaceae Centaurium tenuiflorum A centaury
PSC_EMS_11/04 121 25/11/2004 COOF/COLP 375240 6446324 Chenopodiaceae Maireana erioclada/pentatropis A maireana with no fruit

21 PSC_EMS_11/04 122 25/11/2004 COOF/COLP 325401 64466592 Casuarinaceae Allocasuarina verticillata Drooping sheoak
PSC_EMS_11/04 123 25/11/2004 COOF/COLP 325401 64466592 Gramineae Austrostipa drummondii Cottony speargrass
PSC_EMS_11/04 124 25/11/2004 COOF/COLP 325401 64466592 Zygophyllaceae Zygophyllum aurantiacum Shrubby twinleaf

22 PSC_EMS_11/04 125 25/11/2004 COOF/COLP 374602 6447509 Gramineae Austrostipa drummondii Cottony speargrass
PSC_EMS_11/04 126 25/11/2004 COOF/COLP 374602 6447509 Myoporaceae Eremophila weldii Purple emubush
PSC_EMS_11/04 127 25/11/2004 COOF/COLP 374602 6447509 Myrtaceae Melaleuca pauperiflora Boree
PSC_EMS_11/04 128 25/11/2004 COOF/COLP 374602 6447509 Myrtaceae Eucalyptus gracilis White mallee
PSC_EMS_11/04 129 25/11/2004 COOF/COLP 374602 6447509 Rutaceae Geijera linearifolia Sheepbush, oilbush or wilga
PSC_EMS_11/04 130 25/11/2004 COOF/COLP 374602 6447509 Compositae Vittadinia eremaea A vittadinia

23 PSC_EMS_11/04 131 25/11/2004 COOF/COLP 374878 6447304 Liliaceae Thysanotus baueri Mallee fringe lily
24 PSC_EMS_11/04 132 25/11/2004 COOF/COLP 374855 6447267 Chenopodiaceae Sclerostegia arbuscula Shrubby glasswort

PSC_EMS_11/04 133 25/11/2004 COOF/COLP 374855 6447267 Malvaceae Lawrencia squamata Thorny lawrencia
25 PSC_EMS_11/04 134 25/11/2004 COOF/COLP 374786 6447134 Gramineae Austrostipa elegantissima Feather speargrass
26 PSC_EMS_11/04 135 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Maireana erioclada Rosy bluebush

PSC_EMS_11/04 136 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Halosarcia pruinosa Waxy glasswort
PSC_EMS_11/04 137 25/11/2004 COOF/COLP 374683 6447082 Leguminosae Senna artemesiodes Desert cassia
PSC_EMS_11/04 138 25/11/2004 COOF/COLP 374683 6447082 Chenopodiaceae Rhagodia crassifolia Fleshy saltbush

27 PSC_EMS_11/04 139 25/11/2004 COOF/COLP 374080 6447244 Leguminosae Acacia hakeoides Hakea wattle
PSC_EMS_11/04 140 25/11/2004 COOF/COLP 374080 6447244 Santalaceae Santalum acuminatum Quandong
PSC_EMS_11/04 141 25/11/2004 COOF/COLP 374080 6447244 Myoporaceae Myoporum brevipes Warty myoporum

28 PSC_EMS_11/04 142 25/11/2004 COOF/COLP 374178 6447205 Liliaceae Lomandra collina Fibrous mat-rush
PSC_EMS_11/04 143 25/11/2004 COOF/COLP 374178 6447205 Myoporaceae Myoporum insulare Boobialla, native juniper

29 PSC_EMS_11/04 144 25/11/2004 COOF/COLP 374266 6447177 Chenopodiaceae Sclerostegia arbuscula Shrubby glasswort
30 PSC_EMS_11/04 145 25/11/2004 COOF/COLP 374358 6447092 Aizoaceae Mesembryanthemum aitonis Angled iceplant *

PSC_EMS_11/04 146 25/11/2004 COOF/COLP 374358 6447092 Solanaceae Solanum hystrix Afghan thistle
31 PSC_EMS_11/04 147 25/11/2004 COOF/COLP 374520 6447551 Myrtaceae Eucalyptus calcareana Nundroo mallee
32 PSC_EMS_11/04 148 25/11/2004 COOF/COLP 374367 6447350 Myrtaceae Eucalyptus gracilis White mallee
33 PSC_EMS_11/04 149 25/11/2004 COOF/COLP 373964 6447157 Myrtaceae Eucalyptus calcareana Nundroo mallee

PSC_EMS_11/04 150 25/11/2004 COOF/COLP 373964 6447157 Loranthaceae Amyema melaleucae A mistletoe
34 PSC_EMS_11/04 151 25/11/2004 COOF/COLP 373657 6447082 Proteaceae Hakea rugosa Dwarf hakea
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Egretta alba

Floodw
aters, rivers, shallow

s of w
etlands, intertidal m

udflats. 
O

ctober to D
ecem

ber. P
latform

 in tree greater than 
20m

 tall near w
ater. 

E
P

B
C

 A
ct

P
lataleidae

R
oyal S

poonbill 
Platalea regia

S
hallow

s of fresh and saltw
ater w

etlands including intertidal flats.
A

ugust to N
ovem

ber. P
latform

 of sticks in tree. 
U

nprotected

P
andionidae

O
sprey 

Pandion haliaetus
M

angroves, rivers and estuaries. Inshore seas, coastal islands. E
ats fish.

S
eptem

ber to O
ctober. G

enerally a pile of seaw
eed 

in a tree fork. 
R

are (S
A

 N
P

&
W

S
) E

P
B

C
 A

ct, rare E
P

A
ccipitridae

B
lack-shouldered K

ite 
Elanus axillaris

O
pen w

oodlands and tall grasslands. H
unts at dusk and daw

n. 
July to N

ovem
ber. N

est placed in the crow
n of a 

E
ucalypt tree. 

E
P

B
C

 A
ct

A
ccipitridae

B
lack K

ite 
M

ilvus m
igrans

O
pen plains, tim

bered w
ater courses, rubbish dum

ps, abattoirs and cattle yards. 
In trees over 10m

 tall. 
E

P
B

C
 A

ct

A
ccipitridae

W
hite-bellied S

ea-E
agle 

H
aliaeetus leucogaster

Large rivers, fresh and saline lakes, reservoirs, coastal seas, islands. 
O

n ledges of coastal cliffs. 
V

ulnerable (S
A

 N
P

&
W

S
) E

P
B

C
 A

ct, V
ulnerable 

E
P

A
ccipitridae

S
potted H

arrier 
C

ircus assim
ilis

H
unts over low

 open grassland, crops and w
indbreaks. 

Flat structure of sticks in tree, w
ithin scrub. 

E
P

B
C

 A
ct

A
ccipitridae

S
w

am
p H

arrier 
C

ircus approxim
ans

H
unts low

 over tall grass, reeds, rushes and crops.
D

oes not breed near study site. 
E

P
B

C
 A

ct
A

ccipitridae
W

edge-tailed E
agle 

Aquila audax
M

ost types except closed forest. 
N

est in large tree w
ith a w

ide view
. 

E
P

B
C

 A
ct

Falconidae
B

row
n Falcon 

Falco berigora
M

ost land surface types except closed forest. 
U

ses old nests of other species, particularly C
orvus 

spp. 
E

P
B

C
 A

ct

Falconidae
N

ankeen K
estrel 

Falco cenchroides
M

ost land surface types except closed forest. 
S

m
all nest of sticks in tree, on cliffs or in haystacks. 

E
P

B
C

 A
ct

Turnicidae
Little B

utton-quail 
Turnix velox

D
ry to arid w

oodlands, grasslands. 
O

ctober to January. S
hallow

 ground scrape lined 
w

ith grass. 
U

nprotected

S
colopacidae

B
ar-tailed G

odw
it 

Lim
osa lim

osa
Tidal flats, occasionally inland. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

26
E

P
B

C
 A

ct

S
colopacidae

W
him

brel 
N

um
enius phaeopus

E
stuaries, m

udflats, m
angroves, sandspits, occasionally inland.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

E
P

B
C

 A
ct

S
colopacidae

E
astern C

urlew
 

N
um

enius m
adagascariensis

E
stuaries, m

udflats, m
angroves, sandspits.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

1
V

ulnerable (S
A

 N
P

&
W

S
) E

P
B

C
 A

ct, V
ulnerable 

E
P

S
colopacidae

M
arsh S

andpiper 
Tringa stagnatilis

C
oastal, inland lakes, prefers freshw

ater. 
M

igratory. B
reeds in northern hem

isphere sum
m

er.
E

P
B

C
 A

ct

S
colopacidae

C
om

m
on G

reenshank 
Tringa nebularia

C
oastal, inland lakes. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

46
E

P
B

C
 A

ct

S
colopacidae

C
om

m
on S

andpiper 
Actitis hypoleucos

B
anks, rocks near w

ater. 
M

igratory. B
reeds in northern hem

isphere sum
m

er.
3

E
P

B
C

 A
ct

S
colopacidae

G
rey-tailed Tattler 

H
eteroscelis brevipes

E
stuaries, rocky coasts, reefs. 

M
igratory. B

reeds in northern hem
isphere sum

m
er.

6
E

P
B

C
 A

ct

S
colopacidae

R
uddy Turnstone 

Arenaria interpres
R

ocky shores.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
Juvenilles m

ay overw
inter on rocky coasts.

56
171

S
ite of national im

portance according to N
ational 

P
lan for shorebird C

onservation (W
atkins, D

.) 
E

P
B

C
 A

ct

S
colopacidae

G
reat K

not 
C

alidris tenuirostris
Tidal m

udflats, rarely inland.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
S

om
e overw

inter.
E

P
B

C
 A

ct

S
colopacidae

R
ed K

not 
C

alidris canutus
Tidal m

udflats, rarely inland.
M

igratory. B
reeds in northern hem

isphere sum
m

er. 
S

om
e overw

inter.
38

E
P

B
C

 A
ct

S
colopacidae

S
anderling 

C
alidris alba

B
eaches, rarely inland.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

E
P

B
C

 A
ct

S
colopacidae

Little S
tint 

C
alidris m

inuta
C

oastal, inland shorelines.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
E

P
B

C
 A

ct

S
colopacidae

R
ed-necked S

tint 
C

alidris ruficollis
C

oastal, inland shorelines.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
913

E
P

B
C

 A
ct

S
colopacidae

S
harp-tailed S

andpiper 
C

alidris acum
inata

Inland w
aters, coastal.

M
igratory. B

reeds in northern hem
isphere sum

m
er.

271
E

P
B

C
 A

ct

S
colopacidae

C
urlew

 S
andpiper 

C
alidris ferruginea

C
oastal, inland m

udflats.
M

igratory. B
reeds in northern hem

isphere sum
m

er.
144

E
P

B
C

 A
ct

H
aem

atopodidae
P

ied O
ystercatcher 

H
aem

atopus longirostris
C

oastal, prefers sandy beaches, estuaries. 
O

ctober to D
ecem

ber. H
ollow

 scratched in loose 
sand, seaw

eed and driftw
ood. 

29
U

nprotected



H
ae

m
at

op
od

id
ae

S
oo

ty
 O

ys
te

rc
at

ch
er

 
H

ae
m

at
op

us
 fu

lig
in

os
us

C
oa

st
al

, p
re

fe
rs

 ro
ck

y 
co

as
tli

ne
; o

cc
as

io
na

lly
 e

st
ua

rie
s.

 
O

ct
ob

er
 to

 D
ec

em
be

r. 
H

ol
lo

w
 s

cr
at

ch
ed

 in
 lo

os
e 

sa
nd

. U
su

al
ly

 o
n 

of
fs

ho
re

 is
la

nd
.

10
7

16
3

S
ite

 o
f i

nt
er

na
tio

na
l i

m
po

rta
nc

e 
ac

co
rd

in
g 

to
 

N
at

io
na

l P
la

n 
fo

r s
ho

re
bi

rd
 C

on
se

rv
at

io
n 

(W
at

ki
ns

, D
.) 

R
an

ki
ng

 5
th

 in
 A

us
tra

lia
. 

R
ec

ur
vi

ro
st

rid
ae

B
la

ck
-w

in
ge

d 
S

til
t 

H
im

an
to

pu
s 

hi
m

an
to

pu
s

Fr
es

h 
an

d 
sa

ltw
at

er
 m

ar
sh

es
. F

lo
od

ed
 p

ad
do

ck
s.

 
A

ug
us

t t
o 

Ja
nu

ar
y.

E
P

B
C

 A
ct

R
ec

ur
vi

ro
st

rid
ae

B
an

de
d 

S
til

t 
C

la
do

rh
yn

ch
us

 le
uc

oc
ep

ha
lu

s
Fr

es
h 

an
d 

sa
ltw

at
er

 m
ar

sh
es

, m
ar

in
e 

m
ud

fla
ts

, l
ar

ge
 e

ph
em

er
al

 la
ke

s.
 

U
su

al
ly

 in
 W

es
te

rn
 A

us
tra

lia
n 

In
la

nd
 la

ke
s.

 
E

P
B

C
 A

ct
C

ha
ra

dr
iid

ae
P

ac
ifi

c 
G

ol
de

n 
P

lo
ve

r 
Pl

uv
ia

lis
 d

om
in

ic
a

B
ea

ch
es

, m
ud

fla
ts

, m
ay

 b
e 

in
la

nd
. 

E
P

B
C

 A
ct

C
ha

ra
dr

iid
ae

G
re

y 
P

lo
ve

r 
Pl

uv
ia

lis
 s

qu
at

ar
ol

a
B

ea
ch

es
, m

ud
fla

ts
, m

ay
 b

e 
in

la
nd

. 
81

12
3

S
ite

 o
f n

at
io

na
l i

m
po

rta
nc

e 
ac

co
rd

in
g 

to
 N

at
io

na
l 

P
la

n 
fo

r s
ho

re
bi

rd
 C

on
se

rv
at

io
n 

(W
at

ki
ns

, D
.) 

E
P

B
C

 A
ct

C
ha

ra
dr

iid
ae

R
ed

-c
ap

pe
d 

P
lo

ve
r 

C
ha

ra
dr

iu
s 

ru
fic

ap
illu

s
S

an
dy

 a
re

as
; c

oa
st

al
 a

nd
 in

la
nd

. 
S

ep
te

m
be

r t
o 

D
ec

em
be

r. 
S

cr
ap

es
 a

 s
m

al
l h

ol
lo

w
 in

 
op

en
 s

an
dy

 p
os

iti
on

.
79

E
P

B
C

 A
ct

C
ha

ra
dr

iid
ae

D
ou

bl
e-

ba
nd

ed
 P

lo
ve

r 
C

ha
ra

dr
iu

s 
bi

ci
nc

tu
s

B
ea

ch
es

, m
ud

fla
ts

, g
ra

ss
la

nd
s,

 b
ar

e 
gr

ou
nd

. 
E

P
B

C
 A

ct
C

ha
ra

dr
iid

ae
Le

ss
er

 S
an

d 
P

lo
ve

r 
C

ha
ra

dr
iu

s 
m

on
go

lu
s

S
ho

re
s,

 m
ar

sh
es

, r
ar

el
y 

in
la

nd
. 

E
P

B
C

 A
ct

C
ha

ra
dr

iid
ae

G
re

at
er

 S
an

d 
P

lo
ve

r 
C

ha
ra

dr
iu

s 
le

sc
he

na
ul

tii
S

ho
re

s,
 m

ar
sh

es
, r

ar
el

y 
in

la
nd

. 
E

P
B

C
 A

ct
C

ha
ra

dr
iid

ae
In

la
nd

 D
ot

te
re

l 
C

ha
ra

dr
iu

s 
au

st
ra

lis
P

lo
ug

he
d 

gr
ou

nd
, o

pe
n 

sp
ar

se
 p

la
in

s 
an

d 
gi

bb
er

. 
A

ug
us

t t
o 

N
ov

em
be

r.
E

P
B

C
 A

ct

C
ha

ra
dr

iid
ae

H
oo

de
d 

P
lo

ve
r 

Th
in

or
ni

s 
ru

br
ic

ol
lis

O
ce

an
 b

ea
ch

es
, s

om
et

im
es

 c
oa

st
al

 la
ke

s.
 In

la
nd

 s
al

tla
ke

s 
in

 W
A

.
S

ep
te

m
be

r t
o 

Ja
nu

ar
y.

V
ul

ne
ra

bl
e 

(S
A

 N
P

&
W

S
) E

P
B

C
 A

ct
, V

ul
ne

ra
bl

e 
E

P

C
ha

ra
dr

iid
ae

B
an

de
d 

La
pw

in
g 

Va
ne

llu
s 

tic
ol

or
O

pe
n 

gr
as

sl
an

ds
, b

ar
e 

pl
ai

ns
 a

nd
 a

ra
bl

e 
la

nd
. 

Ju
ly

 to
 D

ec
em

be
r. 

N
es

t i
n 

op
en

 a
re

as
 a

m
ou

ng
 s

ho
rt 

st
ub

bl
e 

or
 c

ro
ps

. 
23

8
E

P
B

C
 A

ct

C
ha

ra
dr

iid
ae

M
as

ke
d 

La
pw

in
g 

Va
ne

llu
s 

m
ile

s
G

ra
ss

la
nd

s,
 m

ud
-fl

at
s,

 u
rb

an
 p

ar
ks

. 
Ju

ne
 to

 D
ec

em
be

r. 
S

ha
llo

w
 h

ol
lo

w
 s

cr
ap

ed
 in

 
gr

ou
nd

. 
6

E
P

B
C

 A
ct

La
rid

ae
P

ac
ifi

c 
G

ul
l 

La
ru

s 
pa

ci
fic

us
C

oa
st

al
.

S
ep

te
m

be
r t

o 
D

ec
em

be
r. 

H
ol

lo
w

 s
cr

at
ch

ed
 in

to
 th

e 
sa

nd
 a

bo
ve

 b
ea

ch
. 

U
np

ro
te

ct
ed

La
rid

ae
S

ilv
er

 G
ul

l 
La

ru
s 

no
va

eh
ol

la
nd

ia
e

C
oa

st
al

, i
nl

an
d 

w
at

er
s,

 u
rb

an
 a

re
as

.
A

ug
us

t t
o 

D
ec

em
be

r. 
N

es
ts

 in
 c

ol
on

ie
s.

 
U

np
ro

te
ct

ed
La

rid
ae

C
as

pi
an

 T
er

n 
St

er
na

 c
as

pi
a

C
oa

st
al

; a
ls

o 
in

la
nd

 w
at

er
co

ur
se

s.
 

U
np

ro
te

ct
ed

La
rid

ae
C

re
st

ed
 T

er
n 

St
er

na
 b

er
gi

i
C

oa
st

al
.

N
es

ts
 in

 c
ol

on
ie

s 
on

 o
ff-

sh
or

e 
is

la
nd

s.
U

np
ro

te
ct

ed

La
rid

ae
Fa

iry
 T

er
n 

St
er

na
 n

er
ei

s
C

oa
st

s,
 o

cc
as

io
na

lly
 in

la
nd

 w
at

er
co

ur
se

s.
H

ol
lo

w
 a

m
on

g 
de

br
is

, c
lo

se
 to

 w
at

er
. S

m
al

l c
ol

on
ie

s 
on

 is
la

nd
s 

or
 is

ol
at

ed
 lo

ca
tio

ns
. 

V
ul

ne
ra

bl
e 

(S
A

 N
P

&
W

S
) s

sp
 n

er
ei

s 
vu

ln
er

ab
le

 
E

P

La
rid

ae
W

hi
sk

er
ed

 T
er

n 
C

hl
id

on
ia

s 
hy

br
id

a
La

ke
s 

an
d 

es
tu

ar
ie

s.
 

U
su

al
ly

 n
es

ts
 in

 a
re

as
 te

m
po

ra
ril

y 
un

de
r f

lo
od

 
w

at
er

s.
U

np
ro

te
ct

ed

C
ol

um
bi

da
e

R
oc

k 
D

ov
e 

C
ol

um
ba

 li
vi

a*
R

ai
nf

or
es

ts
 a

nd
 s

cr
ub

. O
cc

as
io

na
lly

 is
ol

at
ed

 tr
ee

s.
 

Ju
ly

 to
 F

eb
ua

ry
. N

es
t i

n 
ho

llo
w

s,
 d

ea
d 

w
oo

d 
an

d 
gr

ou
nd

 d
eb

ris
.

U
np

ro
te

ct
ed

C
ol

um
bi

da
e

C
om

m
on

 B
ro

nz
ew

in
g 

Ph
ap

s 
ch
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op
te
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D

ry
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re
st

, w
oo

dl
an

ds
, m

al
le

e,
 h

ea
th

 a
nd

 c
oa

st
al

 s
cr

ub
.

S
ep

te
m

be
r t

o 
Ja

nu
ar

y.
 S

m
al

l s
au

ce
r o

f s
tic

ks
 in

 ta
ll 

tre
e.

 
U

np
ro

te
ct

ed
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ol
um

bi
da

e
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ru
sh
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ro

nz
ew

in
g 
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ap
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el
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oo
dl

an
ds
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ea
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nd
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so
m
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al
le
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ea
s.

 
Id

en
tic

al
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om

m
on

 B
ro

nz
ew

in
g.

 
U

np
ro

te
ct

ed
C

ol
um

bi
da

e
C

re
st

ed
 P

ig
eo

n 
O

cy
ph

ap
s 
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ph
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Li
gh
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gr
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.

S
im
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C
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nz
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in

g.
 

U
np
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te
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ed
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e
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l D
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S
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N
ov
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w
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 c
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ee
 h

ol
lo

w
s.

 
U

np
ro

te
ct

ed

A
po

di
da

e
Fo

rk
-ta

ile
d 

S
w

ift
 

Ap
us

 p
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.
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P
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 d
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 c
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re
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nd
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ea

th
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ne
 to

 D
ec
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r. 
D
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e 

ne
st
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n 
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ou
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r n
ea

r 
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nd
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eg
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n.
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np
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ar
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ll 

Sm
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ro
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 b

re
vi
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ris
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 b
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vi
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D

ry
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st

, w
oo

dl
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, m
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le

e.
 

A
ug
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o 
D

ec
em

be
r. 

S
m

al
l n

es
t i

n 
tre

e 
or

 s
hr

ub
 o

f 
an

y 
he

ig
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. 
U

np
ro

te
ct

ed
P

ar
da

lo
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ae
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la
nd

 T
ho

rn
bi

ll 
Ac

an
th

iz
a 

ap
ic

al
is

D
ry

 s
cr

ub
 to

 c
oa

st
al

 h
ea

th
s.

Ju
ly

 to
 D

ec
em

be
r. 

U
np

ro
te

ct
ed

P
ar

da
lo

tid
ae

C
he

st
nu

t-r
um

pe
d 

Th
or

nb
ill

 
Ac

an
th

iz
a 

ur
op

yg
ia

lis
D

ry
 w

oo
dl

an
ds

, m
al

le
e 

an
d 

m
ul
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. 

A
ug

us
t t

o 
D

ec
em

be
r. 
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 s

m
al

l h
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lo
w
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f t
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e.
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D

ec
em

be
r. 

U
np

ro
te

ct
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P
ar

da
lo
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ae

Y
el

lo
w

-r
um

pe
d 

Th
or

nb
ill

 
Ac

an
th

iz
a 

ch
ry

so
rrh

oa
O

pe
n 

w
oo

ds
, p

ar
kl

an
ds

. 
Ju

ne
 to

 D
ec

em
be

r. 
B

ui
lt 

2-
5m

 fr
om

 th
e 

gr
ou

nd
 in

 
de

ns
e 

fo
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e.
U

np
ro

te
ct
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P
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lo
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ae
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n 
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n 
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 c
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r d

ea
d 
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. 
Ju

ne
 to

 N
ov

em
be

r. 
U

np
ro

te
ct

ed
M
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ip

ha
gi

da
e

R
ed

 W
at

tle
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rd
 

An
th

oc
ha

er
a 

ca
ru

nc
ul

at
a

Fo
re

st
s,

 w
oo

dl
an
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 a

nd
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ub
ur
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.

Ju
ly

 to
 F
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ua
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U
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S

pi
ny

-c
he
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 m
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 d
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 m
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 D
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 m
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P
achycephalidae

G
rey S

hrike-thrush 
C

olluricincla harm
onica

Forest, w
oodland, scrub, m

allee, gardens. 
July to Febuary. N

est in hollow
s, dead w

ood and 
ground debris.

U
nprotected

D
icruridae

M
agpie-Lark 

G
rallina cyanoleuca

O
pen areas, roadsides, often near w

ater. 
S

pring to early sum
m

er. A
ny horizontal lim

b betw
een 

3-20m
 above ground.

U
nprotected

D
icruridae

G
rey Fantail 

R
hipidura fuliginosa

Forest and w
oodlands. 

U
nprotected

D
icruridae

W
illie W

agtail 
R

hipidura leucophrys
E

veryw
here except from

 very w
et forests. 

July to D
ecem

ber. B
uilt on anything suitable, less 

than 5m
 above ground.

U
nprotected

C
am

pephagidae
B

lack-faced C
uckoo-S

hrike 
C

oracina novaehollandiae
O

pen w
oodlands and forests. 

A
ugust to January. B

etw
een 10-20m

 above ground.
U

nprotected

C
am

pephagidae
W

hite-w
inged Triller 

Lalage sueurii
O

pen country and w
oodlands. 

S
eptem

ber to Febuary. S
m

all nest in fork. A
lso 

M
agpie-Lark nests.

U
nprotected

A
rtam

idae
D

usky W
oodsw

allow
 

Artam
us cyanopterus

O
pen forests and w

oodlands. 
A

ugust to January. Fork of tree, betw
een 5-10m

 
above the ground.

U
nprotected

A
rtam

idae
G

rey B
utcherbird 

C
racticus torquatus

O
pen forest, w

oodland, m
allee, urban and farm

land. 
July to D

ecem
ber. Fork of tree clear of foliage, up to 

5m
 from

 the ground.
U

nprotected

A
rtam

idae
A

ustralian M
agpie 

G
ym

norhina tibicen
O

pen forest, farm
s and urban land. 

June to D
ecem

ber. Fork of tall tree. B
etw

een 5-15m
.

U
nprotected

C
orvidae

A
ustralian R

aven 
C

orvus coronoides
M

ost types except closed forest. 
July to S

eptem
ber. U

pright fork of tree/pow
erpole, 

over 10m
 above ground.

U
nprotected

C
orvidae

Little R
aven 

C
orvus m

ellori
M

ost types except closed forest. 
June to S

eptem
ber. S

m
aller trees/pow

erpoles. 
B

etw
een 3-10m

 from
 the ground. 

U
nprotected

C
orvidae

Little C
row

 
C

orvus bennetti
M

ost types in arid and sem
i arid zones. O

utback tow
ns. 

A
ugust to January. Fork of a tree, betw

een 1-10m
 

from
 the ground.

U
nprotected

C
orcoracidae

W
hite-w

inged C
hough 

C
orcorax m

elanorham
phos

D
ry w

oodland and m
allee. 

A
ugust to D

ecem
ber. M

ud nest in tree betw
een 3 

and 10m
 from

 the ground.
V

ulnerable E
P

M
otacillidae

R
ichard's P

ipit 
Anthus novaeseelandiae

O
pen country, grassland. 

A
ugust to D

ecem
ber. G

rass nest in a depression.
U

nprotected
P

asseridae
H

ouse S
parrow

 
Passer dom

esticus*
H

um
an habitation, farm

land, reedbeds. 
U

nprotected

H
irundinidae

W
hite-backed S

w
allow

 
C

heram
oeca leucosternus

Inland sandy country. 
July to D

ecem
ber. Tunnel in bank approx 1m

 long.
U

nprotected

H
irundinidae

W
elcom

e S
w

allow
 

H
irundo neoxena

A
ll kinds, especially near w

ater. 
July to January. N

est attatched to vertical support of 
m

any kinds. 
U

nprotected

H
irundinidae

Tree M
artin 

H
irundo nigricans

O
pen w

oodland.
July to D

ecem
ber. H

ollow
s 1-30m

 above the ground.
U

nprotected

S
ylviidae

Little G
rassbird 

M
egalurus gram

ineus
R

eeds, tussocks in sw
am

ps. 
July to D

ecem
ber. In herbage or lignum

. Less than 
1m

 from
 the ground. 

E
P

B
C

 A
ct

A
laudidae

R
ufous S

onglark 
C

incloram
phus m

athew
si

W
oodland, parklands, hedges, lightly tim

bered grassland. 
A

ugust to D
ecem

ber. N
est on ground, often in thick 

vegetation.
U

nprotected

A
laudidae

B
row

n S
onglark 

C
incloram

phus cruralis
G

rassland and crops.
A

ugust to D
ecem

ber. N
est on ground, under grass 

or cultivated crop.
U

nprotected
Zosteropidae

S
ilvereye 

Zosterops lateralis
A

ll types, orchards, gardens. 
A

ugust to D
ecem

ber. In shrub or bush.
U

nprotected
M

uscicapidae
C

om
m

on B
lackbird 

Turdus m
erula*

W
ide variety.

A
ugust to A

pril.
U

nprotected
S

turnidae
C

om
m

on S
tarling 

Sturnus vulgaris*
U

rban and country. 
A

ugust to M
arch. In tall trees.

U
nprotected
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Year
C

oastal reserve
C

oastal reserve

1880
1881
1903
1910
1920
1928
1929
1934
1949
1951
1952
1959
1961
1962
1963
1964
1965
1968

1969
1970

1971
1972
1973

N
ew

 and balance 
C

T 4007/701
N

ew
 and B

alance C
T 

4007/699
P

ortion of w
ithin 

land discharged 
form

 encum
brance. 

Transfer 3534069 
to the m

inister of 
agriculture new

 C
T 

for that portion 
4007/698

P
ortion of w

ithin 
land discharged 
from

 
em

cum
brance. 

Transfer 3534069 
portion to M

inister 
for A

griculture 
new

 C
T for that 

portion 4007/698

N
ew

 and B
alance 

C
T 4007/700

1974
C

T 4007/698 
1975
1978

P
ortion to C

T 
4139/17 transfer 
4249305 to 
R

ichard S
w

inburne 
Jolly and H

elen 
Fraser Fell. 
E

asem
ents set 

forth in transfer

P
ortion to C

T 
4139/18 transfer 
4249306 to R

ichard 
S

w
inburne Jolly and 

H
elen Fraser Fell. 

E
asem

ents set forth 
in Transfer

P
ortion to C

T 
4139/19

P
ortion to 

C
T 4139/20

P
ortion to 

C
T 

4139/21
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Appendix VI – Land tenure documents 
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Appendix VII – Diagram book 
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Delta Environmental Consulting has a core staff of three, supported by a range of contract 
and resource personnel, who may be employed for specific projects, on a more permanent 
basis, or in a resource capacity. 
 
Peri Coleman (M AppSc - Environmental Management 
and Restoration) has extensive experience in identifying 
marine and terrestrial flora and fauna of the mainland states 
and Tasmania, conducting biological surveys, producing 
reports and educational materials. Her main interests 
include biological survey work, revegetation and 
rehabilitation, scientific illustration and desktop publishing, 
preparation of herbarium and museum specimens, 
management plans, taxonomy and classification, solar 
saltfield biology, environmental education programs, 
computer application development, wetland studies and mangrove and samphire ecosystems. 
 
Peri owns, and is senior consultant for, Delta Environmental Consulting. She is a member of 
the South Australian Coast Protection Board, Barker Inlet Port Estuary Committee and chair 
of the Northern Adelaide & Barossa Regional Steering Committee of Waterwatch. Peri has a 
strong commitment to research, with several recent papers accepted for international 
publication. She is a fellow of the Royal Society of South Australia and member of the 
International Society for Salt Lake Research. 
 
 
Faith Cook (Grad Dip GIS & Remote Sensing, Dip Env Man) is employed by Delta 
Environmental Consulting to provide technical and consulting services.   Faith has strengths 
in remote sensing, statistics and biometrics. She provides services in the GIS and mapping 
areas, development of computer database and spreadsheet applications, environmental risk 
assessments, archival searches, water testing and laboratory work, fieldwork, and desktop 
design and publishing.  

 
Faith’s interests include radio telemetry and she has a Novice 
(limited) Amateur Radio Operator (WIA) licence and also 
holds a Marine band licence.  
 
Faith is a fellow of the Royal Society of South Australia and 
a member of the International Society for Salt Lake 
Research. Her current research interests include diatom 
ecological preferences and samphire ecology. 

 
 
Jenny Larter (B Technology, Forensic and Analytical Chemistry) is employed on a 
permanent part-time basis to provide laboratory and forensic expertise. Jenny brings a wide 
understanding of testing methodologies, and legal evidentiary requirements, to her position. 
When Jenny is not examining samples from assorted drains, or quantifying the minute 
concentrations of contaminants in water samples, she enjoys choral singing and bushwalking. 
 
 
For further information on any Delta Environmental Consulting staff member, or information 
on the projects the company has been involved with, please visit our web site at 
http://www.deltaenvironmental.com.au  
 
 

http://www.deltaenvironmental.com.au/
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1.  AIM OF STUDY 
 
The aim of the study is to provide advice on the layout and construction of the breakwaters 
and to comment on the workability of the entrance channel. 
 
The document prepared by DSC, studying wave conditions at the site and detailing water 
levels, has been used as a basis for this study. 
 
Considerations regarding the breakwaters are: how far out they should extend and how high 
they should be to achieve protection while not creating too great a visual obstruction. 
 
Comment is required on sand and seagrass movements in Murat Bay and how these will 
effect the proposed structures and inlet channel. 
 
 
2.  DATA SUPPLIED 
 

• Study by DSC, engineering assessment for EIS, August 2004 
• Reports by Eco Management Services, Draft Environmental Assessment, August 

2004 
• Water circulation patterns SA Coastal Seas, University of Adelaide, March 1998 
• Drawing of proposed development overlaid on aerial photograph. 

 
 
3.  SITE INSPECTION 
 
A site inspection was carried out on 10th December 2004, with a view to reaching a better 
understanding of the coastal processes. 
 
The following locations were visited around the Murat bay, see Figure 1, Cover Page: 
1. Eastern side of the bay at Thevenard, 
2. Boat Launching ramp, 
3. Yacht club, 
4. Beach at development site, 
5. Westside of above Beach. 
 
Observations made at each site are described below. 
 
Site 1 - Thevenard. 
The rocky cliffs were noted and the lack of any substantial sand sources, some erosion from 
wave action was evident. 
 
Site 2 – Boat Ramp 
 
The rock fill approach to the boat ramp crosses a fairly narrow sandy beach.  It was noted 
that there was a small accretion of sand on the west side of the approach, indicating some 
small eastward movement of sand. 
Some dead seagrass was noted at the top of the beach. 
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Site 3 – Yacht Club 
 
A concrete boat ramp has been built across the beach and there is a small accretion of sand 
against the ramp on the southern side, indicating a small drift in the northerly direction.  A 
sample of sand was collected. 
 
Site 4 – Beach at development site 
 
The beach upon which the breakwaters will be constructed is very flat extending out 
approximately 500 meters to low tide level.  At the top of the beach modest amounts of 
dead seagrass  have collected and at the end of the beach mangroves are growing. 
 
Small sand ripples occur, showing there is some disturbance of the sand by wave action. 
Fresh dead seagrass was in evidence halfway down the beach. 
 
At low tide I excavated some small holes in the beach at several locations and noticed that 
only the top 50 mm of the sand was clean, after this shell grit and sand of a darker color 
occurred indicating only the top layer was being disturbed. 
 
I then walked out to the start of the seagrass beds and at this point there was an increase in 
the slope of the beach.  At the stop of the slope I was able to probe down approximately a 
metre and clean sand extended a fair way below the surface, indicating a greater movement 
of sand.  I collected a sample of sand in this area. 
 
Site 5 – On the western side at Round Point. 
Mangroves are growing in the area.  I walked out to the start of the seagrass and collected a 
sample of sand in a sandy patch.  There were no signs of significant sand movement. 
 
Nature of Sand 
 
The sand collected from all the locations around the bay were very fine which would 
enable quite small waves to disturb and move it. 
 
The overall impression formed was that there are small movements of sand around the bay, 
and that modest quantities of dead seagrass accumulate on most beaches . 
 
Currents in Murat Bay 
 
Tidal changes and wave action  cause currents in the bay, which  tend to move both sand 
and dead seagrass. 
 
The University of Adelaide have carried out computer modeling of currents along the 
coastline and reported their results in: ‘Water Circulation patterns in South Australian 
Coastal Seas caused by tides and meteorological effects’. Section 2.2.1 of the Report 
discusses currents in Murat Bay and these are illustrated on Figure 2.24 reproduced below 
as Figure 2.  The diagram on Figure 2 is for an incoming tide and a Southerly wind.  
Reasonable currents in the entrance to the bay are shown, but the currents indicated on the 
breakwater site are small and directly onshore and thus unlikely to cause transverse sand 
movements. 
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Figure 2 – Predicted Currents, Murat Bay 

 
 
4.  BREAKWATER ENTRANCE LOCATION 
 
The location of the breakwater entrance is currently shown some distance back from the 
weed line.   
 
Based on the observations  set out in Section 3,  I recommend the entrance be extended past 
the junction of sand and seagrass by approximately 30 metres.   
 
By moving further out a greater natural depth is reached before starting on the dredge 
channel.  There is always less sand movement in the deeper water.  In the present location 
the natural depth is such that breakers would occur at very low tides and it is the waves 
breaking that cause disturbance of the sand with the possibility of sand movement. 
 
To achieve the requirement above, the breakwaters themselves could be moved seawards or 
Training Walls could be extended alongside the channel as shown on Figure 3. 
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5.  BREAKWATER SLOPES AND HEIGHT 
 
The appropriate height of the breakwaters is based on determining the highest predicted 
water level and the run-up of the waves. 
 
 The sea level rise predicted by some authorities need not be factored into considerations of 
breakwater height as these can be  raised if it becomes essential. 
 
DSC  found a maximum significant wave height of 1.9 metres, and an extreme tide level of 
RL +2.3 metres AHD, 100 year ARI storm. 
 
Excessive overtopping is undesirable but a certain amount under very severe conditions is 
acceptable, and on this basis I am recommending a breakwater height at the entrance and 
extending along to the East which covers the section which is subject to the largest waves, 
of RL +4.0 metres related to AHD. 
 
The Western breakwater can reduce in height as it heads towards to the shore, and could 
finish at RL +3.0 metres. 
 
To reduce run up and improve long term stability of areas most exposed to wave action I  
recommend a slope of 1 in 3 in these areas which include the outer face of the western and 
southern breakwaters at the seaward end. 
 
 
6. ENTRANCE CHANNEL 
 
Based on the Admiralty Chart soundings the channel will need to extend out approximately 
a further 1000 metres from the end of the training walls. 
 
To make appropriate comment on how the channel would perform we need to find out the 
type of material and so determine excavation method and channel slopes. 
 
The area may be rocky with sand patches in which case the main problem will be 
excavation and side slopes could be quite steep for example 1 in 2, 1 vertical 2 horizontal, 
and if the area turns out to be fine sand then flatter slopes would be needed and most likely 
rock protection to prevent sideways erosion of the sea floor due to the wash from vessels. 
 
An alternative to rock protection may be sand filled sacks or some type of geotextile 
container.  It would be best if these arrangements allowed seagrass to repopulate the side 
slopes. 
 
The other consideration is the possible infilling of the channel with sand or dead seagrass. 
 
On the basis of present knowledge provided the channel sides are stabilised either naturally 
or with rock protection deposition of sand will be minimal but some seagrass accumulation 
can be expected. 
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Breakwaters 

Entrance 
Channel 

Training 
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Figure 3 – Breakwaters and Channel Layout 
 
7. CONDITIONS INSIDE THE HARBOUR 
 
The entrance faces approximately South-West and with South-Westerly winds, the waves 
will approach the entrance directly and will travel through into the harbour.  After passing 
through the entrance they will fan out and reduce in height.  Some loss of energy will occur 
in the entrance and the 1 in 3 slopes which I am recommending in section 5, will also 
increase the dissipation of energy. 
 
With Westerly winds, because the waves will approach the mouth at an angle and with the 
presence of training walls, a much greater dissipation of energy will occur and conditions 
inside will be very acceptable. 
 
Although as described above waves created by South-Westerly winds will directly enter the 
entrance I still would not recommend making any changes to the entrance such as 
overlapping breakwaters to reduce input of wave energy because I think it is important that 
the access to the sea be direct and also it must be remembered that very bad conditions 
occur infrequently.   
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8. TRAINING WALLS 
 
The training walls recommended in Sections 5 and 7 would be of similar construction to 
the breakwaters but the top level could be lower at approximately RL +3 metres.   
 
The slopes on both faces should be 1 in 3 with appropriate armouring rock on both sides 
and top. Vessel wash and the effect of waves running along their faces needs to be allowed 
for. 
 
The training walls have a further advantage that they will tend to cause sand or seagrass to 
be trapped in the re-entrant corners where they join the breakwaters rather than this 
material moving into the entrance and into the marina basin itself. 
 
Accumulations in these corners would also be more accessible for periodic removal by land 
based equipment. 
 
 
9. AERIAL PHOTOGRAPHS 
 
Aerial photographs were obtained from Mapland extending back to 1958. 
 
The following dates were obtained: 4/12/1958, 29/4/1980, 26/5/1998, 24/3/2004 
 
The photographs were studied with special interest in the beach at the breakwater site and 
although it is not possible to reach a definite conclusion from such data, there is no obvious 
significant coastal changes. 
 
 
10. FURTHER INVESTIGATION SUGGESTED 
 

1. Soundings of the area covering the entrance channel 
2. Penetrometer survey of the sea floor for preliminary determination of material and 

the depth of sand. 
3. Tube sampling along the line of the channel, to detect changes in the material. 
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11.  CONCLUSION 
 
Murat Bay is a relatively sheltered bay and hence the coastal process are fairly benign.  
 
It is our opinion that serious problems will not be encountered with sand or seaweed 
movement but care will  be needed to properly establish the entrance channel. 
 
It is our firm recommendation that the training wall arrangement outlined should be 
adopted because of its benefits in improving harbour tranquility, taking the protected 
channel into deeper water and in providing pockets to capture floating seagrass. 
 
 
 
 
 
 
 
 

 
Figure 4 – Site of Breakwaters 
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