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AN INVITATION TO COMMENT ON TFIIS PER 	 -, - 7 

The Environmental Protection Authority (EPA) invites people to make a 
submission on this Public Environmental Review (PER). 

The Shire of Carnarvon proposes to develop a canal, residential and tourist 
development in the South Arm of the Gascoyne River (the Fascine). 111 accordance 
with the Environmental Protection Act 1986, a PER has been prepared which 
describes this proposal and its likely effects on the environment. The PER is 
available for a public review period of 8 weeks from 16 November 1992 and 
finishing on 25 January 1993. 

Following receipt of comments from government agencies and the public, the EPA 
will prepare an assessment report with recommendations to government, taking into 
account issues raised in public submissions. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put 
forward your suggested course of action - including any alternative approach. It is 
useful if you indicate any suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be 
treated as public documents unless confidentiality is requested, and may be quoted 
either in full or in part in each report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining with a 
group or other groups interested in making a submission on similar issues. Joint 
submissions may help to reduce the workload for an individual or group, as well as 
increase the pool of ideas and information. If you form a small group (up to 
10 people) please indicate all the names of the participants. If your group is larger, 
please indicate how many people your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in 
the PER or the specific proposals. It helps if you give reasons for your conclusions, 
supported by relevant data. You may make an important contribution by suggesting 
ways to make the proposal environmentally more acceptable. 

When making comments on specific proposals in the PER: 

clearly state your point of view; 

indicate the source of your information or argument if this is applicable; 

suggest recommendations, safeguard or alternatives. 	 LIBRARY 
DEPARTMENT OF ENVIRONMENTAL PROTECTIOcJ 

WESTRALIA SQUARE 
141 ST. GEORGES TERRACE, PERTH 



Points to keep in mind 

By keeping the following points in mind, you will make it easier for your 
submission to be analysed: 

attempt to list points so that the issues raised are clear. A summary of your 
submission is helpful; 

refer each point to the appropriate section, chapter or recommendation in 
the PER; 

if you discuss different sections of the PER, keep - them distinct and 
separate, so there is no confusion as to which section you are considering; 

attach any factual information you wish to provide and give details of the 
source. Make sure your information is accurate. 

please indicate whether your submission can be quited in full or in part by 
the EPA in its Assessment Report. 

Remember to include: 

your name; 
address; and 
date. 

The closing date for submissions is: 

25 January 1993 

Submissions should be addressed to: 

The Chairman, 
Environmental Protection Authority, 
GPO Box S 1400, 
PERTH W.A. 6001. 

Attention: Ms E. Bunbury 

or for hand delivery: 

9th Floor, 
Westralia Square, 
38 Mounts Bay Road, 
PERTI-I W.A. 6000. 
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SUMMARY 

This document presents a proposal by the Department of Marine & Harbours 
(DMH), on behalf of the Shire of Carnarvon, to develop land adjacent to the 
Carnarvon Fascine for the purposes of residential and tourist accommodation and 
recreation. 

Features of the proposal include the staged provision of adequate serviced 
residential land to meet medium- to long-term requirements, and additional sites for 
tourist accommodation, in the form of a motel and caravan park sites, civic 
facilities and open space. 

The benefits of the proposal are seen as the consolidation of urban development 
around the Carnarvon business district, the shifting of the focus of the town toward 
the waterfront to emphasise and take advantage of its seaside location, the 
provision of waterfront housing and tourist accommodation, the deepening of the 
Fascine to provide mooring for recreational boats and to provide for the 
navigability of the Fascine for small boats on all stages of the tide, and to provide 
for the restoration of the historic causeway and tramway bridge. 

The development of land on Babbage and Whitlock Islands is made possible by the 
construction of the Babbage Island levee which has closed off the South Arm 
channel from the main channel of the Gascoyne River, protecting the South Arm 
and the adjacent land on Babbage and Whitlock Islands from flooding. The higher 
value of the waterfront land provides the economic justification for its construction 
from dredge spoil. 

The principal impact of this development will be a reduction in the area of dune 
and dry samphire habitat present within the development area. A development 
constraints study has identified that this can be done without direct impact on 
habitats of high conservation value. 

The closer proximity of development to such habitats, however, increases the need 
to manage disturbance to adjacent areas of higher value habitat, such as the 
mangroves and wet samphire, and intertidal sand flats with a recognised waterbird 
habitat value. The development of a management plan to cover all parts of the 
foreshore and proposed conservation areas has therefore been recommended in 
addition to the necessary plans for construction and canal management. 



LeProvost Environmental Consultants 	 1 

CARNARVON FASCINE 

PUBLIC ENVIRONMENTAL REVIEW 

1 INTRODUCTION 

	

1.1 	THIS DOCUMENT 

This document is a Public Environmental Report (PER) for a proposal to develop 
residential areas and tourist facilities adjacent to the Carnarvon Fascine waterway 
in the town of Carnarvon, Western Australia (Fig. 1). This level of assessment was 
detemüned by the Environmental Protection Authority (EPA) on the basis of a 
Preliminary Appraisal and a Proposal Application submitted by the Proponent to 
the EPA in June 1990. 

The purpose of the document is to describe the salient features of the proposed 
development and the existing environment, assess the environmental impacts of the 
proposal and present appropriate management procedures to ameliorate these 
impacts. This document is the result of a desk study review, field surveys and 
consultation with relevant local and state authorities. 

	

1.2 	THE PROPONENT 

The Proponent for the Carnarvon Fascine development is the Shire of Carnarvon. 
The project manager for the development of the concept plan is the Western 
Australian Department of Marine & Harbours (DMH). Development of various 
stages may be undertaken by a developer(s) selected by the Shire of Carnarvon. 
Upon appointment, agreements will be entered into with the selected developer to 
construct and manage the development in a manner consistent with the proposed 
development outline and the commitments made in this report. It is anticipated that 
a similar agreement will be made with the Carnarvon Yacht Club Inc. who it is 
expected will undertake the development and be responsible for the day to day 
management of the yachting marina. 

1.3 BACKGROUND 

Carnarvon is located within the southern part of the Gascoyne River delta system 
on the coast of Western Australia, some 600 km to the north of Perth. The town is 
situated on the eastern bank of the South Arm river channel of the Gascoyne River. 
This waterway is more commonly referred to as the Cárnarvon Fascine (Fig. 1) and 
this name has been adopted throughout this report. 
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Much of Carnarvon is built on land reclaimed from the low lying delta and is 
protected from floods by artificial levee banks and retaining walls. Existing urban 
areas in Carnarvon are situated on Secondary Island, to the south-east of the 
Fascine around Massey Bay; Brockman, which adjoins the Fascine to the east; and 
Morgantown and East Carnarvon, which extend to the east along the Gascoyne 
River (Fig. 2). 

Further growth of the town is constrained by a lack of readily developable and 
flood-free land. Of the existing urban areas, the Secondary Island area is 
substantially developed and, while the opportunity exists to further subdivide land 
within the East Camarvon area, these areas have limited capacity to accommodate 
substantial or long-term urban growth. Areas on Babbage and Whitlock Islands, to 
the north-west of the Fascine, have been identified in the Shire of Camarvon Town 
Planning Scheme No. 10 as a focus of future development based on a desire to 
expand the town on a continuing front, on the basis of general community 
expectations, climatic considerations and a desire to enhance the functions of the 
Central Business District. 

Development of the Fascine waterway has been identified as providing an 
opportunity for increasing both the attractiveness of the town to tourists and the 
amenity value 'of the area for local residents. The provision of a permanent 
navigable waterway, public car and trailer parking and launching ramps and yacht 
club marina, together with associated holiday accommodation would increase the 
opportunities for both the local population and visitors to enjoy water-based 
recreational activities in Carnarvon. 

1.4 	PROPOSED DEVELOPMENT 

The possibility of developing land on Babbage and Whitlock Islands for urban 
development was examined by the Department of Land Administration (DOLA) 
(1988). This study recommended that, while a large portion of Babbage Island was 
suitable for development, Whitlock Island and the southern region of Babbage 
Island were unsuitable due to servicing and development costs, and should be set 
aside as reserves, recognising the value of the shoreline for recreational purposes 
and the more complex mangrove ecosystems for conservation. A development 
constraints study was undertaken in 1989 by LeProvost, Semeniuk & Chalmer 
(LSC) [now LeProvost Environmental Consultants (LEC)], with the emphasis on 
differentiating between economic and environmental constraints. That study 
identified areas of Whitlock Island which did not represent areas of high 
conservation value on which it would be physically possible to develop with the 
addition of fill material, taking advantage of the higher land values associated with 
waterfront land to improve economic viability (Appendix 1). Planning of the 
proposed development has been based on the findings of the latter study. 
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The objectives of the proposed development are to: 

provide attractive residential land close to the Carnarvon Central Business 
District (CBD) incorporating both traditional and waterfront (canal) 
residential lots; 

increase the attractiveness of Carnarvon to tourists by emphasising the 
coastal location and providing for aquatic recreation; 

provide greater amenity for local residents by the provision of facilities such 
as a public boat launching ramp, car parking, barbecue facilities and 
adventure playgrounds; and 

to incorporate within the overall development a small yachting marina 
located in close proximity to the existing Carnarvon Yacht Club facilities. 

It is proposed to dredge the upper reaches of the Fascine waterway, and use the 
dredge spoil to enhance the land capability of portions of Babbage and Whitlock 
Islands and the shoreline of the existing Brockman subdivision. The development 
will provide residential lots and sites for tourist facilities including a caravan park 
and a hotel/motel (Fig. 3). The historic tramway bridge will be stabilised and 
repaired, and retained as a pedestrian access. 

Management for the project will ensure continued access to the Fascine by shallow 
draft vessels by providing for dredging, as required, to maintain the channel, which 
is no longer scoured when the Gascoyne River is in flood. Investigations have 
indicated that maintenance dredging requirements will be minimised if shallow 
draft vessels use the water body (DMH, 1990). 

The filled land will become suitable for development and increase the stock of 
urban land available for the future development of Carnarvon. The development 
will offer an alternative type of residential land, i.e. waterfront residential, together 
with land for assOciated commercial and community purposes. 

1.5 	PUBLIC PARTICIPATION 

The Fascine development proposal has already been through an extensive public 
review and analysis centred on the Carnarvon Future Directions study which was 
initiated in 1988. Public input has been sought through special Council meetings, 
public forums, displays attended by council staff have been held at the local library 
and shopping centre, and public submissions have been sought. 

Scope for further public input will be provided during the eight week period that 
this PER will be available for public comment. 
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1.6 	TIMING OF DEVELOPMENT 

The development would be constructed in stages according to demand, 
commencing with the tourist facilities and urban areas directly adjoining the 
Fascine. The proposed development will involve construction of Stages 1, 2 and 4 
as indicated on the Concept Plan (Fig. 4). Stage 3 and Stages 5-8, including the 
proposed causeway and bridge, would be constructed at a later date according to 
demand. Hence the major part of the dredging programme would be undertaken 
during the initial stages of construction. Dredging and spoil disposal north of the 
proposed causeway and bridge would be undertaken progressively with staged 
development: 

	

1.7 	RELEVANT STATUTORY REQUIREMENTS. 
APPROVAL PROCEDURE 

1.7.1 EPA Approval, Procedure 

The procedures which must be followed in order to gain approval to develop this 
project are: 

acceptance of this PER prepared in accordance with guidelines issued by 
the EPA; 

release of the PER for an eight week public review period; 

EPA environmental impact assessment of the PER, taking into consideration 
issues raised in public submissions and advice from relevant authorities; 

EPA recommendation to Government (through the Minister for the 
Environment) that the project is environmentally acceptable, and 
Government acceptance of that recommendation; 

determination of Conditions of Approval by the Minister for the 
Environment; and 

compliance with those Environmental Conditions which are required by the 
Minister to be satisfied before the proposal can be implemented. 

1.7.2 Planning Approval Procedure 

The land is zoned appropriately for residential and tourist purposes, however, the 
endorsement of the Department of Planning and Urban Development (formerly the 
State Planning Commission) is required prior to development being implemented. 
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Acceptance by Government of the recommendations presented in this report is a 
precursor to this endorsement. 

The Shire recognises that the incorporation of waterfront residential lots and a 
small-boat marina within the overall development may necessitate a partial 
rezoning of the land to define the affected portion as a Canal Zone under, the 
Shire's town planning scheme, and is prepared to initiate such a rezoning. 

The development will comply with the requirements set out in State Planning 
Commission Policy No. DC 1.8, Procedures for the Approval of Artificial 
Waterways and' Canal Estates (DPUD, 1992). 

1.73 Deeds of Agreement for Long-term Management 

Legal agreements will be finalised between the Proponent (the Shire of Carnarvon) 
and the developer, should a private developer be appointed to undertake the 
development, and the DMH, to define ongoing responsibilities and long-term 
funding for the management of the Fascine waterway and foreshore, the urban and 
tourist developments, and conservation areas on Babbage and Whitlock islands, in 
accordance with the guidelines presented in Section 5.2.6 of the Canal Guidelines 
Policy (DPUD, 1992). 

1.8 	STRUCTURE OF PUBLIC ENVIRONMENTAL REVIEW 

Guidelines for the preparation of the PER have been provided by the EPA and are 
presented in Appendix 1. The structure of this PER broadly follows the structure 
outlined in those guidelines. 

Section 1 of the PER introduces the Proponent and the proposal, and outlines the 
relevant statutory requirements. The study team is identified and the assistance of 
various Government departments acknowledged. 

Section 2 evaluates potential alternatives to the proposed development. 

Section 3 describes the project in detail, including construction, servicing and 
operation. 

Section 4 describes the existing physical, biological and social environment in 
order to place the project site into a local and regional perspective. 

Section 5 assesses the potential impacts of the proposed development on the 
environment. 

Section 6 outlines a comprehensive management programme for the development 
to mitigate the impacts identified in Section 5. 
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Section 7 lists the commitments made in this report. 

Section 8 synthesises the major conclusions of the PER. 

Section 9 lists the references cited in the report. 

Section 10 is a glossary of the technical terms used in the report. 

A number of Technical Appendices are included which support the conclusions 
drawn about the effects of the proposed development on the environment. The 
appendices are as follows: 

Appendix 	1: 	Environmental Protection Authority Guidelines for the Public 
Environmental Review; 
Environmental Constraints Study; 
Gascoyne Delta Intertidal Habitats Survey; and 
Review of the Regional Significance of the Fascine to 
Wateifowl. 

1.9 ACKNOWLEDGEMENTS 

The assistance of professional officers of the following organisations in providing 
technical advice in the preparation of this PER is gratefully acknowledged: 

Environmental Protection Authority, 
Shire of Carnarvon, 
Department of Marine and Harbours, 
Department of Conservation and Land Management, 
Department of Agriculture, 
Department of Land Administration, 
Western Australian Museum; and 
Royal Australasian Ornithologists Union. 

1.10 STUDY TEAM 

LeProvost Environmental Consultants, 
Russell Taylor & William Burrell, Town Planners, 
Sinclair Knight & Partners (WA) Pty Ltd. 
Department of Marine & Harbours, 
Port & Harbour Consultants 
Horwarth & Horwarth. 
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2 	ALTERNATIVES CONSIDERED 

2.1 	PRESENT ZONING AND LAND USE 

The land is appropriately zoned for tourist and residential purposes under the Shire 
of Carnarvon Town Planning Scheme No. 10, subject to the endorsement of the 
Department of Planning and Urban Development. 

2.2 	NEED FOR PROPOSAL 

A need has been identified for readily developable and flood-free land that can be 
utilised for residential and tourist development to support the future growth and 
development of Carnarvon. 

In addition, there is a need to improve the amenity value of the town in order to 
attract more tourists and increase tourist stop-over times. Tourism has been 
identified as the industry having the greatest potential to sustain the immediate 
economic strength of Carnarvon DOLA, 1988). 

2.3 	ALTERNATIVE LOCATIONS FOR TOURIST AND 
RESIDENTIAL ACCOMMODATION 

2.3.1 Elsewhere in Carnarvon 

There is no scope for further development of central Carnarvon to provide for 
additional residential development, as the land to the east of the town centre is 
flood prone and regarded as unsuitable for development (Fig. 2). The Brockman 
and Morgantown subdivisions are substantially developed and, while the 
opportunity exists to further subdivide land within the East Carnarvon area, these 
areas have limited capacity to accommodate substantial or long-term growth. These 
areas do not have the capacity to accommodate tourist development or provide 
variety in housing choice or lifestyle (DOLA, 1988). 

2.3.2 Brown Range 

Brown Range is the only area in the vicinity of the Carnarvon townsite other than 
Babbage and Whitlock Islands that provides the opportunity for substantial urban 
or tourist development. The land is flood free and its elevation provides views over 
the adjoining townsite. The land is in Crown ownership and a subdivision design, 
which would generate approximately 1,000 residential lots, has been prepared over 
the area (DOLA, 1988). 
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However, Brown Range is disadvantaged by its distance from the town centre 
(7 km), its relative isolation from existing urban areas, the present lack of an all 
weather access road and less favourable climatic conditions (DOLA, 1988). Brown 
Range is considered to be an inappropriate location for development of tourist 
facilities due to its remoteness from the coastline and the town centre. 

Development of the Brown Range area will not improve the overall attractiveness 
of the town to visitors or existing residents, and will not fulfil the dual objectives 
'of attracting increased length tourist stop-overs and new residents to Carnarvon. 
Nor would it improve the quality of life of existing residents. The development of 
Brown Range would also require the duplication of infrastructure, such as schools, 
shops, etc., which is not seen as being conducive to the homogeneous structure 
required in country towns. 

2.4 	DEVELOPMENT ALTERNATIVES FOR BABBA(;E AND 
WHITLOCK ISLANDS 

2.4.1 DOLA Option (No Development on Whitlock Island) 

The DOLA (1988) report presented a development concept plan for the study area 
involving the provision of residential areas, and recreational and tourist facilities. 
This plan considered only land areas in a condition presently suited for 
development. The possibility of filling low-lying areas with dredge spoil to enable 
them to be developed was not considered. 

Land suitable for residential development was identified mainly within the 
landward areas of Babbage Island with only limited waterfront development 
adjacent to the Fascine. It was considered that Whitlock Island was not suitable for 
development. 

This option will not significantly improve the tourism values of the Fascine area 
since it offers only limited waterfront development and does not provide a 
mechanism whereby increased recreational facilities can be provided in the Fascine. 

2.4.2 Carnarvon Shire Option (Development on Whitlock Island) 

This option provides for substantial waterfront development adjacent to the Fascine 
on both Babbage and Whitlock Islands and adjacent to the existing Brockman 
subdivision. The land capability of low-lying areas would be improved by filling, 
through the use of spoil generated by dredging the Fascine. 

Development of the landward parts of Babbage Island, as indicated in the DOLA 
(1988) report, would follow progressively, according to demand. 
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The dredged Fascine will provide new opportunities for boating and swimming 
immediately adjacent to the main residential areas of Carnarvon. 

This pian provides for the conservation of environmentally sensitive parts of 
Babbage and Whitlock Islands, including the mangrove and tidal samphire habitats 
of southern Whitlock Island and Oyster Creek, and the coastal dunes of Babbage 
Island. 

This scheme is considered to have the greatest potential to fulfil the principal 
objectives of satisfying the demand for additional residential land in Carnarvon and 
increasing the attractiveness of the town to tourists. 

2.5 	NO DEVELOPMENT ON BABBAGE OR 
WHITLOCK ISLANDS OPTION 

The 'no development' option would fail to satisfy the principal objectives of 
providing residential land for the further development of Carnarvon, and of 
improving the attractiveness of the town to both residents and tourists. No 
alternative source of funding for maintaining the navigability of the Fascine or the 
restoration of the tramway bridge has been identified. In addition, there would be 
no revenue available , for the active management of the proposed conservation areas 
on Babbage and Whitlock Islands which is likely to mean that these areas will 
suffer further degradation as a result of unmanaged access 
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3 	DESCRIPTION OF PROJECT 

3.1 	DESIGN CRiTERIA 

The following criteria have been applied in the development of the project design 
presented in this report: 

protection of environmentally sensitive areas, as defined in the 
Environmental Constraints Study prepared for DMH (LEC, 1991), from the 
effects of development; 

provision of additional residential land at Camarvon in accordance with the 
requirements of the Shire of Camarvon, as stated in the 1988 report 
'Carnarvon - Future Directions, A development strategy for the town of 
Camarvon'; 

provision of tourist accommodation emphasising the coastal location of 
Camarvon; 

maintenance and enhancement of the Fascine waterway for tourist and 
recreational purposes; 

provision of public boat launching ramps; 

provision of mooring facilities within a marina to be constructed adjacent to 
the existing Camarvon Yacht Club facilities; 

restoration and maintenance of the Fascine tramway as a pedestrian link 
between Whitlock Island and the Camarvon CBD; and 

protection of the resultant development from the effects of storm surge and 
flooding. 

3.2 	CONCEPT AND LAYOUT 

The concept of the proposed development is to create a navigable waterway in the 
Camarvon Fascine, and use the dredged material to create residential and tourist 
developments with water frontage on Babbage and Whitlock Islands. 

The proposal takes into account the long-term expansion proposals for the existing 
Camarvon Fishing Boat Harbour. 

The proposed development also includes the construction of a yacht marina in 
association with the existing facilities of the Camarvon Yacht Club Inc. Two 
alternative plans have been prepared to address this requirement, The first 
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incorporating a marina opening off the Fascine and the second created as an 
extension to the existing boat harbour. The option preferred by the Shire and the 
yacht club is for a marina constructed on the Fascine adjacent to the existing site 
of the Carnarvon Yacht Club (Fig. 4) and this is the option described as part of this 
PER. It is recognised that this option would likely necessitate a greater degree of 
maintenance dredging at the entrance of the Fascine, in order to maintain a 
navigable channel for keeled vessels, and DMH have suggested an arrangement 
with the Carnarvon Yacht Club whereby the additional dredging that would be 
required could be accommodated. 

The selection of either marina option does not affect the tourist and residential 
components of the development. 

3.3 PROJECTCOMPONENTS 

3.3.1 Residential Development 

The overall development will contain approximately 1,250 residential lots and is 
thUs designed to provide for the residential requirements of Carnarvon into the 
medium-to long-term future. Because of the long-term nature of the project the 
development will be undertaken in stages, in order to match supply against 
demand. As indicated in Figure 4, the project has been designed around eight 
stages ranging in size between 80 and 350 lots. The structures of the individual 
stages take into account physical and servicing considerations but could be 
amalgamated or further divided depending on the future demand for urban land. 

3.3.1.1 Dry-lot residential areas 

Fill material for dry-lot residential areas will be provided during excavation of the 
Fascine and creation of the canal waterways. The dry lots will be filled to a 
minimum height of 4.1 m above AHD. The lots bordering the proposed Whitlock 
Island Nature Reserve will be bunded and a fence erected along the edge to 
prevent unmanaged access. A typical cross-section through a dry lot bordering the 
conservation reserve is shown in Figure 5. 

3.3.1.2 Waterfront residential areas 

The excavation of the canals and waterways to the north of the tramway bridge is 
proposed to be a balanced Cut to fill exercise. Dredge spoil will be pumped into 
approximately the final location. Final landform shaping will be achieved in the dry 
using conventional earthmoving equipment. 
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It is proposed to use concrete edge treatments to canals. Due to the prevailing tidal 
regime, the walls will not provide a water frontage directly at the wall during 
periods of low tide and a short expanse of beach will be exposed. Private moorings 
will need to include an access walkway to bridge the shallow water and beach at 
low tide. Provision of a retaining wall which would provide continuous deep-water 
frontage would be prohibitively expensive. 

Public beaches will be constructed in the locations shown on the concept plan 
(Fig. 4), as part of the excavation and filling programme. These edges adjacent to 
public open spaces will be provided with sloping sand beaches rather than concrete 
retaining walls. 

Building levels on the waterside residential areas will be at 4.1 m above AHD with 
a 1:6 slope to the water. Permanent dwellings will be confined to the area of each 
lot at this height. However, landowners will have the option to terrace the slope 
toward the waterfront in order to extend the 'habitable' area. A typical cross-
section of a canal residential lot is shown in Figure 5. 

In view of the tidal range in Carnarvon and the incidence of storm surge during 
cyclones, it is not proposed that the retaining edge treatments of the canals will 
prevent overtopping, as this would greatly inhibit the user interface to the water 
during normal conditions. It is expected that the 1:6 slope will be inundated during 
certain storm events and this will be stated in the conditions for sale of waterfront 
lots. These events will number only several per year and will be of relatively short 
duration with no strong water currents which could lead to batter erosion. The 
sloped area may therefore be used by landowners for normal recreational purposes, 
and the erection of structures such as garden sheds or boat houses would, subject to 
Council planning and engineering approval, be permissible at the owners risk. 

3.3.2 Tourist Accommodation 

Tourist facilities will include a 2 ha hotellmotel site and a 4 ha caravan park, to be 
located on waterfront locations on Whitlock Island, facing the town centre. 

3.3.3 Yacht Club Marina 

A marina containing approximately 60 wet pens, hardstanding and a washdown 
area will be constructed adjacent to, and be operated by, the Carnarvon Yacht 
Club. It is proposed that the marina will cater for smaller yachts, e.g. trailer sailers, 
and power boats, while larger vessels will use the fishing boat harbour. 
Negotiations between the Camarvon Yacht Club and the DMH in regard to the 
number, size and draft of vessels appropriate to a marina in this location are 
currently in progress. Major boat servicing facilities, e.g. refuelling and slippage, 
will continue to be provided within the fishing boat harbour. 
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3.3.4 Civic and Community Facilities 

The development of the Babbage and Whitlock Islands residential areas will 
generate a need for community facilities and provision has been made in this 
concept for a primary school, active recreational area, and small commercial and 
community centre. 

3.3.5 Conservation/Public Open Space Areas 

It is proposed to retain the southern and western sections of Whitlock Island 
incorporating Oyster Creek and the adjacent areas of Babbage Island (Fig. 4) as a 
conservation area. 

This area will be left in an unmodified condition with the exception of the 
provision of nature trails. The perimeter of the conservation area abutting 
residential areas will be fenced to prevent unmanaged access to this area. Similarly, 
the nature trails will be carefully designed, incorporating raised walkways where 
appropriate, to prevent people from straying away from defined and managed 
pathways. 

The development also provides for a number of public open space areas. In 
addition to public open space areas within the residential areas, provided in 
accordance with the requirements of normal urban development, a number of 
public parks and beaches will be created along the shores of the Fascine (Fig. 4) as 
part of the excavation and filling operations. One such area, known as the Town 
Beach has been constructed on the southern side of the tramway bridge adjacent to 
the Fascine wall, in accordance with a separate approval consistent with the 
Fascine overall development plan. Approval has also recently been given for an 
adjoining beach area to be constructed on the northern side of the tramway bridge. 

3.4 	PUBLIC ACCESS AND FACILITIES 

3.4.1 Roads 

The road system shown in the development plan is based on allowing for the total 
development including tourist and residential traffic. 

Existing vehicular access to Whitlock and Babbage Islands is provided by the 
Babbage Island Road, however, based on an assessment of the anticipated traffic 
load, it is considered that there would ultimately be excessive traffic on this road if 
this were to remain the sole traffic link to the town centre. Consequently, the 
proposed causeway, linking Babbage/Whitlock Islands with Brockman, is deemed 
important to provide a sharing of the projected traffic volumes as well as a more 
direct route to the town centre. This is considered to be particularly relevant for the 
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tourist accommodation development on the southern side of the proposed 
causeway. 

The remainder of the road pattern generally follows a hierarchy with a 
predominance of short cul-de-sacs. 

Roads crossing the tramway cycleway/boardwalk are minirnised to reduce conflict 
between pedestrians and vehicular traffic. 

3.4.2 Bridges 

3.4.2.1 Tramway Bridge - pedestrian accessway 

It is proposed to retain the historic tramway bridge as a pedestrian accessway only 
and to raise one span of the bridge to enable the passage of boats to the upper 
reaches of the Fascine. 

An engineering inspection of the bridge carried out by Sinclair Knight & Partners, 
Consulting Engineers in 1990 has shown that the existing bridge can be maintained 
to carry pedestrian loads with ongoing maintenance costs that can be sustained by 
the local community. Full restoration or replacement of the bridge is not considered 
viable. 

A full depth channel is required to be excavated under one section of the bridge for 
the dual purposes of flushing of the Fascine waterway and to allow the passage of 
boats. Piles in or adjacent to this channel will be repaired, although several pile 
bents will be removed entirely, along with the existing superstructure, to provide a 
sufficiently wide navigable channel. The superstructure removed will be replaced 
with a lighter, aesthetically matching, timber frame pedestrian bridge to span the 
navigable channel between piled bents with sufficient height to allow passage of 
the design craft at high water. 

3.4.2.2 Causeway Bridge 

The proposed causeway and bridge, as shown on Figure 4, will eventually connect 
the eastern development to the west and separate the Stage 1 water area from that 
of Stage 2. Boat access between the two stages will be provided through a 
navigable bridged channel of sufficient width to enable flushing of the Stage 2 
waters. 

Construction of the causeway bridge will not be undertaken in the initial stages of 
development, and will not be provided until a significant proportion of the 
proposed development is complete and there is sufficient demand to warrant its 
construction. 
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3.4.3 Shoreline 

Public access will be provided to all shoreline areas with the exception of private 
lots with canal frontage. 

It is proposed that, for the waterfront residential lots, the foreshore and concrete 
edge treatments of waterfront properties will, once constructed, become the private 
property of the respective lot owners who will then become responsible to the 
Shire for the ongoing maintenance of the wall, in accordance with the provisions of 
the town planning scheme. The development will, however, provide areas of public 
open space within the waterfront development areas including public beaches. A 
public boat launching ramp with car parking for both cars and boat trailers will be 
provided adjacent to the tramway bridge. 

Public access will also be provided to shorelines within and immediately adjacent 
to the tourist developments. Public areas along the Fascine foreshore will be 
supplied with toilets, seating and barbecue facilities, and recreational facilities such 
as children's adventure playgrounds. 

3.4.4 Conservation Area 

Limited public access will be provided to the conservation area on Babbage and 
Whitlock Islands via a series of nature trails. The trails will be designed, 
incorporating raised walkways where appropriate, and managed to discourage 
unmanaged access to these areas. The perimeter of the conservation areas, 
including that adjacent to residential areas, will be securely fenced to prevent 
unmanaged access. 

3.5 SERVICES 

3.5.1 Water Supply, Electricity and Communications 

To cater for the additional residential areas created in the proposed development, it 
will be necessary to extend and upgrade the existing town water supply borefield 
that currently extracts water from the Gascoyne River riverbed. Alternative options 
for further expanding the supply of fresh water to Carnarvon are currently under 
review by the Water Authority of W.A. 

Electrical and telecommunication services can be extended from the existing town 
facilities. 



LeProvost Environmental Consultants 	 16 

3.5.2 Sewerage 

All residential and commercial sites and recreational facilities will be serviced by a 
reticulated sewerage system. Provision for a gravity sewerage system has been 
incorporated into minimum design height for residential blocks. Sewage will flow 
to the Carnarvon sewage treatment plant which is located on the Babbage Island 
Road, immediately to the north of the Brockman subdivision. 

3.5.3 Drainage and Runoff Control 

The building envelope of the waterfront lots and all areas inland will drain away 
from the waterways. The lower slopes of the waterfront residential blocks which 
will be prone to flooding and inundation during extreme storm events will drain 
towards the waterways. 

3.5.4 Navigation Aids 

The southern end of the dredged Fascine channel will be marked with buoyed 
navigation aids where it exits to the ocean. These may be relocated to suit any 
future movement of the channel caused by movement and accretion of the southern 
Babbage Island spit (see Section 4.2.2.3). 

3.6 	CONSTRUCTION METHODS AND STAGING OF PROJECT 

3.6.1 Dredging 

A channel approximately 50 m wide and dredged to a depth of 2.5 m below 
Australian Height Datum (AHD) will extend from the existing ocean entrance and 
follow the deeper water courses heading north into the Fascine. The entire width of 
the Fascine will be dredged from north of the existing Carnarvon Yacht Club site 
as far as the levee separating the Fascine waterway (formerly the South Arm of the 
Gascoyne River) from the main channel of the Gascoyne River. The wider Fascine 
basin adjacent to the townsite will be dredged from beach slopes up to a maximum 
depth of 2.5 m below AHD in the channel. In the northern-most section of the 
Fascine, north of the proposed causeway, the waterway will be dredged to a 
maximum depth of 2.0 m below AHD. 

Dredging will be undertaken by a small cutter-suction dredge operating at a 
capacity of approximately 240 m3/h. Approximately 450,000 m3  of material will be 
dredged overall, comprised of some 300,000 m3  from the Fascine entrance and 
navigation channel and 150,000 m3  from the area upstream of the 
tramway/pedestrian bridge. It is proposed that the dredge will operate six days per 
week for nine hours each day. 



LeProvost Environmental Consultants 	 17 

Dredging activity in the Carnarvon region is limited by the prevailing weather 
conditions. Dredging activity should preferably be undertaken between March and 
September to avoid possible long periods of down-time caused by cyclonic weather 
conditions, which typically occur during the summer months 

3.6.2 Fill 

All fill required for the residential lots and associated development will be derived 
from the dredging of the fascine. The dredge spoil will be pumped into bunded 
areas where it will be allowed to dry before being compacted and levelled. All of 
the spoil from the dredging will be used either within the proposed development 
area or, if there is surplus material, within the identified industrial area to the east 
of the Fascine, or for a storm surge levee to the fifth ward of the town. 

3.6.3 Waste Disposal 

The dredge and fill process is not anticipated to generate any waste materials. 
There will be minor amounts of waste generated by construction activities. This 
material will be disposed of at the municipal waste disposal area in accordance 
with local authority by-laws. 

3.6.4 Engineering Risk Assessment 

3.6.4.1 Flooding 

River control works in the Gascoyne Delta, including the South Arm levee, are 
designed to cope with a 1 in 100 year flood event. If a larger (but statistically less 
frequent) flood occurred with slightly higher water levels and significantly greater 
water velocities, some flow could occur along the old South Arm channel, due to 
overtopping of the levee bank. A flood of this magnitude would result in general 
flooding of the Carnarvon area, including the town centre, as all present levee 
banks are designed to provide a similar level of protection. 

3.6.4.2 Greenhouse Effect 

An allowance of 0.3 m has been allowed for possible sea-level rise as the result of 
factors associated with the 'Greenhouse Effect'. This is consistent with established 
engineering and planning practice in the design of waterfront developments in 
Western Australia. 
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3.6.5 Workforce Requirements 

The workforce for the construction of the project is expected to be drawn from the 
Carnarvon area, with the exception of the dredge crew. 

Employment in the tourist and service industries generated by the development are 
also expected to be filled largely by local residents. 

3.6.6 Staging of Project 

It is proposed to undertake a staged development approach. Staging and land 
release will depend largely on the dredging programme and availability of services. 
Marketing analysis and promotion, in conjunction with engineering feasibility, will 
largely determine the urban development phasing of the project. 

The general location of the various Stage areas are shown in Figure 4. 

Stage 1 	The Stage 1 area includes the Fascine waterway and adjacent 
shoreline contained by the levee banks of Brockman to the east, the 
tramway to the south, the proposed causeway to the north and the 
eastern side of Whitlock Island to the west. The Stage 1 waterway 
will be dredged to a depth of 2.5 m below AHD with the spoil used 
to create residential canal estate development along the shoreline. 
Also included is a public boat ramp, and car and trailer parking. 

Stage 2 	The Stage 2 area includes the Fascine waterway contained by the 
Town Centre precinct to the east, the tramway to the north, the 
eastern side of Whitlock Island to the west and generally north of 
the existing Carnarvon Yacht Club site. The Stage 2 waterway will 
be dredged to a depth of 2.5 m below AHD with the spoil used as 
fill material on the development areas of Whitlock Island (Stage 4) 
and as support for the tramway bridge. Similar material has 
previously been successfully used as urban fill, for example in the 
development of Brockman, to the north east of the Fascine. 

Stage 3 	The Stage 3 area includes the Fascine waterway contained by the 
levee banks of Brockman to the east, Babbage Island Road to the 
north, the proposed causeway to the south and Babbage Island to the 
west. The Stage 3 waterway will be dredged to a depth of 2.0 m 
below AHD with the spoil used to create residential canal estate 
development along the shoreline. 

Stage 4 	The Stage 4 area comprises the inner land area of Whitlock Island 
bounded by the Oyster Creek conservation area to the north, west 
and south, and the Stage 1 area to the east. Development within this 
stage will be constructed on dredge spoil material removed from the 
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Stage 2 section of the Fascine, and will include medium density 
residential areas, a caravan park, a hotel/motel and a public beach 
and car park. 

Stages 5-8 	The Stage 5-8 areas comprise the northern and eastern-most sections 
of Babbage Island. Development within these stages will include 
residential areas, primary school, shops and community facilities, 
and a recreational complex. 

It is envisaged that Stages 1, 2 and 4 will be developed initially. Stages 3 and 5-8 
inclusive (including construction of the causeway bridge, if warranted) will be 
developed as demand for additional residential areas is required. It is estimated that 
the total project will take in excess of ten years to complete. 

3.7 	TIMING OF PROJECT 

Construction of the proposed development will commence with the dredging of the 
channel from Teggs Channel to the tramway bridge including Stage 2 of the 
development programme. The spoil removed will be pumped onto development 
sites along the eastern shoreline of the Fascine (Fig. 4) and on inland areas • of 
Whitlock Island. 

It is envisaged that restoration and modification of the tramway bridge will be 
completed within this time so as to enable passage of the dredge. 

Dredging and shoreline works within the Stage 1 area will then commence with 
subsequent onshore earthworks taking place on Stage areas 1 and 4. 

3.8 	OPERATION METHODS AND SCHEDULE 

3.8.1 Management Programme and Project Agreement 

A number of aspects of this project will require ongoing management once the 
project is constructed. These include: 

Babbage and Whitlock Islands conservation area; 

maintenance dredging of the Fascine and positioning of navigation aids; and 

waterway structures including canal walls and tramway bridge. 

Plans for the management of these aspects of the project are described in Section 6. 
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A legal agreement will be entered into between the Shire of Carnarvon and the 
DMH which will define the commitments and actions to be taken by the Proponent 
with respect to approvals and management of the proposed project. 

A second agreement will be entered into between the Shire and the developer, in 
the event that a private developer is appointed to undertake the project, which will 
define the obligations of the developer in complying with the conditions placed on 
the development. 

3.8.2 Projected Lifetime of Project 

The project has an indefinite lifespan. All structures will be constructed in 
accordance with normal engineering standards. Canal edge treatments have been 
designed with a minimum 100 year lifespan 
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4 	DESCRIPTION OF ENVIRONMENT 

4.1 	INTRODUCTION - AVAILABLE INFORMATION 

The following description of the physical, biological and social environment details 
the local environment (the project site and adjacent land), and places the project in 
the context of the regional environment. The regional environment of the project is 
the coastal zone between Exmouth to the north and Shark Bay to the south. 

The project area for the proposed Carnarvon Fascine development has been the 
subject of several detailed studies which have been reviewed in the preparation of 
this document. These include a flora and vegetation survey by Keating & Trudgen 
(1987), an assessment of land capability by the Department of Agriculture (Wells 
& Oma, 1987), a planning study by DOLA (1988), a development strategy for the 
town of Carnarvon prepared by the Department of Regional Development and the 
North West (DRDNW) in association with the Shire of Carnarvon (1988), a 
development constraints study by LSC (1989), a current and sediment transport 
study by Port & Harbour Consultants Pty Ltd (PHC) (1990), and a predevelopment 
study by DMH (1990). 

Field surveys of the project area were undertaken by LEC personnel to examine the 
marine intertidal and terrestrial habitats of the study area, and to determine their 
regional distribution (Appendix 3). Additional information was derived from field 
surveys and studies undertaken for an environmental assessment for the Carnarvon 
Harbour and Channel Dredging project (LEC, 1990), and a review of the 
significance of the Gascoyne Delta to waterbirds (Bamford, 1992, Appendix 4). 

The following description is based on a review of the relevant literature and 
information obtained from field studies. 

4.2 	PHYSICAL ENVIRONMENT 

4.2.1 Regional Setting 

The Gascoyne delta is located at the northern end of Shark Bay on the central west 
coast of Western Australia, a semi-arid, wave-dominated coast. 

4.2.1.1 Climate 

The climate of the Carnarvon region is semi-arid with rainfall that mostly falls in 
sporadic heavy showers causing patterns that vary widely from year to year. 
Average annual minimum temperature is 17°C and the maximum 27°C. The hottest 
month is February and the coolest, July. During summer, the dominant winds are 
strong, persistent southerly breezes averaging 18-30 km/h. During winter, average 
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wind velocity drops to 10-15 km/h with extended calm periods. The area is subject 
to summer cyclones when winds of 70-100 km/h, gusting to 180 km/h, may last up 
to 12 hOurs. If a cyclonic depression moves inland, heavy rain follows, often with 
widespread flooding (Logan & Cebulski, 1970). 

4.2.1.2 Oceanography 

Tides at Carnarvon are mixed. Neap tides are diurnal with a recorded range of 
0.3 m and spring tides are semi-diurnal with a recorded range of 0.9 m 
(Department of Defence, 1988). Howeyer, available information regarding tides at 
Carnarvon is currently under review. Unpublished analysis of tidal ranges has 
shown the range of neap tides to be 0.46 m and spring tides 0.95 m (Wallace, pers. 
comm., 1990). Tidal currents are to the south on the flood tide and to the north on 
the ebb tide (Logan & Cebulski, 1970). 

The most persistent wave fields in the Carnarvon area are generated by the 
prevailing southerly winds. These wave fields impinge on a north and north-north-
west trending coast (Logan & Cebulski, 1970) and hence dominant littoral currents 
are northward and, reinforced by ebb tidal currents, cause strong northward littoral 
drift (Johnson, 1982). However, drift can also occur to the south as the result of 
either cyclone-generated waves or long period swell refracted around the offshore 
islands. 

4.2.1.3 Geology and geomorphology 

The Gascoyne delta has a lobate form approximately 9 km across and is flat, 
sparsely vegetated country interrupted only by Brown Range, a north-trending 
series of red-brown dunes up to 10 m high (Johnson, 1982). The seaward edge of 
the delta is a strandplain, up to 1 km wide, of elongate lagoons and mangrove tidal 
flats separated by beach spits and low beach ridges (Johnson, 1982). 

The lower delta has been formed from sediment brought down from the upper 
catchment by river flows, with major floods being the principal cause of sediment 
movement (DOLA, 1988). An extensive sand barrier system development exists 
north of the delta which implies that much of the river sediment load may be 
bypassing the delta to be deposited further along the coast (Johnson, 1982). 

The Gascoyne delta is comprised of three major stratigraphic components which 
occur in ascending order as the basal sheet, deltaic sequence and plain sequence 
(Johnson, 1982) (Fig. 6). 

(a) 	Basal sheet 

The basal sheet is a thin transgressive unit up to 1 m thick which was deposited 
during the Holocene sea-level rise. Offshore, it is comprised of shelly quartz sand 
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with a relict, shallow-water sandflat fauna. Inshore, it contains a mixture of 
sediments from contemporary seagrass communities or overlying units (Johnson, 
1982). 

Deltaic sequence 

The deltaic sequence is a regressive terrigenous wedge overlying the basal sheet. It 
consists of three geomorphic units: bar unit, delta bay unit and the strandplain 
sheet. 

The bar unit is an upward-coarsening sand body which is wedge to lens-shaped up 
to 6 m thick. It is being deposited on the distributary mouth bars and the shoreface. 
The bar unit grades laterally into the delta bay unit which is a wedge to mound-
shaped body comprised of muddy sand up to 4 m thick that is accumulating in the 
protected embayment to the south of the delta. The strandplain sheet, up to 4 in 
thick, overlies both units and is composed of sand and muddy sand with a minor 
mud component. The strandplain sheet is being deposited in beach, beach ridge, 
tidal flat and supratidal flat environments (Johnson, 1982). 

Plain sequence 

The plain sequence consists of three geomorphic units: the channel and levee units, 
and the plain sheet. 

The channel unit, up to 15 m thick, is comprised of a ribbon of coarse sand with 
gravel in the lower part. The levee unit, up to 10 m thick, is comprised of ribbon 
deposits of fme sand, silt and mud that thin laterally into the plain sheet. The 
channel and levee units form a narrow belt of bedded fluvial deposits normal to the 
strandline. The plain sheet is a homogenous unit comprised of red-brown mud and 
sandy mud up to 4 in thick that is deposited by sheetwashing (Johnson, 1982). 

4.2.1.4 Soils and drainage 

The soils of Babbage and Whitlock Islands have been divided into two broad 
categories of classification: coastal land system; and littoral land system, which 
display different drainage characteristics (Wells & Oma, 1987). 

The coastal land system features beaches, Holocene dune ridges and undulating 
dune flats formed from grey-white unconsolidated to poorly consolidated quartzose 
sand. The dunes are colonised by a mixture of grassland and low shrubland. The 
soils of the coastal land system feature very rapid drainage as a result of their very 
low clay content. As a result of vegetation and drainage characteristics, combined 
with. their coastal location, these soils are highly susceptible to wind and wave 
erosion and storm surge (Wells &Oma, 1987). 
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The littoral land system is composed of Holocene tidal and supratidal flats 
composed of river alluvium that features red-brown clays and loanis overlying 
grey, yellow and brown siliceous sands. The soils of the littoral system have poor 
drainage due to the generally low permeability of surface clay layers and are 
susceptible to waterlogging, and inundation by flooding and storm surge, (Wells & 
Oma, 1987). Areas featuring these soils are colonised mostly by samphire and 
mangroves. 

4.2.1.5 Groundwater 

The groundwater beneath the coastal dunes and delta is generally saline, however, 
a freshwater aquifer exists in the bed of the Gascoyne River which is exploited for 
water supply purposes. A series of wells and bores extract water from this aquifer 
to supply both the plantations and the domestic needs of the town. 

4.2.2 LocaL Setting 

The study area is bounded by the Gascoyne River to the north, the existing 
Brockman development and Carnarvon Town Centre to the east, the Camarvon 
Boat Harbour development to the south and the Indian Ocean to the west (Fig. 1). 

The Babbage and Whitlock Islands areas are located immediately north of the 
Fascine and comprise approximately 350 ha of land to low water mark. The water 
body within the study area comprises approximately 200 ha. Oyster Creek separates 
Babbage and Whitlock Islands, and forms a secondary connection between the 
upper and lower reaches of the Fascine. 

4.2.2.1 Topography and bathymetry 

Babbage and Whitlock Islands are comprised of a littoral land system featuring 
tidal flats and a coastal land system featuring an undulating dunal system. The 
following landforms have been described (Wells & Oma, 1987): 

Tidal and supratidal sand and mud flats. 

Beaches backed by primary foredunes between 2-4 m high which are steep-
sided and hummocky. 

Elongated interdune depressions and deflation basins with minor very low 
(<1.5 m) dune hummocks. 

Secondary dunes with hummocky relief up to 3 m high. 
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Undulating tertiary dune ridge up to 10 m high directly exposed to westerly 
and southerly winds with an undulating tertiary dune complex between 4 
and 6 m high, occurring to the east. 

Undulating sandplain less than 2 m high. 

Overall, Whitlock Island has a low profile containing considerable areas of low, 
flat land. Relatively high landforms of the tertiary dune complex occur in the 
northern areas of Babbage Island. This variation in topography is significant in 
comparison to other areas of the Carnarvon townsite which are relatively flat. 
These elevated locations have views of the town centre and vice versa. 

The South Arm of the Gascoyne River is a shallow body of water featuring tidal 
channels and sand banks. At high water, depth ranges from less than 1 m in the 
shallow parts to 2-3 m in the tidal channels. At low tide, extensive areas of the 
seabed are exposed. 

4.2.2.2 Geomorphic units and existing (pre-development) land capability 

In 1987 the Division of Resource Management of the Western Australian 
Department of Agriculture undertook a study (Wells & Oma, 1987) to describe the 
landforms, soils and climatic features of the study area and to assess the existing 
capability of the land for residential use (Fig. 7). The following information, which 
describes the features and land capability of the areas proposed for development in 
their physically unmodified state, is summarised from that report. 

The active foredunes, the beach and the interdune depression/swale behind the 
foredunes are highly susceptible to wind and wave erosion and storm surge, and 
cOnsequently are not suitable for development, other than that required to gain 
access to the beach. The secondary dunes are also susceptible to wind erosion and, 
to a lesser extent, storm surge. Development of the primary and secondary dunes 
for residential and tourism purposes is not recommended. However, the secondary 
dunes may sustain some recreational uses such as bushwalking, car parking and 
picnic areas. 

The tertiary dune system has a moderate capability to support residential and 
tourism development. These dunes are susceptible to wind erosion, so construction 
of buildings and facilities would need to be undertaken so as to minimise the 
potential for sand transport from bare surfaces. Interdune depressions within the 
tertiary dune system are less at risk from wind erosion and have been identified as 
the most capable areas within the study area for sustaining residential development. 

The supratidal flats of the littoral system (Fig. 8), in their current state, are 
regarded as having a low capability for development, the major limitations being 
susceptibility to waterlogging, inundation by flooding and storm surge, the 
relatively high cost of excavation due to poor drainage, and the highly saline nature 
of the Soils. However, it is considered that these areas could be developed by 



LeProvost Environmental Consultants 	 26 

filling the land to raise the surface above the storm surge level using sandy, free 
draining and non-saline fill material. 

The intertidal flats of the littoral system are regarded as having a very low 
capability for residential and tourism development in their present state. The major 
problems are susceptibility to storm surge, waterlogging, very high cost of 
excavation for construction, highly saline nature of the soils, and probable 
problems with foundation soundness. The mangroves, which colonise parts of these 
intertidal areas, play an important role in minimising storm surge damage to 
adjacent areas through their baffling effect on incoming waves. The mangroves also 
trap and bind sediments which would otherwise be scoured by swells and tidal 
action into the Fascine channel and sand bars, and thereby increase the recurring 
need to dredge navigation channels. 

The dune remnants on the supratidal flats have a moderate capability for residential 
and tourism development, with some limitations imposed by wind erosion and soil 
salinisation. These areas may not be suitable for development because of their 
limited area and possible access problems (Wells & Oma, 1987). 

4.2.2.3 Hydrodynamics of Fascine 

The South Arm of the Gascoyne River, known as the Fascine, was closed by the 
construction of a levee supporting an all-weather access road connecting the town 
with Babbage Island in 198617. The construction of the levee has drastically altered 
the hydrodynamics of the Fascine such that it is now a tidal inlet and no longer 
subject to periodic river flows. 

The sediment transport characteristics of the proposed navigation channel within 
the Fascine have been modelled by PHC (1990), in a preliminary study aimed at 
optimising the design of the proposed channel. Modelling indicated that sediment 
transport under tidal action alone would be significant only during the peak in 
flood and ebb currents of the spring tide. For extreme wind-driven currents, 
modelling indicated that the transport rates in the shallower areas adjacent to the 
proposed channel would become significant, along with relatively high rates of 
transport within the channel. However, this wind speed occurs infrequently and 
would therefore only have influence in the short term. Sediment transport under 
average wind conditions would be insignificant when compared to the modelled 
rates for peak spring tide flood and ebb conditions (PHC, 1990). 

The sediment transport model results indicate that transport rates at the entrance to 
the Fascine are of large enough magnitude to keep the entrance channel clear of 
any sedimentation which may be supplied from the coastal system (PHC, 1990). 
The stability would be provided by the balance of supply from coastal transport 
with erosion from the tidal flushing. 

A region of sediment deposition has been identified on the southern spit of 
Babbage Island adjacent to Pelican Point. The spit is accreting and moving 
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southwards at a rate of approximately 26 m per year (DMH, 1990). From 
examination of aerial photography, it is apparent that the adjacent channel 
minimum cross section is tending to migrate in a southerly direction. This provides 
an indication that, under existing conditions (which would not be modified 
significantly by the proposed channel dredging), some accumulation must be 
occurring (PHC, 1990). 

4.2.2.4 Flooding and storm events 

Tropical cyclones have been identified as having the greatest potential for flooding 
at Carnarvon as a result of storm surge caused by low pressure atmospheric 
conditions and high wind speeds. The most extreme flooding event would be 
caused by a tropical cyclone approaching from the north-west and moving into 
Shark Bay via the Geographe Channel. Such events are, however, infrequent. In the 
period from 1907-1980 six cyclones have approached Carnarvon in this way, of 
which only three were of sufficient intensity to cause a storm surge (DOLA, 1988). 
The water level in Carnarvon, for a 1:100 extreme storm. event, has been predicted 
at 1.76 m above AHD (Wallace & Boreham, 1988). This however is a still water 
value and does not include any provision for wave height or wave runup. 

Flooding in June 1980 resulted in the inundation of the north-east portion of 
Babbage, Island and all of Whitlock Island (DOLA, 1988). Periods of river flow 
have also contributed to flooding in the Gascoyne delta. However, since the closure 
of the Fascine waterway in 1986 by the Babbage Island levee bank, river flooding 
no longer occurs in the Fascine. 

A rise in sea level has been predicted as a result of global warming associated with 
the Greenhouse Effect. This would result in low-lying coastal terrain such as salt 
marshes, mud flats and lagoon margins being vulnerable to inundation, particularly 
in areas such as Carnarvon where flooding and storm surge have a major impact. 
Planning for the proposed development has taken into account possible climatic 
changes associated with the Greenhouse Effect. An allowance of 0.3 m in addition 
to existing storm surge levels has been made in the preparation of the concept plan. 

4.2.2.5 Coastal processes and shoreline stability 

The Fascine is sheltered from storm and wave action by the Babbage Island spit 
and the shallow seagrass banks which lie immediately to the south. Within the 
Fascine are a series of shallow sand banks and channels which are mobilised and 
redeposited in response to wave and tidal action. The southern shore of Whitlock 
Island is stabiised by the presence of a band of intertidal mangroves which is in 
turn fronted by tidally-inundated sandflats. The mainland (eastern) side of the 
Fascine is protected from erosion by the Fascine wall and, at the southern end, by 
a series of small rock groynes and low stone walls. Upstream, the effects of wave 
and tidal action are reduced and shoreline stability is high. Since construction of 
the Babbage Island levee, and the subsequent absence of periodic flood scouring, 
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there is a tendency for the channels to progressively in-fill from the northern end, 
albeit at a very slow rate. 

4.2.2.6 Hydrogeology 

Due to the low-lying nature of the site and its hinterland, and its proximity to the 
ocean (much of the site is surrounded by the sea on three sides), the water table 
lies at or only marginally above sea level. The proximity of the site to the ocean 
also means that the superficial aquifer is saline. However, where the dunes are 
higher, the presence of a thin freshwater lens is predicted and this resource would 
be tapped by some of the dune vegetation. The extent of such lenses fluctuates 
with the periodic rainfall and recharge following river flood events. The available 
fresh groundwater resource would generally be insufficient to support domestic 
gardens and is considered insufficient to support domestic irrigation bores. 

4.3 	BIOLOGICAL CHARACTERISTICS 

4.3.1 Regional Environment 

4.3.1.1 Terrestrial environment 

Botanically the Gascoyne delta lies within the Carnarvon Basin Region of the 
Eremaean Botanical Province (Beard, 1976). The Gascoyne delta is noted for its 
Acacia shrub-covered dunes, halophyte-dominated clay pans and samphire marshes. 

European settlement has led to modification of both the flora and fauna of the 
region, primarily through the introduction of feral and domestic animal species, 
which include cats, foxes, rabbits, goats, donkeys, horses, sheep and cattle. 

At a smaller scale, urban development and intensive agriculture in the lower delta 
area (i.e. Carnarvon) have resulted in major habitat alteration with consequent loss 
of native plant and animal species. 

4.3.1.2 Marine environment 

The shallow water marine environment is comprised of intertidal sand flats and 
subtidal sand banks (Fig. 8) which may be either exposed or colonised by 
ephemeral seagrasses. 

The tidal flats of the study area comprise three zones: from lower to upper levels, 
sand flat zone, mangrove zone and crab zone. The sandflat zone is intertidal to 
shallow subtidal with shallow ponds containing the seagrasses Halophila sp. and 
Zostera sp. The mangrove zone has dense thickets of Avicennia marina up to 4 m 
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high. The muddy substrate is protected by pneumatophores, littered with seagrass 
debris and covered with a gelatinous organic layer. The crab zone is a bare area 
between the mangroves and the beach ridge, dominated by the soldier crab 
(Mictyris Ion gicarpus) and the fiddler crab (Uca sp.). Dark green algal mat occurs 
on the upper parts where grazing gastropods are absent and crabs few (Johnson, 
1982). 

4.3.1.3 Avifauna 

(a) 	Non-migratory birds 

In Western Australia 16 species of bird are virtually confined to mangal habitat, 
and another six species are confined to it in at least part of their range. The density 
and species richness of birds decrease with decreasing number of mangrove species 
and structural complexity of the mangal. In the Carnarvon to Shark Bay region 
where only one mangrove species occurs (Avicennia marina), there are six species 
of bird that occur within this habitat (Johnstone, 1990) of which five have been 
recorded in mangrove communities adjoining Oyster Creek: 

Butorides striatus 
Pachycephala Ianioides 
Rhipidura phasiana 
Gerygone tenebrosa 
Zosterops lutea 

Mangrove Heron 
White- breasted• Whistler 
Mangrove Grey Fantail 
Dusky Flyeater 
Yellow White-eye 

Some of the mangrove birds, Yellow White-eye and Mangrove Grey Fantail, feed 
in and over samphires. Mangrove birds feed in different ways and in different 
habitats. The Mangrove Heron is a ground feeder, the White-breasted Whistler 
feeds mainly in the lower levels (on ground, tree trunks, prop roots and low 
vegetation), the Dusky Flyeater forages mainly in the mangrove canopy, and the 
Mangrove Grey Fantail and the Yellow Whiteeye forage at all levels (ground to 
canopy) (Johnstone, 1990). 

(b) 	Migratory birds 

The information on the usage of the intertidal flats of the Gascoyne delta by 
migratory wading birds has been assembled in a report by the RAOU (1990). The 
information presented in that report, together with additional data on adjacent 
habitats used by migratory wading birds, has been reviewed by Bamford 
(Appendix 4) to analyse the regional significance of the Gascoyne delta area to 
migratory birds. This latter report identifies the Fascine as an area used by wading 
birds during their seasonal migrations, although total numbers recorded during the 
two surveys undeitaken do not show the very high numbers observed at Shark Bay 
and Lake Macleod, which are located to the south and north of Carnarvon 
respectively and are part of the same coastal migration route. 
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During RAOU surveys conducted in September/October 1987, around 650 
migratory shorebirds were found to be using the Gascoyne delta, 420 at Oyster 
Creek, 415 in the area near the Mile-Long Jetty and 35 at Chinamans Pool 
(Gascoyne River). A more recent (February 1992) survey recorded approximately 
4,000 waterbirds while counts of up to 10,000 have been recorded, generally in 
November (Appendix 4). Although the shorebird data do not reveal large numbers 
recorded at nearby Lake Macleod [111,600 shorebirds in October 1987 (RAOU, 
1990)] and Shark Bay [31,000 shorebirds including migratory and non-migratory 
species at Useless Inlet in February 1984 (Watkins, 1984)], the mudflats of the 
Gascoyne delta, on which 24 species have been recorded, do support a similar 
species richness to that of Lake Macleod, at which 27 species have been recorded. 
The importance of the tidal mudflats of the Gascoyne delta to migratory waders 
when Lake Macleod is dry is unknown (RAOU, 1990). 

Counts of non-migratory waterbirds on the Gascoyne delta recorded approximately 
500 birds on the Fascine, 820 at Oyster Creek, 300 near Mile Jetty and 65 at 
Chinamans Pool (RAOU, 1990). 

4.3.2 Local Environment 

4.3.2.1 Biotic assemblages 

A flora and vegetation survey of Babbage and Whitlock Islands by Keating & 
Trudgen (1987) recorded 82 indigenous species of flora and a total of 28 
vegetation types within the terrestrial and intertidal zones. The following simplified 
classifications of broad vegetation assemblages within the study area has been 
prepared which relates the various vegetation types to the topographic features in 
which they occur. Figure 9 presents the distribution of these assemblages within the 
project area. 

(a) 	Terrestrial flora 

(i) 	Frontal dune assemblage 

This assemblage consists of a mixture of Spinifex Ion gifolia and Nitraria 
billardierei, grasses that form hummocks less than 0.6 m tall. This unit is 
relatively tolerant to wind and salt spray, and occurs along the western 
dunes of the study area. 

Li 
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Stabilised sand dune assemblage 

This assemblage is a shrubland complex that consists mainly of Acacia 
coriacea, A. scierosperma, Schoitsia wnbellata and Exocarpos aphyllus. The 
dominant shrubs have a height range of 0.8-1.8 m and form an open shrub 
layer over mixed shrubland understorey. The shrubland is the most 
extensive vegetation complex in the study area and occurs on the crests, 
slopes and swales of the sand dune system running in a north-south 
direction through the centre of Babbage Island, in the central area and 
towards the north. 

Interdunal depression assemblage 

This assemblage consists of samphires (Halosarcia spp.) and Samolus 
junceus. This unit forms a closed heath that occurs near the southern and 
northern ends of Babbage Island in the moist or wet interdunal depressions 
where the surface level has been eroded close to, or below, the water table. 

Samphire - grassland margin assemblage 

This assemblage consists of a low open shrubland of Halosarcia spp. over a 
closed grassland of Sporobolus virginicus. This vegetation type occurs as 
narrow bands along the foot of the sand dunes where the transition from the 
tidal flats to the sand dunes occurs. 

Saltbush - samphire flats 

This assemblage is a low open to closed heath which includes Atriplex 
amnicola, Rhagodia preissii and Halosarcia spp. This unit occurs in swales 
in the northern part of Babbage Island and usually surrounds Halosarcia 
units on slightly lower ground. 

Samphire tidal flats - dry assemblage 

This assemblage consists of a low open and closed heath of mainly the 
samphires Halosarcia pruinosa and H. indica spp. julacea which occurs on 
the slightly raised and thus drier areas of the tidal flats. The height of the 
vegetation varies from 0.4-1.1 m. This unit covers much of Whitlock Island 
and along the low-lying northern and north-eastern sections of Babbage 
Island. 
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Terrestrial fauna 

The terrestrial fauna is dominated by reptiles, notably skinks and small monitors, 
and a diverse insect fauna. Small bush birds have been observed in this 
environment, however, the numbers observed to date have been small. The 
frequency of sightings

'
numbers of active diggings and presence of fresh droppings 

in the area suggest that the number of rabbits in the area is currently high. 

Intertidal 

Samphire tidal flats - wet assemblage 

The wet samphire assemblage occurs as a low open heath 0.4-1.1 m tall on 
wash areas on the broad tidal flats adjacent to the mangrove assemblage and 
is present on both Whitlock and Babbage Islands. The principal species are 
Halosarcja halocnenioides ssp. tenuis, H. indica ssp. julacea and a possibly 
un-named sub-species of Halosarcia halocne,noides (recorded as 'ssp. (x)'). 

Mangrove assemblage 

This assemblage is dominated by the mangrove Avicennia marina. The 
mangrove unit varies from a low open woodland 2-4 m tall to a dense, low 
closed forest with a height range of 3.0-4.5 m. The mangrove assemblage 
occurs in a band along the south-eastern section of Babbage Island, along 
Oyster Creek, and around the southern and eastern sides of Whitlock Island 
(Fig. 9). 

Intertidal sand flats 

The intertidal sand flats are generally composed of coarse sands and river 
gravels with locally fine and medium grained sands. They are devoid of 
vegetation and have a generally sparse surface fauna of small gastropod 
molluscs (Cerithid sp.) which may be present in large numbers over small 
areas. 

A burrowing fauna comprising crabs (soldier, fiddler, ghost and grapsid 
crabs), bivalve molluscs (cockles) and polychaete worms may also be 
present, again locally in high numbers. The distribution of these animals is 
dependent on tide levels and they undergo frequent local migrations. 
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(d) Marine 

(i) 	Subtidal channels and embayments 

The subtidal zone seafloor comprises bare sands, with a burrowing fauna 
comprising gastropods, bivalves and worms, and seagrass meadow patches 
with a more diverse fauna of crabs, echinoderms, starfish, brittle stars, 
molluscs and worms. 

The subtidal waters are also frequented by a range of demersal fish 
including hardyheads and juvenile flathead and whiting. The blue swimmer 
crab, Portunus pelagicus, may also be present on occasion. 

4.3.2.2 Ecosystem considerations 

Interaction between the marine and terrestrial environments is generally limited to 
the intertidal zone, particularly the mangrove zone where productivity is higher and 
there is regular flushing with seawater as a result of tidal movements. Elsewhere 
exchange between the marine and terrestrial environments is minimal, occurring 
primarily through the mechanism of wind transport of leaf and seed material from 
the land to the sea. Exchange in the opposite direction is also low, generally 
occurring only when seaweed and seagrass is washed up on to the shoreline and 
blown inland. The terrestrial vegetation, and hence fauna, is shaped by its 
proximity to the sea and paucity of freshwater which gives rise to a flora which is 
lxth salt and drought tolerant. 

4.3.2.3 Present condition of ecosystems 

Historically, prior to the closure of the South Arm and implementation of earlier 
flood and erosion control measures, the Fascine area was subject to sudden and 
major modification as a result of the periodic flooding of the Gascoyne River 
which was responsible for changes to the courses of the drainage channels, erosion 
of soil and vegetation, and deposition of silt, and river sands and gravels. 

On a smaller scale, the study area continues to be subjected to varying degrees of 
vehicular and pedestrian use leading to erosion and damage to vegetation. The 
areas which have been subjected to the most intensive pressure are the western and 
northern shores of Babbage Island. The primary and secondary dunes of the 
western shore have been de-stabilised in some areas by pedestrian and vehicle 
movement. The implementation of management works at the public beach car park 
to the west of Pelican Point has assisted in protecting the dunes in this location, 
although vehicle access to the spit may have de-stabilised the dunes (DOLA, 
1988). 

The area north of Babbage Island Road is in a particularly degraded condition. The 
area is criss-crossed with vehicle tracks which has resulted in the loss of vegetation 
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on dunes and tidal flats. The presence of ruined buildings and rubbish adds to the 
degraded appearance of the landscape (DOLA, 1988). 

Numerous tracks also dissect the dunes in the central area of Babbage Island and 
adjacent to Oyster Creek. Whitlock Island is less affected, no doubt due to 
restricted access (DOLA, 1988). The area around the tramway, bridge, however, is 
strewn with rubbish, particularly broken glass and cans. 

4.3.2.4 Conservation significance 

There are no designated conservation reserves within the study area. However, 
proposals to conserve mangrove and samphire areas of Babbage and Whitlock 
Islands are contained within both the DOLA (1988) and DMH (in prep.) reports, 
and form a considerable component of the proposed development described in this 
document. Furthermore, the proposed Shark Bay Marine Park boundary extends 
close to the southern boundary of the Carnarvon townsite. This park, if proclaimed, 
will conserve large areas of subtidal seagrass banks, mangroves and high tidal mud 
flats. 

The conservation significance of habitats and biota within the study area is 
assessed in the following sections. 

Mangroves 

On a regional basis, mangrove habitats are recognised as areas of high biological 
productivity, and as an important medium for nutrient exchange between terrestrial 
and marine ecosystems. These functions contribute to the overall productivity of 
the region's fishery (LSC, 1989). 

The physiognomic zonation of the single mangrove species (Avicennia marina) in 
the Carnarvon area mirrors species differentiation in the Pilbara, and is in contrast 
with the relatively species-rich Pilbara deltas. This area of mangrove habitat is 
developed at the southern limit of its known range where it still forms luxuriant 
formations (DOLA, 1988). Mangrove habitats are considered to be of conservation 
value and, as a consequence, these habitats have been excluded from the proposed 
development area. 

Samphire 

There are two types of samphire habitat that occur in the study area: those which 
occur within the intertidal area and are referred to as wet samphire; and that which 
occurs above the the tidal zone and is referred to as dry samphire. 
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Like mangroves, the wet samphire habitats of the Carnarvon delta are areas of 
comparatively high biological productivity, and contribute to nutrient exchange 
between terrestrial and marine ecosystems. 

The tidal coastal (wet) samphire of the study area occurs toward the southern part 
of its range and contains a variant of a known species of the samphire, Halosarcia 
halocnemoides, which it is considered may warrant recognition at sub-specific level 
(Keating & Trudgen, 1987). The distribution of this plant correlates approximately 
with that of the wet samphire association (Fig. 2) and has therefore been excluded 
from the area of the proposed development. More extensive surveys to determine 
the regional distribution of this variant have not been conducted, nor has its status 
yet been confirmed (LSC, 1990). 

In addition, the presence of the species Sarcocornia quinqueflora within the wet 
samphire and mangrove zones marks an extension to its known distribution 
(Keating & Trudgen, 1987). 

The wet samphire habitats of the study area are thus considered to be of 
conservation value, and consequently these habitats have been excluded from the 
proposed development area. 

The dry samphire vegetation units have not been identified within the literature as 
locally representing areas of high productivity or of special ecological value. Dry 
samphire areas have low biological productivity and exhibit a low species diversity. 
Nutrient exchange between the wet and dry samphire areas is not considered to 
constitute a significant mechanism in the maintenance of mangrove and wet 
samphire. Considering the widespread distribution of dry samphire in the region, it 
is unlikely that the units present within the study area are rare or not well 
represented elsewhere. It is therefore considered that the dry samphire habitats of 
the study area do not have a high conservation value. 

(c) Avifauna 

Australia is obliged to ensure measures for the preservation of migratory wading 
birds and their habitats as identified in the Agreement between the Government of 
Australia and the Government of Japan for the Protection of Migratory Birds in 
danger of extinction and their environment 1974 (JAMBA) and the Agreement 
between the Government of Australia and the Government of the People's Republic 
of China for the Protection of Migratory Birds and their Environment 1986 
(CAMBA). Under these treaties the governments of each country are obliged to 
prohibit the taking of migratory birds and their eggs, encourage research and 
exchanges of data, establish sanctuaries, and undertake measures to preserve and 
enhance the environment of migratory birds. 

The mangroves, high tidal mud flats and shallow marine habitats which occur in 
the project area provide habitats for both resident and migratory birds. 
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4.4 	SOCIAL ENVIRONMENT 

4.4.1 Regional Setting (Exmouth - Shark Bay - Meekatharra) 

Carnarvon is the service and administrative centre and largest town of the 
Gascoyne Region. It provides support to the pastoral and mining industries of the 
region, and is the base for the local horticulture and fishmg industries 

4.4.2 Development of Carnarvon 

4.4.2.1 Aboriginal history 

The DOLA (1988) Babbage Island Planning Study notes that there were four 
Aboriginal tribes associated with the Gascoyne River area at the time of European 
settlement. These were the Jinigudira, Baijunga, Maia and Inggarda. The fertility of 
the area was considered responsible for establishing the Gascoyne as an area of 
significance to the Aboriginal people (DOLA, 1988). 

4.4.2.2 European history 

European settlement of the Gascoyne River delta began in the 1870's and the Port 
of Carnarvon was gazetted in 1883. The town was originally developed as a port 
for shipping livestock and wool from pastoral stations in the region. Horticulture, 
fishing, mining and tourism have since developed to form a broad industry base for 
the town. 

4.4.2.3 Previous dredging and landfill history 

The first dredging of the Fascine was undertaken in 1981 and the fill used to 
develop the Secondary Island (Brockman) residential area. No further dredging was 
undertaken in the Fascine until the town beach project was undertaken in 1991. 
The town beach project involved the placement of some 6,000 m3  of dredge spoil 
on the southern side of the tramway bridge abutting the Fascine wall, i.e. on the 
eastern side of the river channel. The resultant beach extends along the bridge 
approximately 130 m, is approximately 50 m wide at its base, and has a total area 
of approximately 6,000 m2. Funding for the construction of additional beach area to 
the north of the tramway bridge has recently been provided under the Better Cities 
Programme and is due to commence shortly. The Town Beach reclamation, 
although undertaken separately to the present proposal, has been designed to be 
consistent with the overall development plan presented in this report. 
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4.4.2.4 History of use of Babbage and Whitlock Islands and the Fascine 

Babbage and Whitlock Islands are currently zoned for Residential and Tourist uses 
under the Shire of Carnarvon Town Planning Scheme No. 10. 

Existing developments within the study area are limited to small portions of 
Babbage Island on leasehold land. Existing developments and land uses within the 
study area include the following: 

historical museum Site on Babbage Island incorporating a lighthouse and 
residential quarters built early in the century which is vested in the Shire of 
Carnarvon and leased to the Gascoyné Historical Society; 

Mile-Long Jetty on Babbage Island, which extends from the shore into deep 
water, is one of the town's major tourist attractions and an important 
recreational fishing venue. The jetty is still under the control of DMH, 
although it is no longer used as a port facility; 

tramway (not currently used) which connects the town with the jetty. The 
tramway reserve totals some 16 hectares and passes through both Babbage 
and Whitlock Islands before crossing the Fascine via a timber trestle bridge. 
The reserve was previously vested in the Minister for Water Resources and 
used as a service corridor to supply water from the town to facilities at the 
jetty. The reserve is now vested with the Gascoyne Historical Society for 
historical purposes and is no longer used for water supply. The tramway is 
to be re-tracked and operated by the Carnarvon Light Railway Association 
Inc., who have restored an engine and are restoring and purchasing suitable 
carriages for this purpose; 

prawn catching and processing facility including employee accommodation 
located on Babbage Island near the Mile-Long Jetty; 

three bulk fuel depots (two now removed) on Babbage Island, one contained 
within the prawn processing facility and two adjacent to the jetty; 

five residential leases (some now converted to freehold) adjacent to the 
tramway near the jetty; and 

freehold land (originally leased) at Pelican Point for the purpose of holiday 
chalets, marina and approach channel. 

The land to be developed in Stages 1 to 4 of the proposed development, which 
constitute the primary focus of this report, contain no existing development with 
the exception of the Whitlock Island section of the tramway and tramway bridge. 
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4.4.3 Planning and Land Use Profile of Carnarvon 

Approximately 7,200 people live in the Carnarvon Shire of which some 75% live 
in the town (DRDNW, 1988). It is estimated that 20% of the town's population are 
of Aboriginal descent. Many migrants, mainly from the United Kingdom, 
Yugoslavia, Italy and Portugal, have also settled in Carnarvon. 

4.4.3.1 Residential development 

Existing urban areas in Carnarvon include the Town Centre located east and 
adjacent to the main waterbody of the Fascine, the Brockman area north of the 
town centre and adjacent to the northern reaches of the Fascine, Morgantown 
located immediately north-east of Brockman, and East Carnarvon located adjacent 
to the Gascoyne River to the north and east of Morgantown. 

The Town Centre, Brockman and Morgantown areas are substantially developed 
and have very little potential for additional residential development. The 
opportunity exists to further subdivide land within the East Carnarvon area but 
there is limited capacity to accommodate substantial or long-term urban growth. 

4.4.3.2 Fishing 

The Gascoyne fishing industry was valued at $27 million in 1984 and contributed 
about 3.7% to direct employment (DOLA, 1988). The main professional fisheries 
operating in the Carnarvon area are for prawns, rock lobster, scallops and snapper. 
A prawn and fish processing plant currently operates on Babbage Island. 

Fishing is a popular recreational pursuit with tourists and also for the people of 
Carnarvon. Fishing is conducted from boats in offshore areas and by shore-based 
anglers,priniarily from the Mile Jetty and adjacent beaches. 

4.4.3.3 Horticulture 

In the early 1920's plantations were established along the banks of the Gascoyne 
River for the production of bananas. The Camarvon plantation area, which extends 
over approximately 750 ha, has been described as the most fertile irrigated area in 
Australia (DOLA, 1988). In 1983 Carnarvon produced approximately 15% of the 
vegetables and 90% of the bananas consumed in Western Australia, and in 1987 
horticultural production was valued at over $20 million (DRDNW, 1988). 

4.4.3.4 Pastoralism 

There are 36 pastoral leases in the Shire of Carnarvon covering a total of 
4,323,772 ha. Sheep are the major livestock with wool production the primary 
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activity, however, low prices for wool since 1960 has resulted in increased cattle 
production (DOLA, 1988). 

4.4.3.5 M i n i n g 

Salt and gypsum is produced in large quantities from Lake Macleod. In addition to 
salt and gypsum mining, there is continuing interest in mineral, gas and oil 
exploration in the region (DOLA, 1988). 

4.4.3.6 Tourism 

Tourism has been identified as the industry which appears to have the greatest 
potential to sustain the immediate economic growth of Carnarvon. A survey 
conducted by the Western Australian Tourism Commission in 1986 identified 
climate, fishing and the plantations as features which make the Gascoyne region 
attractive to tourists. Carnarvon was identified as an important intermediate 
destination for travellers on either around Australia holidays or touring the northern 
part of Western Australia. The survey found that the location of Carnarvon resulted 
in the town attracting large numbers of visitors while not necesarily being the 
main destination of the trip (DOLA, 1988). This finding was confirmed by the 
Carnarvon Fascine pre-development study (DMH, 1990). 

4.4.3.7 Commerce and industry 

Carnarvon is the principal distribution, commercial and service centre for the 
Gascoyne region and much of the town's commercial activity focuses around the 
provision of services to the primary industries, i.e. fishing, horticulture and 
pastoralism. Servicing of the tourism industry and the provision of community 
services and infrastructure to the region also generate considerable employment and 
economic activity within the town. 

4.4.4 Identified Community Concerns 

4.4.4.1 Public access 

The tramway bridge is considered by local historians to be an important piece of 
Cartiarvon's heritage, and is potentially a convenient pedestrian and bicycle access 
route to Babbage and Whitiock Islands and the Mile-Long Jetty. There is also some 
community interest in re-establishing a rail link between the jetty and the town 
centre (DRDNW, 1988). 
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4.4.4.2 Restricted use of Fascine 

In earlier times large boats could travel up the Fascine and moor adjacent to the 
town centre. The deposition of sand in the channel has resulted in the Fascine 
becoming un-navigable, except to small boats during periods of high tide. As a 
result there is currently little use of this resource, which is generally perceived as 
having the potential to become the 'centrepiece' of the town (DRDNW, 1988). 

Planning reports indicate that there is considerable community desire and pressure 
to have the entire Fascine dredged to give the visual impression of a continuous 
body of water and to enable shallow draft vessels to operate, even at low tide. 

4.4.4.3 Recognised conservation values and reserves 

Much of the conservation value of the Carnarvon area is based on the perceived 
significance of the vegetation associations and of the importance of the Gascoyne 
delta to migratory birds (Section 4.3.2.4c). 

Babbage and Whitlock Islands and the Fascine have conservation value for 
aesthetic and landscape reasons, particularly the mangrove areas surrounding Oyster 
Creek. The beach areas, Fascine wall, the Mile-Long Jetty, tramway and the 
Lighthouse Keeper's Cottage Museum have conservation value as areas of cultural 
and historical interest, and for tourist and recreational activities. 

	

4.5 	SYNTHESIS - POTENTIAL ISSUES 

From the study of the project area and in view of the proposed development, the 
following issues have been identified as potential concerns: 

conservation values of mangrove and wet samphire habitats of the project 
area within a regional context; 

the importance of the Gascoyne delta to migratory wading birds; 

the capability of land on Babbage and Whitlock Islands for development; 

	

41 	the requirement for foreshore and conservation area management plans; 

the adequacy of flushing and circulation provided by tidal and wind action; 

flood and storm surge management and associated risk to development of 
Babbage and Whitlock Islands; and 

the need for long term management to address:- 
- 	maintenance dredging; 
- 	canal wall and foreshore stability; and 
- 	water quality. 
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5 	ENVIRONMENTAL IMPACTS 

5.1 INTRODUCTION 

The proposed development of Babbage and Whitlock Islands will have both short-
and long-term impacts on the physical, biological and social environment of 
Carnarvon. Some of these impacts will be adverse, while others will be regarded as 
beneficial. In either case, there may be a need to implement management to ensure 
that direct or indirect adverse impacts are minimised. The following section of the 
report describes these impacts and their scale. Where appropriate, reference is made 
to management actions which will be implemented in order to ameliorate, as far as 
possible, the adverse impacts described. Further detail on these management actions 
is presented in Section 6 (Management). 

5.2 	SHORT-TERM (CONSTRUCTION) IMPACTS 

5.2.1 Dredging and Dredge Spoil Disposal 

Operation of the dredge will generate localised turbidity within the Fascine over 
the period of dredging. By way of comparison, this level of turbidity will be lower 
than that which previously occurred naturally during the periodic flooding of the 
Gascoyne River and to which the biota within this environment is adapted. 

Discharge of the dredge spoil will be undertaken within bunded areas to ensure that 
settlement of fine sediment takes place before the water is returned to the Fascine. 
Due to the coarse nature of much of the sediment being dredged, the extent of 
fines is predicted to be quite low and rates of percolation from the spoil dump 
high. This will ensure the rapid drainage and consolidation of the sediment. 

5.2.2 Land Stability During Construction 

There will be potential for wind erosion from the surface of the filled areas 
following the deposition of fill, and from water erosion at the margins of the 
batters of the filled area by heavy rainfall. As a consequence, there will be a need 
for short-term stabilisation measures during the construction period. Subsequent 
permanent stabiisation will be provided by the walling of batters, and the 
construction of buildings and the establishment of landscaping on the reclaimed 
surface. 
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5.2.3 Dust and Noise 

As the dredge spoil will be deposited wet, this activity will not generate any dust, 
however, during the process of consolidating the sediments, grading the land 
surface, and servicing the new development, i.e. construction of roads, installation 
of water and sewer pipes, etc., some dust will be generated. Guidelines for the 
control of dust in this situation will be followed, with appropriate screening or 
surface watering where required. 

Dredging, soil compaction and servicing are all activities which will generate some 
noise. To minimise the adverse effects on local residents, the times when such 
activities can be undertaken will be negotiated with the local authority. 

5.3 	IMPACT ON PHYSICAL ENVIRONMENT 

5.3.1 Scope of Impacts 

Impact on the physical environment will be confined to the development area and 
its immediate surrounds. The principal impacts will be on topography and 
bathymetry, and there will be minor impacts on groundwater. 

5.3.2 Topography and Bathymetry 

The development will result in the raising of some parts of the existing land 
surface to levels suitable for development (>4.1 m AHD) and the deepening of 
parts of the existing waterbody to a maximum depth of -2.5 m AHD. In interface 
areas there will be a mix of fill and excavation, but overall the development will 
result in an increase in the surface area and volume of water in the Fascine. In the 
upper reaches of the Fascine (i.e. above the tramway) and in the proposed yacht 
basin, this expansion will be accompanied by a reduction in the area of terrestrial 
and intertidal habitat. 

5.3.3 Shoreline and Land Stability 

Under the development scenario proposed, the shorelines of the Fascine will be 
fixed in the positions indicated in the development plan. The stability of the land, 
which has been ensured through the closure of the South Arm following 
construction of the Babbage Island Levee, will be increased through the proposed 
foreshore walling and foreshore stabilisation works. Studies have indicated that the 
navigation channel will remain open but may change in alignment over time, and 
this has been allowed for in the design for navigational markers. This movement of 
the channel will not affect the stability of the adjacent shorelines. 
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5.3.4 Hydrodynamics of the Fascine (Effect of Dredging) 

The hydrodynamic study of the Fascine waterbody (DMH, 1990) concluded that 
tidal flushing of the Fascine is capable of maintaining a stable entrance channel 
even though the Babbage Island spit continues to be highly dynamic and extending 
southwards at a rate of approximately 26 m per year. 

In the long term, the southward movement of the spit will encroach upon the 
northern side of Teggs Channel. Although this may result in some increased 
maintenance dredging requirements for Teggs Channel, it should not jeopardise the 
entrance channel to the Fascine. 

There will be a need to undertake periodic maintenance dredging within the 
Fascine. The results of the hydrodynamic model study suggest that siltation may be 
anticipated near the southern end of Whiflock Island at a rate of up to 0.2 m per 
year over a limited section of the dredged channel. The rate of siltation will be 
dependent upon the depth to which the channel is originally dredged and the 
frequency of maintenance dredging operations (DMH, 1990). 

5.3.5 Groundwater Hydrology and Quality 

The groundwater beneath the development site and immediate surrounds is saline 
and unsuitable for irrigation purposes. 

Urbanisation of parts of Whitlock and Babbage Islands will result in increased 
runoff being carried into the groundwater, due to the more efficient capture of 
rainfall from roofs and sealed surfaces and through losses from irrigation systems. 
Although typical urban gardens will tend to use more water, overall there is 
expected to be a net increase in the amount of groundwater recharge. This in turn 
will result in greater discharge through the groundwater system. In other locations 
where similar impacts have occurred, e.g. Dampier, this has typically led to an 
increase in the luxurience of the adjacent samphire and mangroves through the 
reduction in groundwater salinity in these zones and the availability of additional 
nutrients. 

The increased quantity of groundwater will not, however, be sufficient to allow for 
the operation of domestic bores. 

The impact of the development on groundwater beneath the site is therefore 
considered to be minor. 

5.3.6 Water Quality in the Fascine 

Water quality in the Fascine is generally maintained by daily tidal flushing, 
however, there are at present some cut-off pools in the upper parts of the fascine 
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which are only flushed on extreme high tides and these may quickly become 
malodorous due to rapid heating and evaporation, a feature which is most apparent 
in the summer months. 

Dredging will deepen these temporary pools and connect them to other parts of the 
water body. Once completed, all parts of the Fascine will be open to flushing on a 
daily basis. 

The source water for the Fascine waterway is nearshore oceanic water which is 
typically of high quality throughout the year. During periodic rain storms and river 
floods higher turbidity occurs. Such events are typically of short duration. 

Strong diurnal tidal movement and alignment with the prevailing wind direction 
will ensure that the canals are effectively flushed and that, as a result, water quality 
will remain high. 

5.3.7 Coastal Sediment Transport 

The project will have no impact on coastal sediment transport. The elongation of 
the Babbage Island spit may ultimately impinge on Teggs Channel, however, as 
this channel provides access to the small boat harbour as well as to the Fascine, it 
has previously been identified that this channel will require regular dredging to 
maintain its existing function. 

5.4 	IMPACT ON BIOLOGICAL ENVIRONMENT 

5.4.1 Scope of Impacts 

Impacts arising from the development will be confined to the development area, 
although there will be some associated impact through increased use of the 
waterways and shorelines made possible by this development. Measures to mitigate 
the effects of increased use on these areas isdiscussed in Section 6 (Management). 

5.4.2 Terrestrial Biota 

Impacts on the terrestrial biota will occur through the loss of dry samphire and 
vegetated dune areas which will be taken up by the development. Fauna resident in 
these areas, comprising reptiles and insects and terrestrial birds, rabbits and feral 
cats will either be killed or displaced by the development. Some of these species 
will return to the area following development and some additional species will be 
able to take advantage of the new habitat created. However, overall it is anticipated 
that there will be a reduction in the larger species of reptile and the feral mammals 
following development. The loss of habitat within these areas will not affect the 
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regional viability of the species present in this area, and their loss will not lessen 
the viability of the adjacent wet samphire and mangrove which will be retained 
following development. 

The staged development of the project, which will be undertaken in relatively small 
parcels, will ensure that the displacement impacts are minimised. 

The faunal habitats which will be lost are common within the region, and no 
adverse impact on rare or endangered fauna is foreseen. Similarly, the flora habitats 
are well represented elsewhere and there is anticipated to be no impact on 
recognised rare or endangered flora. The species identified by Keating & Trudgen 
(1987) as being of particular interest will be protected by adequate reservation of 
their identified principal habitats, the wet samphire and the dune vegetation. 

5.4.3 Aquatic Biota 

There will be a localised reduction in intertidal habitat within the Fascine following 
dredging. This in turn will lead to a reduction within the affected area of intertidal 
biota. The intertidal biota consists primarily of an invertebrate fauna consisting of 
crabs, molluscs, bivalves and worms. The intertidal faunal species are all common 
throughout the region and this loss of habitat will not have a significant effect on 
the regional population. The area of habitat available to fish will increase as a 
consequence of the proposed dredging and excavation. As the proposed final water 
depths will range between 0 and -2.5 m AHD the additional area created would be 
regarded as shallow water habitat. The loss of intertidal habitat will also have a 
limited impact on waterbird habitat which is discussed in the following section. 

5.4.4 Avifauna 

The principal direct effect on avifauna arising from this development will be the 
reduction in the area of intertidal habitat within the Fascine. However, the area in 
which the development is located will not impact on the sites identified as being 
highly used by waterbirds (Appendix 4, Fig. 1). The loss of feeding habitat 
available to waterbirds within the Fascine is thus considered a localised impact 
which, to some extent, will be mitigated by the additional area of sheltered 
intertidal habitat created by the southward elongation of the Babbage Island Spit, as 
discussed in Section 5.3.4. Within the context of the Gascoyne delta, the impact 
will be minor with substantial areas of similar sheltered intertidal habitat occurring 
in the tidal section of the Gascoyne River, the southern parts of the Fascine, the 
leeward side of the Babbage Island spit, and in the Oyster Creek which is located 
to the south of the Fascine. 

The indirect effect of development, that is, higher levels of disturbance due to 
increased human presence, is of greater concern due to its potential to impact on 
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adjacent higher value habitats. The management of this potential impact is 
discussed in Section 6.4.3. 

As outlined in Section 5.4.2, terrestrial avifauna will be displaced from the 
development area during construction. Some of the displaced species may be able 
to re-colonise the area once development is completed while other species, already 
adapted to the urban environment, will be able to take advantage of the new habitat 
created. It is likely that some of the existing species will not re-colonise and these 
species will rely on adjacent undisturbed areas for their future existence within the 
area. 

5.4.5 Ecosystem Impacts 

The main impact of the development on the natural environment will be the loss of 
existing habitat within the study area. Reductions will occur in the intertidal sand 
flats and banks, the dry samphire and the terrestrial dune habitats. These impacts 
on the physical and biological environment will be localised to the development 
site, and will not impede the function of the habitat in areas adjacent to the 
development, with which they have only limited interaction. 

5.4.6 Conservation Values 

Identified features or species of conservation value which have been recognised are 
the areas of intertidal mangrove and wet samphire. Identification of these habitats 
in the initial scoping study has allowed the project to be designed around these 
features to allow for their conservation. The area of intertidal sandflats will be 
reduced in area as a result of the dredging required to return the Fascine to a 
navigable state. Retention of the sandflats at the front of Whitlock Island and the 
banks of Oyster Creek will assist in minimising the impacts of this loss. 

5.5 	IMPACT ON SOCIAL ENVIRONMENT 

5.5.1 Scope of Impacts 

The project will impact on the human environment both during construction and as 
ongoing impacts. The construction impacts will include reduced access to the 
development areas on Babbage and Whitlock Islands, and increased dust and noise 
levels while construction is in progress. The beneficial impact of construction will 
be the increased job opportunities created by the project. 

Long-term impacts of the project will include improved tourist and recreational 
facilities for the town and provision of alternate (i.e. waterfront) housing. It is 
anticipated that recreational pressure on Babbage and Whitlock Islands will 
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increase, and that there will be a need for a management plan to prevent damage to 
the mangrove, samphire and dune areas reserved following development. The 
development will also provide the impetus for the reinstatement of the historic 
tramway as a pedestrian link between the town centre and the new development on 
Whitlock Island. 

Information presently available suggests that Aboriginal interests will not be 
adversely impacted by the development, however, a more detailed survey has been 
recommended by the Aboriginal Sites Department of the Western Australian 
Museum prior to the. commencement of construction to confirm this finding. 

5.5.2 Effect of Construction Activity on Residents 

Dredging and spoil disposal works and inland earthmoving will generate noise 
emissions. This will have a short-term impact on local residents as the sound will 
travel easily across the waters of the Fascine and there is a lack of vegetation or 
other screening to reduce the noise effect. Construction activity will be limited to 
set hours, where necessary, to provide adjacent residents with relief from this 
impact. 

Dredging of the Fascine and discharge of wash waters will result in discolouration 
of the Fascine waters. The impact will be of short duration only and the extent of 
water discolouration will be considerably less than that experienced locally during 
flood events in the Gascoyne River. Residents who have experienced such events 
are therefore unlikely to be concerned. 

Public access to parts of Babbage and Whitlock Islands and to the Fascine will be 
restricted during the construction period. 

5.5.3 Construction Workforce and Vehicle Movements 

The construction workforce for the project will be largely drawn from the 
Carnarvon area, however, there will be a requirement for a small specialist 
workforce for the dredging operation. 

5.5.4 Services and Facilities 

Electricity and telecom services will be provided through extensions to the existing 
service network. 

Availability of water is discussed in more detail in Section 5.5.9 below. Headworks 
charges may apply to the development due to the need to further extend the town 
water supply facilities, i.e. the borefield. 



LeProvost Environmental Consultants 	 48 

5.5.5 Aboriginal Interests 

As the result of previous studies (DOLA, 1988) one site, known as the 'Gum Tree' 
and located to the north of the proposed development site, was identified as being 
of importance to Aboriginal people. No sites within the development area were 
identified. However, as noted in Section 5.5.1, the Aboriginal Sites Department of 
the Western Australian Museum has recommended that a detailed survey of the site 
should be carried outprior to development. 

5.5.6 Use of Fascine 

Use of the Fascine would increase for residents and tourists for both active 
pursuits, such as boating and swimming, and passive recreation. There would be 
short-term limitations on access during the construction period and permanent 
limitations to foreshore access in the residential canal zone, however, much of this 
area is at presently frequently dry and little used by the public. 

5.5.7 Landscape and Aesthetics 

West of the Fascine wall the landscape conveys an air of dereliction. The tramway 
has been closed and signposted, the decking and handrails are in disrepair, and the 
ground beneath and adjacent to the tramway littered with broken glass and rubbish. 
The water edge treatments, especially at the southern end of the Fascine and 
bordering the Brockman subdivision are poor, and access to the waters edge is 
difficult. In recognition of this, Council has recently undertaken the construction of 
the Town Beach project, designed to improve both the aesthetics of the area and 
access to the Fascine foreshore. Babbage and Whitlock Islands are for the most 
part covered in natural vegetation. Development would result in a decrease in the 
area of natural vegetation, while parts of the land used for housing, etc., would be 
elevated to provide protection from flooding. The landscape appearance would 
change from natural and unmanaged to a mixture of natural and modified, but 
overall it would take on a more managed appearance. 

5.5.8 Land Use 

The land which is the subject of this proposal is currently unused, with the 
exception of some recreational fishing and minor passive recreation. Boating use is 
constrained by the depth of water in the Fascine, particularly through the access 
channel. 

Following development land use will intensify, with a mixture of residential and 
tourist accommodation and public recreation facilities. Deepening of the Fascine 
and the creation of waterfront lots will also increase boating activity on the 
Fascine. 
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5.5.9 Groundwater Use and Quality 

Due to high salinity, groundwater is not available for irrigation purposes in the 
proposed development area. It will therefore be necessary to rely on the town water 
supply for all water for domestic and irrigation purposes. An ongoing investigation 
programme by the WAWA is being carried out on future supply options, however, 
it is anticipated that adequate water is available within the region to meet future 
requirements. 

As the saline groundwater is not tapped for domestic irrigation purposes there will 
be no impact on residents adjacent to the development site. 

5.5.10 Foreshore Use 

Foreshore use is currently limited by access difficulties. The old tramway bridge 
across the Fascine has been closed to pedestrian traffic, and access to the foreshore 
on the eastern side was, until recently, effectively discouraged by lack of suitable 
access, apart from at the southern end of the Fascine, towards the yacht club area. 
Implementation of the Town Beach proposal has resulted in improved access to the 
foreshore and greater amenity. There is road access to the western side of Whitlock 
Island, after which access is by foot, generally around the beach edge. Road access 
to Babbage Island is better, with sealed roads to tourist and other use areas. 

The proposal would create parkiand and provide managed access to both sides of 
the Fascine, and this is seen as a positive impact of the development. Ongoing 
management will be required to ensure that the open space areas remain suitable 
for the purposes for which they are designed. This will primarily mean 
maintenance of facilities and landscape. 

5.5.11 Public Access to Conservation Areas 

Public access to conservation areas will be provided in managed form providing for 
limitation, by fencing, of vehicular access to defmed parking areas, provision of 
walking paths through terrestrial areas and elevated walkways through the 
mangrove area where appropriate. Provision for the traditional pastime of line 
fishing could also be made through the provision of fishing platforms along the 
lower reaches of Oyster Creek, as extensions of the elevated walkway. These 
walkways/paths would be linked into the tramway pedestrian access and the other 
open space areas. 

Although it is anticipated that human presence in the Babbage and Whitlock 
Islands conservation areas will increase as a result of the development, the 
provision of managed access is expected to reduce some of the existing adverse 
impacts on the conservation areas, including littering and the trampling of 
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vegetation. The improved management of the foreshore and conservation areas is 
regarded as a beneficial effect of the proposal. 

5.5.12 Conservation Values 

The principal areas of conservation value in the study area are the mangroves and 
wet samphire, and the mobile dunes. These areas have been excluded from the 
development area and will be protected in reserves. Other areas of value are the 
sandy intertidal shorelines at the southern end of Whitlock Island, which will also 
be protected from development. Parts of the intertidal zone in the upstream section 
of the Fascine will be reduced in area and there will be increased human activity 
adjacent to these modified areas. This will have an impact on the use of the area 
by intertidal fauna and wading birds but this will be at a local rather than regional 
impact. Historical features, the tramway and the Fascine walling will be protected 
and highlighted as features of the proposed development. 

5.6 	SUMMARY OF ENVIRONMENTAL IMPACTS 

The principal impacts of the development will be the long-term impacts associated 
with the direct alteration of habitat over the construction site. These are: 

reduction in dry samphire and dune habitat within the development area; 

deepening of the subtidal, and parts of the intertidal, zone in the upper 
section of the Fascine; 

a localised loss of potential wading bird habitat as a result of the above; and 

conversion of a modified, although largely natural, environment into a 
highly modified urban environment. 

The short-term impacts associated with the construction programme can be 
minimised to reduce adverse impacts on the community. 

No significant impacts at a regional scale are foreseen as a result of this 
development. 
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6 	ENVIRONMENTAL MANAGEMENT 

6.1 	INTRODUCTION AND OBJECTIVES 

The purpose of this section of the report is to identify those aspects of the project 
which will impact on the environment and will require management in order to 
ensure that adverse environmental impacts are minimised. The proposed 
management actions are set out in three outline management plans which cover the 
main features of the project. These are: a construction management plan which 
covers activities that are confined to the period when the project is under 
construction; a waterway management plan which deals with ongoing 
management issues related to the canals and waterways, such as water quality, 
retaining structures, maintenance dredging and navigation markers; and a foreshore 
and conservation area management plan which details the provisions for the 
maintenance and management of public areas within and adjacent to the 
development area. Should approval be granted for the development of this project 
these outline plans will be expanded, taking into consideration the EPA's 
recommendations and the requirements of other statutory organisations, to prepare a 
set of final management plans to the approval of the EPA on advice from the Shire 
of Carnarvon and DMH. 

6.1.1 Construction Management Plan 

During construction a number of activities will be carried Out which will impact on 
the social and natural environment. While most of these impacts, which include 
dredging and dredge spoil disposal and dust and noise generation, are inevitable if 
the project is approved, there are a number of actions which can be taken to 
minimise the adverse effects of these impacts. Section 6.2, the Construction 
Management Plan, describes the measures proposed to mitigate these impacts. 

6.1.2 Fascine Waterways Management Plan 

Management of the Fascine waterways will involve a number of routine 
maintenance items together with allowance for contingencies, such as repairs 
following cyclones, etc. As part of this plan a monitoring programme will be 
designed and initiated to confirm the satisfactory operational water quality of the 
waterways and to determine the frequency of maintenance operations. This 
programme is discussed in Section 6.3. 
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6.1.3 Babbage and Whitlock Islands Foreshore and 
Conservation Reserve Management Plan 

The objectives of the Babbage and Whitlock Island Management Plan are to ensure 
that the identified conservation values of the area are maintained, and that public 
access is provided to.  all areas set aside as open space or reserves. 

6.2 	CONSTRUCTION MANAGEMENT PLAN 

The construction management for the Fascine development will be prepared to the 
satisfaction of the relevant authorities by the Shire of Carnarvon prior to the start 
of construction. The management plan will address the following issues. 

6.2.1 Construction and Trarnc Noise 

Construction traffic will be confined to routes designated by the Shire of Carnarvon 
in order to minimise inconvenience to adjacent residents and to other road users. 
Hours of operation will also be set by the Shire of Carnarvon, having due regard to 
the level of noise being generated by the construction activities being undertaken 
and the effects of the noise generated by those activities on adjacent residents. 

6.2.2 Historic Tramway Bridge 

The proposed management plan will determine responsibility for the restoration of 
the tramway and bridge according to the design finally approved by the Shire of 
Carnarvon, and thereafter for its ongoing maintenance. 

It is proposed that the tramway and bridge will be retained within, and as part of, 
the proposed development. A proposal has been described in this PER which would 
retain the tramway and bridge, although the bridge would have to be modified to 
provide a raised span for boat passage. As such it would be suitable for pedestrian 
use only. Alternate options which would allow its restoration as a working tramway 
are not considered viable given the weight loadings imposed by the locomotive and 
rolling stock and the general age and condition of the bridge. 

6.2.3 Public Access to Fascine and Foreshore Areas 

Public access to construction areas will be restricted for safety reasons during the 
construction period. However, as the project will be constructed in stages and on 
land which is presently little used by the public, the impact on public use will be 
minimal. The main impact will arise during dredging of the Fascine, during which 
time boating and other water activities will be restricted by the presence of the 
dredge and spoil discharge pipes and as the result of the presence of turbidity 
plumes in the water. 
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6.2.4 Spoil Disposal 

All of the spoil generated by dredging will be used in raising the level of the 
development areas to comply with flood protection requirements. 

6.2.5 Water Quality 

Water quality within the Fascine during dredging will be maintained by containing 
the spoil within bunded settling ponds to settle out suspended solids before the 
water is allowed to filter back into the Fascine. 

6.2.6 Dewatering and Groundwater 

Construction of the waterway north of the tramway bridge may be undertaken in 
the dry by conventional dozer/scraper operation. In this event dewatering would be 
required, however, this operation would not adversely impact on any groundwater 
supply or any wetland area. Water removed in the dewatering process will be held 
in settling ponds, if necessary, to reduce the levels of suspended solids to meet 
EPA water quality criteria before being discharged into the Fascine. 

6.2.7 Soil Stabilisation 

Areas which have been cleared and/or filled to provide a surface suitable for 
construction, but will remain exposed following the initial construction phase (i.e. 
earthworks and servicing), will be stabilised to prevent the development of a dust 
nuisance to nearby residents. Areas which will remain exposed for only a short 
time may be stabilised with a bio-degradable stabiliser, while those not expected to 
be developed within the first growing season will be seeded to bind the soil 
surface. 

6.3 	FASCINE WATERWAYS MANAGEMENT PLAN 

The Shire of Carnarvon, as Proponent for the project, will be responsible for the 
development and implementation of the Fascine Waterways management plan. 
Should an agreement be entered into with a developer to construct all or part of the 
development the developer may be contracted to prepare the management plans and 
be responsible for their implementation for a fixed period. As proponent, the Shire 
will however remain responsible for ensuring that the conditions pertaining to the 
management plan are fulfilled. 

Long-term funding of the management plan. may be achieved through a differential 
rating system or through a home-owners association, to ensure that the. 
development is self-funding and that the cost of future maintenance does not fall 
back on the general public. 
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6.3.1 Objectives 

The objectives of the Fascine management plan are to ensure that the water quality 
is acceptable for the desired purposes, that the navigability of the waterways is 
maintained, and that the desired aesthetic standards are met to ensure that an 
environment which is attractive to residents and tourists is maintained. 

6.3.2 Fascine Water Quality 

An integral part of this development will be the promotion of the Fascine as a 
recreational facility catering for a range of water-based activities, including direct 
contact recreation. As such, the water will be required to meet relevant health and 
environmental criteria. While preliminary flushing predictions indicate that these 
standards will be met given that the area will be sewered to ensure that bacterial 
and nutrient contamination are minimised, a monitoring programme will be 
designed and implemented by the Proponent to confirm that these standards are 
being met. 

If 

6.3.3 Maintenance of Navigable Waterway and 
Sediment Movement 

Sediment accumulation over time may eventually reduce the depth of the entrance 
channel and waterway such that navigability is affected. This will be monitored by 
periodic bathymetric survey and, in the event that the depth is found to be 
insufficient, maintenance dredging will be undertaken. 

6.3.4 Navigation Aids 

The DMH will be responsible for the installation and maintenance of navigation 
aids within and leading to the waterway. Recognising that the position of the 
navigation channel may change over time, allowance will be made for regular 
survey of the channels and relocation of the markers. 

6.3.5 Drainage, 

All private lot drainage will be contained on site. Drainage from roads and other 
public areas will be discharged into infiltration basins within the development area. 
Allowance will be made for discharge to the Fascine in the event of extreme storm 
events. 
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6.3.6 Public Access to Development 

Public access will be provided to all parts of the waterway, and to all designated 
open space within and adjacent to the development. South of the tramway bridge 
all foreshores will be accessible to the public. North of the tramway public 
foreshores will be located at both ends of the tramway bridge, at the western end 
of the proposed causeway bridge and at the northern end of the waterway adjacent 
to the South Arm levee (Fig. 3). The frontages of canal lots will be private. 

The management plan will define the type of access to be provided to each area, 
e.g. footway, cycleway, etc., the location of parking areas and the responsibility for 
their on-going maintenance. 

6.3.7 Monitoring Programme 

6.3.7.1 Water quality in Fascine 

Water quality of the Fascine will be monitored on a regular basis for a range of 
physical and chemical parameters in order to confirm that appropriate water quality 
criteria are being met. 

6.3.7.2 Sedimentation in Fascine 

The depth of the Fascine waterways and movement of the navigation channel will 
be monitored by an annual hydrographic survey. 

6.3.7.3 Canal walls 

The condition of the canal wall and other retaining structures will be confirmed by 
annual survey undertaken by a qualified civil engineer. 

63.8 Contingency Plans 

6.3.8.1 Fuel and oil spills 

The proposed waterways development will not incorporate any fuelling facilities 
and hence the potential for a significant fuel spill in this area is minimal. Should 
the yacht club propose to incorporate fuelling facilities in their proposed marina 
facility, the club will be required to prepare an oil spill contingency plan to the 
satisfaction of the EPA on advice from the DMH. 
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6.3.8.2 Storm and flood damage 

A storm damage contingency plan will be documented identifying responsibility for 
the repair of canal walls as a result of storm damage, and for maintenance dredging. 
in the event that unforeseen sedimentation of navigation channels occurs. 

6.4 	BABBAGE AND WHITLOCK ISLANDS FORESHORE AND 
CONSERVATION RESERVE MANAGEMENT PLAN 

The Babbage and Whitlock Islands foreshore and conservation management plan 
will be developed and implemented by the Shire of Carnarvon as Proponent for the 
Fascine development. The first stage of this programme, the construction of the 
Town Beach, has already been completed under separate approval. 

6.4.1 Objectives 

The objective of the islands management plan is to ensure that managed public 
access is provided to the public open spaces and to mangrove, samphire and dune 
conservation areas, and to detail the actions necessary to ensure the maintenance of 
these ecosystems. 

6.4.2 Public Access 

Maximum public access to foreshore and conservation areas will be provided in a 
managed form consistent with protecting the natural habitats of Babbage and 
Whitlock Islands. The management plan will define the location of these 
accessways and the method of construction appropriate to each location or habitat. 

6.43 Environmental Management 

6.4.3.1 Non-navigable waterways - Oyster Creek 

Oyster Creek contains a significant area of intertidal flats and development of 
fringing mangrove towards the creek mouth, features which have been considered 
worthy of conservation. To ensure that the function of the creek is maintained, it is 
essential to ensure that the creek remains open to tidal flushing but that the depth 
and ratio of intertidal to subtidal sands is maintained approximately as it now 
stands. To ensure that this is achieved, it will be necessary, to monitor the status of 
the stream bed and to undertake periodic re-shaping of the channel and sand banks. 
Oyster Creek would not become a navigable channel. 
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6.4.3.2 Management of mangroves and wet samphire 

The principal threat to the mangrove and samphire areas is seen as uncontrolled 
access. To ensure that such access does not result in the destruction of these 
habitats it will be necessary to define appropriate walking trails, elevated where 
necessary, to prevent damage to pneumatophores and interference with natural 
drainage patterns. 

6.5 	ADMINISTRATIVE DETAILS 

6.5.1 Reporting Schedule 

An annual report presenting the results and an analysis of all monitoring and 
management actions will be prepared by the Proponent for submission to the 
relevant authorities at the end of each year. A review of all activities carried out 
will be undertaken three years after the completion of the marine-based 
components of the development, making recommendations for any necessary 
amendments to the management programme. A similar review will be carried out at 
the end of the fifth year which will also identify the need for any ongoing 
monitoring. 

6.5.1.1 Items to be reported 

The following items will be reported: 

Construction Management Plan: 

management actions undertaken during the construction period; 

the results of construction impacts monitoring; and 

actions taken to remedy any unforseen impacts detected during the 
construction period. 

Fascine Waterways Management Plan: 

the results of the annual bathymetric survey and the need for any 
maintenance dredging detected by that survey; 

the results of the water quality monitoring programme and the need for any 
action required to improve water quality; and 
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the results of the annual survey of retaining wall and other marine 
structures, and the need for any maintenance identified as a result of that 
survey. 

- 	
Babbage and Whitlock Islands Foreshore and Conservation Reserve Management 
Plan: 

the implementation of the management proposals contained within the 
management plan; 

the results of the monitoring of the condition of the mangrove and wet 
samphire communities and the bed profiles of Oyster Creek; and 

management actions recommended to remedy any adverse impacts detected. 

6.5.1.2 Timing 

Commencement of the project is determinant on economic considerations and 
projections of demand for residential land within the town of Carnarvon. The 
development will be staged, with the timing of the commencement of subsequent 
stages again being dependent on the demand for land. It is however intended that 
the initial stage will include the Fascine dredging and the first stage of canal 
construction, which will define the standards for future development. 

The construction monitoring report will be submitted following the completion of 
construction or, in the event of a protracted or staged construction programme, 
annually until the completion of construction. 

The ongoing management plans will take effect at the completion of construction, 
and an annual report will be submitted annually thereafter detailing the previous 
year's monitoring, and recommendations for, ongoing management and monitoring. 

6.5.1.3 Reporting authorities 

The results of all monitoring and management actions will be reported to the Shire 
- 	 of Carnarvon, the EPA and DMH. 

6.5.2 Authorities Responsible for Management 

6.5.2.1 The Proponent 

The Proponent will be responsible for the construction of the project and for 
ensuring that all environmental conditions are met. As part of those conditions the 
Proponent will be responsible for the design and implementation of the various 
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management plans and for the preparation of the annual management reports for 
the first five years of operation. 

6.5.2.2 State Government 

The State Government will be responsible for environmental and planning approval 
and for ensuring that the project is constructed by the Proponent in accordance 
with the conditions of the approvals granted. Management plans required to be 
prepared by the Proponent under the conditions of approval of the project will be 
prepared to the satisfaction of the EPA 
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7 COMMITMENTS 

7.1 INTRODUCTION 

This section lists all of the commitments made by the Proponent in this PER with 
respect to the proposed development of the Fascine and Babbage and Whitlock 
Islands at Carnarvon. 

The commitments have been divided into pre-construction, construction and post-
construction (operational) tasks, as appropnate 

7.2 PRE-CONSTRUCTION 

7.2.1 Heritage 

7.2.1.1 Aboriginal Heritage 

TheProponent is aware of its responsibilities with respect to the Aboriginal 
Heritage Act and will undertake to obtain the necessary clearances required under 
that Act before commencing work on site (Section 5.5.1 and 5.5.5). 

7.2.1.2 European Historical Sites 

It is proposed to retain the historic tramway and bridge which link the town and 
the Mile Long jetty. In view of the condition of the jetty it is proposed that this 
will be restored to a condition suitable for pedestrian use only (Section 3.4.2.1). 

7.2.2 Canal Circulation and Flushing 

Flushing predictions made in this report will be confirmed for the finally accepted 
design, to the satisfaction of the EPA on advice from DMH, prior to the 
commencement of construction (Section 5.3.6 and 6.3.2). 

7.2.3 Marina 

The current lease between the Council and the Carnarvon Yacht club contains a 
condition requiring the provision of foreshore access around the club area. This 
condition will apply also to the proposed marina development. 

Agreement will be reached between the Shire of Carnarvon, as proponent, the 
4 	 Carnarvon Yacht Club, as lessee of the proposed marina, and the DMH regarding 
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any additional maintenance dredging which may be required as a result of the 
siting of the marina (Section 3.2). 

7.2.4 Environmental Management Plan (Construction) 

Prior to the commencement of work on site an Environmental Management Plan 
will be prepared by the Proponent to the satisfaction of the EPA identifying those 
impacts which will occur during the construction period and the proposed method 
of management of those impacts. Impacts which will be addressed include the 
protection of identified conservation areas from construction impacts, dust and 
noise management and dredge spoil management (Section 6.1.1). 

7.3 	DURING CONSTRUCTION 

7.3.1 Dust and Noise 

In the event that a private contractor is appointed to undertake the construction of 
the project, he will be required to liaise with the Shire of Carnarvon with respect to 
the timing and management of any activities on site which give rise to dust or 
noise. 

This will include the stabilisation of any cleared areas not immediately built-on, 
with a biodegradeable emulsion or vegetation cover, to prevent the formation of a 
dust nuisance (Section 5.2.2 and 5.2.3). 

7.3.2 Dredge Spoil Management 

The spoil generated by the dredging programme will be used to raisethe level of 
adjacent land within the proposed development area to a height suitable for 
construction and will therefore be placed directly on future development sites. The 
spoil will be contained within bunds which will aid the settlement and compaction 
process and ensure that run-off water quality is of a standard acceptable to the EPA 
(Section 3.6.1,3.6.2 and 52.1). 

7.3.3 Conservation Areas 

The conservation areas, which include the mangroves at the mouth of the Fascine 
and the adjacent wet samphire areas, will be conserved according to the 
recommendations presented in the Development Constraints Study (LEC, 1990), 
and active management, including the construction of temporary fences where 
required, will be undertaken to ensure the protection of these areas during the 
construction period (Section 5.4). 
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7.3.4 Environmental Management Plans (Post-Construction) 

Plans for the management of the waterways, and the Babbage and Whitiock Islands 
foreshore and conservation reserves will be completed to the satisfaction of the 
EPA pnor to the completion of construction of the first stage of development 

7.3.4.1 Waterways Management Plan 

Water Quality 

The Shire of Carnarvon will monitor the quality of water within the 
waterways. In the event that water quality is found to be inadequate the 
Shire will undertake whatever steps are necessary to achieve the required 
standard (Sections 6 3 2 and 6.3.7.1). 

Canal WalLs 

The condition of the canal walls and other marine structures will be 
monitored by the Shire of Carnarvon on an annual basis. The Shire will 
undertake to ensure that all structures are maintained by the owners to the 
required standard (Section 6.3.7.3). 

Maintenance Dredging 

Maintenance dredging of the navigable channel/Fascine entrance will be the 
responsibility of the DMH. This responsibility may in part, however, be 
deferred to the Carnarvon Yacht Club Inc. under an agreement to develop a 
deeper water entrance and basin for the yacht marina. Responsibility for the 
maintenance of navigable channels in the residentially developed parts of 
the Fascine will be the responsibility of the Shire of Carnarvon (Section 
6.3.3 and 6.3.7.2). 

7.3.4.2 Babbage and Whitlock Islands Foreshore and Conservation Area 
Management Plan 

Mangrove and Wet Samphire 

Management plans designed to ensure the on-going protection of the 
intertidal mangrove and wet samphire vegetation will be implemented by 
the Proponent at the completion of construction (Section 6.4). 
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7.4 	POST CONSTRUCTION - IMPLEMENTATION OF THE 
OPERATIONAL MANAGEMENT PLANS 

The waterway and conservation area management plans identified at points 7.3.4.1 
and 7.3.4.2 will be implemented by the Proponent at the conclusion of the 
construction phase. 
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8 CONCLUSION 

8.1 	ENVIRONMENTAL IMPACTS 

The impacts associated with this project are localised loss and modification of 
- 	 largely natural terrestrial and intertidal habitat, altered visual aesthetic impact 'and 

short-term, construction impacts. 

8.2 	MANAGEMENT OF iMPACTS 

Changes to the visual environment and to habitats are permanent and are an 
accepted cost of the development. Construction impacts and peripheral impacts, 
such as the protection of the mangrove and associated samphire areas, are 
manageable and management plans will be developed to address the identified 
issues. 

8.3 BENEFITS 

The benefits of the project are that the proposed development around the Fascine 
will allow for the further orderly growth of Carnarvon in a consolidated fashion 
and thereby minimise infrastructure costs which would be associated with, for 
example, development at Brown Range. Development around the Fascine also 
offers opportunities for incorporating tourist' development facilities in an 
appropriate location, again not available at Brown Range. 

Overall, development of the town to the west offers the opportunity to promote 
Carnarvon's seaside location, a feature which is not emphasised in current 
development and which consequently reduces its attraction to tourists and potential 
residents. 

8.4 CONCLUSION 

The proposed development will achieve the aims of consolidating future 
development around the town centre and of placing greater emphasis on the coastal 
location of the town. This will be achieved with localised impacts on the terrestrial 
and intertidal environmental habitats as opposed to entirely terrestrial impacts if 
located at the alternate Brown Range location. It is concluded that the project 
meets the aims of the planning study, with manageable local impacts. 
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10 GLOSSARY 

Abbreviations of Measures 

% 	- percentage 
°C 	- degress Celcius 
cm 	- centimetres 
ha 	- hectares (1 ha = 10,000 m2) 
km/h 	- kilometres per hour 
km2 	- square kilometres 
m 	- metre 
m2 	- square metres 

- cubic metres (equivalent to kL) 

Acronyms 

AHD - 	Australian Height Datum 
BU - 	Beneficial Use 
CALM - 	Department of Conservation & Land Management 
CAMBA - 	China Australia Migratory Birds Agreement 
CD - 	chart datum 
CER - 	Consultative Environmental Review 
DA - 	Department of Agriculture 
DCE - 	Department of Conservation & Environment 
DF - 	Department of Fisheries 
DMH - 	Department of Marine & Harbours 
DOLA - 	Department of Land Administration 
DPUD - 	Department of Planning & Urban Development 
DRD - 	Department of Resources Development 
DRDNW - 	Department of Regional Development & the North West 
EPA - 	Environmental Protection Authority 
GS - 	Geological Survey 
JAMB A - 	Japan Australia Migratory Birds Agreement 
LEC - 	LeProvost Environmental Consultants 
LSC - 	LeProvost, Semeniuk & Chalmer, Environmental Consultants 
PER - 	Public Environmental Review 
PHC - 	Port & Harbour Consultants 
POS - 	public open space 
RL - 	Reduced Level 
SECWA - 	State Energy Commission Western Australia 
SKP - 	Sinclair Knight & Partners consulting Engineers 
SPC - 	State Planning Commission 
TPS - 	Town Planning Scheme 
WAWA - 	Water Authority of Western Australia 
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Scientific Terms 

accretion 	 - gradual increase or extension of land by natural forces 
acting over a long period of time 

aeolian 	 - wind blown 
aeolianite 	- rock formed from wind blown sediments 
alluvial 	 - material transported by a river and deposited 
aniphipods 	- order of crustaceans, including freshwater shrimps 
aquifer, 	 - a subsurface rock formation that contains sufficient 

saturated permeable material to transmit groundwater 
astronomical tide 	- daily tidal fluctuation 
avifauna 	 - bird life 
barometric tide 	- long-term tidal fluctuation, influenced by the passage 

of high and low pressure systems 
basal formation 	- the earliest formed portion of stratigraphical unit 
bathymetry 	- bottom of a body of water 
benthic ' 	 - zone of the floor of an ocean or lake where there are 

rooted organisms 
benthos 	 - animals and plants living in substrate 
biota 	 - plants and animals of an area 
bund wall 	- earth embankment 
Cretaceous 	- geological period beginning 135 million years before 

present and lasting approximately 70 million years 
crustaceans 	- class of aquatic arthropods including crabs, shrimps 

and barnacles 
cyclone 	 - centre of low atmospheric sea pressure 
datum 	 - fixed reference level 
delta 	 - a plain formed at the margin of a waterbody by 

deposition of stream-borne sediments at the mouths of 
streams 

deltoid 	 - resembling a delta 
detritus 	 - organic debris from decomposing plants and animals 
diurnal 	 - occurring daily 
ecosystem 	- the dynamic whole formed by the habitat and the 

association of living beings (biotic community) that 
occupy it 	 . 

fauna 	 - animals 
flood plain 	-. area of land adjacent, to a river which is usually dry, 

and becomes covered with water during times of high 
river flow 

flora 	 - plants 
fluvial 	. 	 - of or pertaining to a river; produced by the action of a 

stream or river 
foreshore 	- beach zone adjoining the river or sea 
gastropods 	- class of molluscs often having a single shell (eg. 

snails) 
geology 	 - study of the Earth 
geomorphology 	- the description and interpretation of landforms 
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grapsid crabs - 	group of crabs commonly found in the intertidal zone 
inhabited by mangroves 

habitat - 	environmental 	conditions 	which 	are 	effective 	in 
determining the existence of a community in a certain 
place 

halophyte - 	plant 	which 	grows 	in 	soil 	containing 	a 	high 
concentration of salt (eg. samphire) 

Holocene - 	youngest 	subdivision 	of 	the 	Quaternary 	period; 
following the Pleistocene, from 10000 years ago to 
the present 

hydrodynamics - 	forces acting on or exerted by liquids 
hydrography - 	water level or rate of flow of water in watercourses or 

aquifers 
hydrology - 	study of water movements 
hypersaline - 	much saltier than the ocean 
indigenous - 	a plant or animal belonging to the original biota of an 

area 
infauna - 	bottom dwelling and burrowing animals 
interdunal - 	area between successive dunes 
intertidal - 	area periodically exposed between low and high tide 

marks 
inundated - 	waterlogged 
invertebrates - 	animals without backbones 
landbreeze - 	wind blowing seawards from a body of land, caused 

by temperature differences 
lithological description of rocks in terms of mineral composition 

and texture 
littoral zone - 	area between the highest storm surge level and lowest 

level of spring tide 
lobate - 	tongue-like projection 
mangroves - 	type of tree that occurs along tidal estuaries, in salt 

marshes and on muddy coasts 
morphology - 	the shape of the earths surface 
oceanography - 	pertaining to processes of the ocean 
ocypod crabs - 	burrowing crabs of sandy beaches, often called ghost 

crabs 
organic - 	carbon-based life 
Palaeozoic - 	era of ancient geological time occurring between the 

Precambrian and Mesozoic 
passerines - 	perching birds with large backward toe and three 

smaller forward toes 
pelagic - 	applied to organisms which live, swim or float in the 

open sea and not on the sea floor 
physiognomic - 	able to determine characteristic from external features 
Pleistocene - 	older subdivision of the Quaternary preceeding the 

Holocene from about 2 million years ago to 10000 
years ago 
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pneumatophores 	- special root branch produced in large numbers by 
some 	vascular 	plants 	growing 	in 	water 	or 	tidal 
swamps e.g. mangrove. Grows erect, projecting into 
the 	air 	above 	and 	has 	intercellular 	system 	of air 
spaces 	with 	pores 	on 	the 	aerial 	portion 	in 
communication with the amosphere. 

polychaete 	= order of annelids including bristle worms, tube-worms 
and fan worms 

prograding 	- building 	outward 	of 	shoreline 	or 	coastline 	by 
nearshore deposition or riverborne sediments or beach 
material 

Quaternary 	- geological 	time 	since 	the 	end 	of 	the 	Pliocene, 
including the Pleistocene and Holocene subdivisions 

regression 	- lowering of sea level relative to the land, or retreat of 
the sea by build-out of land surface sediments 

relict 	 - remnant of a topographic feature after other parts of 
the feature have been removed 

runoff - 	surface drainage 
saline - 	salt concentration 
saltmarsh - 	land 	influenced 	by 	slaine/estuarine 	waters 	and 

inhabited by salt tolerant plants 
samphire - 	salt tolerant plant 
sandspit - 	sand 	embankment deposited 	by 	longshore 	drifting 

having one end attached to the mainland and the other 
terminating in open water 

seabreeze - 	wind blowing landwards from the sea, caused by. 
temperature differences 

sedge - 	grasslike plant growing on wet ground 
sedimentation - 	process of deposition of mineral grains or precipitates 

in the beds of waterbodies 
shoal - 	submerged sandbank or reef that shows at low water 
siliceous - 	comprised of primarily silicon compounds 
silt- 	- 	- very fine mineral particles 	-- 	 -- - 	- 
siltation - 	deposition of silt in a water body 
species - 	smallest unit of classification of organisms commonly 

used, the group of which have the greatest mutual 
resemblance 

spoil - 	soil material which has been excavated 
strand plain - 	plain composed of sequentially deposited shorelines 
stratigraphic - 	divisions of geological time 
sublittoral - 	shallow zone of sea below the intertidal 
substrate. - 	the bottom environment of a waterbody 
subterranean - 	formed or occurring beneath the earth's surface 
subtidal - 	below the level of low water mark 
supratidal - 	area above normal high-tide mark 
swale - 	a long, narrow, trough-like depression between two 

beach ridges, 	and 	aligned roughly parallel to 	the 
coastline. 
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swell 

terrestrial 
temgenous 

Tertiary 

turbidity 
volutes 
whelks 
wind waves 

- 	wave motion in ocean with long regular undulation 
caused by a distant disturbance 

- 	of the land 
- 	shallow marine sediment consisting of material eroded 

from the land surface 
- 	geological period from the end of the Cretaceous to 

the beginning of the Quaternary 
- 	cloudiness in a liquid caused by suspended material 
- 	type of gastropod with spiral shell 
- 	gastropod with spiral shaped shell 
- 	waves generated by wind action 
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(;uIDELINEs FOR THE PUBLIC ENVIRONMENTAL REVIEW (PER) 
FOR THE PROPOSED FASCINE DEVELOPMENT 

SHIRE OF CARNAR VON 

In June 1990 the Department of Marine and Harbours, on behalf of the Shire of Carnarvon, 
submitted to the Environmental Protection Authority a proposal to develop an area of the Fascine at 
Camarvon. This development proposal would involve dredging a 50 metre wide entrance channel to 
a depth of 2.5m AHD to the end of the south arm of the Gascoyne River Delta. Spoil generated 
through this dredging is proposed to be used to raise adjacent low lying land within the delta area, 
for possible use as an urban area sometime in the future. This channel dredging is proposed to 
create a permanent navigatable waterway. Also included in the development proposal is the creation 
of a marina for small craft moorings, boat launching ramps, tourist facilities including a caravan 
park, hotel/motel complex, and holiday chalets. These are proposed to be undertaken on a staged 
basis. 

Following consideration of the development concept plan, the EPA determined that it shall be 
assessed under Part IV of the Environmental Protection Act as a Public Environmental Review. 

These guidelines identify issues that should be addressed within the Public Environmental Review 
(PER). They are not intended to be exhaustive, and the proponent may consider that other issues 
should also be included in the document. 

The PER is intended to be a brief document, its purpose should be explained, and the contents 
should be concise and accurate as well as being readily understood by interested members of the 
public. Specialist information and technical description should be included where it assists in the 
understanding of the proposal. Detailed information should be included in the appendices. 

The following key issues associated with the proposal should be highlighted within the document: 

* 	the impact of urban and recreational development and associated service facilities on the 
natural coastal Fascine environment; and 

* 	the construction of a development of this kind in relation to recommendations contained 
within the Babbage Island, Camarvon Planning Study Report, as prepared by the 
Department of Land Administration in September 1988. 

1. Summary 

This section should Contain a clear and concise summary of the salient features of the proposal. 
Discussion should include a summary of: 

* 	alternatives considered, including discussion of Concept Plans A and B; 
* 	preferred option in relation to the Babbage Island Planning Study; 
* 	description of the environment in relation to the proposed dredging activity; 
* 	location of proposed deposition of dredge spill; 
* 	description of receiving environment in relation to recreational and urban development, 

analysis of potential impacts, and their significance: 
* 	environmental monitoring, management and safeguards and associated commitments; and 

conclusions. 
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Introduction 

The introduction should include: 

* 	identification of proponent and responsible authorities: 
* 	background and objectives of the proposal: 
* 	brief details and liming of the various stages of the proposal; 
* 	relevant statutory requirements and approval procedures; and 
* 	purpose and structure of the PER. 

Need for Development 

This section is concerned with the justification for the project and projected costs (in the broad 
sense) and benefits at local and regional-  levels. Reference should be made to previous studies 
undertaken in the area in response to the perceived need for development, recognised in previous 
years by the Shire, to cater for Camarvon residents, as well as,  West Australian and interstate 
tourists. 

Evaluation of Alternatives 

A discussion of the proposal, including alternative sites, should be .given in a local and regional 
context. A comparison of these alternatives in the context of the stated objectives of the proposal 
should be included as will as the respective costs and benefits at both construction and operational 
stages. In this way the rationale for not choosing certain alternatives should be clear as will the 
basis for choosing the preferred option. The preferred option should also be discussed in relation to 
previous studies undertaken in the area, including the Babbage Island Planning Study. Limitations to 
the proposal should also be identified. Discussion should acknowledge that the area will continue to 
be subject to seasonal flooding and increasing recreational pressure. 

S. 	Description of Proposal 

This should include: 

* 	overall concept including description of Concept Plans A & B. (Discussion of Concept A 
should include long-term planning proposals for extensions to the existing Camarvon 
Fishing Boat Harbour); 

* 	location and layout of proposed development, including day-use facilities, campsites, chalet 
areas, caravan park areas and motels; 	 - 

* 	proposed land uses and land tenures; 
* 	construction schedule and methods of construction including source of materials and 

disposal of wastes; 
* 	infrastructure and auxiliary services (eg power, water, boat ramp facilities and sewerage); 

and 	 - 
* 	traffic requirements; 
* 	details of required workforce (construction and operational) and estimate of any increase in 

local populations; and 
* 	impact on existing sediment transport regime. 

6. 	Existing Environment 

This section should concentrate on the significant aspects of the environment likely to be impacted 
by the development. Only the processes, habitats, resources and potential resources which could be 
influenced should be defined. 
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6.1 	Physical 

This section should set the project in the context of local: 

* 	oceanography; 
* 	geology and geomorphology of the area; 
* 	drainage; and 
* 	a brief outline of previous dredging activity undertaken in the area. 

The following issues should be addressed in detail: 

* 	shoreline stability; 
* 	local hydrogeology (including water quality, location of groundwater and fresh/salt water 

interface); and 
* 	coastal processes, including long-term prograding of sediments within the Gascoyne River 

delta area. 

A clear indication of areas proposed to be used for dredge spoil deposition should be given. 

Land capability, particularly low lying land, and viability for development should be discussed. 
Areas capable of sustaining development, and/or those areas vulnerable to degradation should also 

- 	 be highlighted. 

6.2 	Biological 

Coastal onshore biota, in particular mangrove, wet and dry samphire, saltbush and sand dune 
communities. This should be discussed in a local and regional context. Particular mention should be 
made to disturbance of rare and/or endangered vegetation units. 

Discussion should be based on information related to the local hydmiogy (fresh water lens/tidal 
influence/dependence upon incident rainfall). Mention of the fact that a significant area of the 
coastal vegetation may have been affected be the construction of the levee bank on the south arm of 
the River delta should also be included. 

6.3 Human 

The following issues should be discussed: 
* 	local community; 
* 	Aboriginal interests; 
* 	land use reservation (existing foreshore reserve and conservation areas); 
* 	current land use, including recreation aspects; 
* 	current use of offshore waters in the vicinity of the proposal; 
* 	existing public access to the foreshore and general Fascine area; and 
* 	set back requirements as designated by statutory planning regulations. 

It may be relevant to include here discussion of the limitations of recreational activity currently 
experienced with use of this area. 
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7. 	Environmental Impacts 

This is a key part of the document and the results should show the overall effect on the total 
ecosystems and surroundings of the location both during and after construction. 

The objective of this section is to predict potential impacts upon the environment. This should 
include an assessment of the resilience of the systems identified in 6 to natural and man-induced 
pressures. 

Discussion should include the need for a properly staged development plan. 

	

7.1 	Permanent Environmental Impacts 

The following impacts should be addressed: 

	

* 	infrastructure, including construction of access roads, parking facilities, boat ramps and 
services (j)ower, water sewage); 

	

* 	emissions associated with the development (including air, water, noise and waste disposal); 

	

* 	impact on ecosystems sustaining off-shore and on-shore including the loss of areas of 
samphire and mangrove vegetation (discussion should include specific and cumulative 
impacts); eg through waste water disposal seepage into ocean; 

	

* 	increased human use pressure associated with the development; 

	

* 	impact on Aboriginal interests; 

	

* 	modified hydrodynamics and drainage; 

	

* 	impact of urban run-off on marine environment; and 

	

* 	impact on water quality associated with proposed dredging, and proposed canals/alternation 
to natural waterway. 

	

71 	Temporary Environment Impacts 

These are mostly associated with the construction phase of the project. The following should be 
addressed: 

	

* 	water turbidity associated with dredging activity; 

	

* 	land stability during construction; 

	

* 	noise and dust associated with the transport of raw materials; and 

	

* 	impact of construction workforce on local community, infrastructure, services and facilities. 

	

73 	Long-term Environmental Impacts 

These impacts may not become evident until after the development has been completed, however, 
they may have significant long term environmental implications, and should be addressed within the 
PER. These include impacts associated with cyclones, storm surges, flood mitigation measures, and 
long-term rise in sea level associated with the Greenhouse Effect. 

Impacts should be quantified where possible, criteria for making assessments of their significance 
should be outlined, and compliance with relevant standards should be demonstrated. The 
significance and timing of the various potential impacts also be examined. 



5 

Specific issues to be addresses include: 

* 	aesthetic/visual impact on Fascine area: 
* 	long term management of recreational human pressure on adjacent conservation areas and 

vegetation communities; 
* 	impact on local fishing industry and fish nursery areas; 
* 	oil/fuel spillage contingency plans; 
* 	long-term impact on water quality within Fascine, and proposed management of this; and 
* 	long-term impact on coastal sediment transport regime 

Public Consultation 

A description should be provided of public consultation activities undertaken by the proponent in 
preparing the CER. This should outline the activities, the groups or individuals involved and the 
objectives of the activities. A summary of concerns raised should be documented along with how 
each of these concerns has been addressed. 

Environmental Management and Monitoring 

A management and monitoring programme should be described on the basis of (and cross-
referenced to) the potential environmental and social impacts described in Section 7. 

The purpose of the management programme is to determine management mechanisms, demonstrate 
the manner in which potential environmental impacts can be ameliorated., and outline on-going 
management requirements and commitments in particular in relation to flood management, channel 
maintenance, and the integrity of identified conservation areas. Procedures for reporting the results 
of monitoring and management to appropriate authorities should be given. 

Authorities responsible for management should be clearly identified as should management 
administration, costs and funding, including long term financial contingencies. 

Emphasis should be placed on the manner in which monitoring results will lead, where appropriate, 
to amendments to the management programme. Environmental safeguards, including contingency 
planning for infrequent events should also be included. 

It is important that specific commitments are given to all components and procedures of the 
management and monitoring programme. (See Section 10) 

Conclusion 

An assessment of the environmental acceptability of the project in terms of its overall environmental 
impact and in the context of the proposed management programme should be given. 

Commitments 

Where an environmental problem has the potential to occur, the proponent should cover this 
potential problem with a commitment to rectify it. Where appropriate, the commitment should 
include: (a) who will do the work, (b) what the work is, (c) when the work will be carried out and 
(d) to whose satisfaction the work will be carried out. 

A summary of all commitments in numbered form should be given. 



on 

/ 	12. References 

13. Appendices 

These should include the following: 

* 	Glossary - clarification of terms of reference, for example - caravan parks, chalet 
occupancy 

* 	PER Guidelines. 

* 	Ancillary or lengthy technical information related to discussion in the text of the report. 
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CARNARVON FASCINE 

DEVELOPMENT CONSTRAINTS STUDY 

I INTRODUCTION 

1.1 BACKGROUND 

Carnarvon is situated within the southern part of the Gascoyne River delta system. 
Much of the town is built on land reclaimed from the low-lying delta and protected 
from floods by man-made levee banks and retaining walls. Further growth of the 
town is constrained by a lack of readily developable and flood-free land. Babbage 
and Whitlock Islands have been identified by the Carnarvon Shire Council as the 
preferred site for future growth of the town of Carnarvon. 

In September 1988, the Department of Land Administration (DOLA) released the 
Babbage Island Planning Study (DOLA, 1988). The aim of this study was to 
provide for the orderly planning and development of Babbage and Whitlock Islands 
by successfully integrating conservation and land management with tourist and 
residential development opportunities. The Planning Study produced a conceptual 
development plan based on a land resource, capability and vegetation survey 
(Fig. 1). The conceptual plan proposed an orderly development of Babbage Island, 
but recommended that the vast majority of Whitlock Island be left in its natural 
state as public open space for passive recreation and educational purposes. 

The major reasons for leaving Whitlock Island largely undeveloped were: 

in its present form most of the Island is unsuitable for development because 
it is low-lying and formed from muddy saline soils; and 

the Island has conservation value because it supports some species or 
assemblages of flora which are considered potentially important. 

In November 1988, "Future Directions, a Development Strategy for the Town of 
Carnarvon" was released by the Shire of Carnarvon (Department of Regional 
Development and the North West, 1988). This Development Strategy has received 
substantial input from the local community. Whilst the Development Strategy 
supports the development of Babbage and Whitlock Islands along the lines 
suggested in the DOLA (1988) planning report, it takes issue with the relative 
proportions of land on Whitlock Island allocated to nature reserve, public open 
space and waterfront development. The community preference is for less public 
open space and nature reserves, and more tourist and residential development. The 
development of waterfront tourist facilities and residential housing is considered 
fundamental to Carnarvon's success in attracting developers to undertake the 
dredging works required to enhance the development capability of Whitlock Island 
by placing dredge spoil on non-sensitive areas of the Island. 
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"There is universal acceptance by the Carnarvon community of the 
desirability of dredging the Fascine to enable more water and 
foreshore-based recreation activities and to improve the 
attractiveness of the town. The Fascine is seen as the future 
'centrepiece' of the town" (Department of Regional Development 
and the North West, 1988). 

A major recommendation of the Development Strategy for Carnarvon was that: 

"The Government should provide funds to the Department of Marine 
& Harbours to conduct a detailed investigation, in conjunction with 
the Shire of Carnarvon, of the costs of dredging the Fascine to meet 
the community's objectives." (Department of Regional Development 
and the North West, 1988) 

1.2 	ENVIRONMENTAL CONSTRAINTS STUDY 

The Department of Marine & Harbours (DMH) is co-ordinating an overall study 
into the development of Babbage and Whitlock Islands, and dredging of the 
Fascine in Carnarvon. As part of this study, DMH commissioned LeProvost, 
Semeniuk & Chalmer, Environmental Consultants (LSC) [now LeProvost 
Environmental Consultants (LEC)], to undertake an environmental constraints study 
within the project area to assist with planning and engineering studies. It is 
intended that dredge spoil from the Fascine area will be used to enhance land 
capability of portions of Babbage and Whitlock Islands, provided that there are no 
over-riding environmental constraints. The aim of this study is to identify sensitive 
areas on Babbage and Whitlock Islands which may not be suited to dredge spoil 
disposal. 

The scope of work conducted to date on the environmental constraints study is as 
follows: 

collation and review of available reports on the future development of 
- 	 Whitlock and Babbage Islands and the Carnarvon Fascine; 

brief aerial inspection of the mangrove and samphire habitat to the south of 
Carnarvon and review of aerial photography (scale 1:50,000); 

brief (half-day) field appraisal of Whitlock and Babbage Islands and the 
Carnarvon Fascine; and 

a meeting with Mayor and executive of the Town of Carnarvon and officers 
from the Department of Regional Development and the North West 
(DRDNW). 
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2 	PRESENT STATUS OF PROJECT AREA 

2.1 	DEVELOPMENT HISTORY 

The Fascine area and Babbage and Whitlock Islands have been modified in a 
number of ways since the founding of Carnarvon. These include: 

building of the tramway with its raised embankments across the samphire 
flats, and timber trestles across the South Arm and subsidiary channels; 

the construction of the Fascine (protective wall) along the eastern bank of 
the South Arm to prevent erosion of the riverbank and protect the town 
from flooding; 

the recent construction of the levee across the northern end of the South 
Arm which now effectively prevents flooding of the South Arm, the Fascine 
area, Whitlock and Babbage Islands; 

the dredging of the Fascine area to provide fill to develop residential land in 
adjacent low-lying areas, i.e. Brockman; and 

the construction of a new road across Babbage Island to provide access to 
Pelican Point. 

Each of these developments has had an impact on the drainage of the area and 
hence on the vegetation which is sensitive to changes in water level and salinity. 
Consequently the area cannot be considered a pristine wilderness. In addition, the 
geomorphic processes which originally formed the area, and were instrumental in 
its persistence, have been modified by the closure of the South Arm. 

2.2 	FUTURE OF THE PROJECT AREA 

The future of the project area in its present form is constrained by the above-
mentioned previous development and in particular, the closure of the South Arm. 
This development alone will prevent the periodic flooding of the South Arm and 
encourage an earlier-than-natural closure of the South Arm ocean entrance. The 
DMH considers it unlikely that the existing navigable channel between the Fascine 
waterway of the South Arm and the ocean would be maintained due to the strong 
natural physical processes which will promote closure. Such an event, if it occurs, 
will probably cause a seaward migration of the mangroves and tidal samphire 
areas, and an influx of terrestrial vegetation types on drier parts of the flats as 
windblown sand gradually accumulates and soil salinities gradually decrease. 

Hence, it is important to recognise that the project area is not a static and stable 
natural entity, but one that has developed relatively rapidly (in a geological time 
frame), has been modified and is still undergoing change as a result of natural 
processes and modification to some of those processes. 
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3 	EVALUATION OF DEVELOPMENT CONSTRAINTS 

The two major environmental constraints to development of Babbage and Whitlock 
Islands are the present land capability for development and the conservation value 
of portions of both islands. These two constraints are evaluated in the following 
sections. 

3.1 	LAND CAPABILiTY 

The study undertaken by the Department of Agriculture (reported in DOLA, 1988) 
has assessed land capability based on present landlorm (Fig. 2). However, the 
report does acknowledge that land capability could be improved by filling. This 
may need to be accompanied by drainage management to avoid difficulties with 
underlying saline soils. 

The use of dredging river-delta sediment to raise soil levels over similar areas has 
been successful in the Brockman precinct of Carnarvon. This precinct was 
previously known as Secondary Island. 

These is no reason to doubt that the same technique could be successfully applied 
over the substantial part of Whitlock Island and that part of Babbage Island which 
is located adjacent to the South Arm, currently assessed as having Low Capability 
(i.e. Capability Class IV, Fig. 2). 

Although it is technically feasible to similarly raise the capability of the southern 
part of Whitlock Island which is currently designated Very Low Capability, there 
are ecological and social reasons for the retention of this area in its present statà as 
discussed in the following section. 

3.2 	CONSERVATION VALUE 

3.2.1 Department of Land Administration Study Findings 

The DOLA (1988) planning study has incorporated the observations of Keating & 
Trudgen (1987) in describing vegetation significance within the study area. Much 
of the conservation value of Whitlock Island, in particular, is based on the 
perceived significance of its vegetation associations. 

"While not unique or aesthetically spectacular, the broad vegetation 
types of Babbage and Whitlock Islands are biologically interesting 
and not abundant in terms of the extent of the coastline. The tidal 
flats and mangroves are also important areas for birds and probably 
play an important role in the functioning of local marine 
ecosystems." (Keating & Trudgen, 1987) 
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The mangroves in the study area form part of only a few populations between 
Exmouth Gulf and Shark Bay. The generally exposed coastline in this area is not 
suitable for the development of mangrove vegetation, highlighting the importance 
of those locations where it does occur. Although the sole mangrove species is 
Avicennia marina, it is developed here at its southern limit where it still forms 
luxuriant formations, unlike Bunbury where it is isolated and a relict. In the 
Carnarvon area, A. marina develops physiognomic zonation in response to 
gradients of soil, landform and salinity, and this contrasts with the more species 
rich Pilbara deltas. Species differentiation in the Pilbara delta setting is mirrored in 
the Gascoyne delta by physiognomic differentiation. This is an important ecological 
point that warrants adequate conservation of representative tracts of mangrove and 
their associated samphire (V. Semeniuk, pers. comm., 1989). 

With respect to samphires on tidal flats, there are small areas of similar units to the 
north of the study area near North-west Cape, and it becomes more abundant 
further north. There are samphire areas to the south, at Shark Bay, which may have 
some species in common, but these occur in clay pans which are not tidal and 
therefore not directly comparable to the samphire flats in the study area and 
immediate surrounds. Samphire areas are very important as feeding and resting 
places for migratory birds and Australia has international obligations to protect 
these species. 

During the survey a woody samphire shrub (Halosarcia halocnemoides ssp. (X) 
was recorded as dominant or co-dominant in the vegetation of the tidal flats of 
both Babbage and Whitlock Islands, as well as being present in a number of other 
units within the study area. There were no matches for this species in the 
collections of the Western Australian Herbarium and it may represent a new 
subspecies. Another species, Sarcocornia quinqueflora (a halophytic herb), occurs 
along the flow lines of tidal flats and damp saline areas such as the margins of 
lakes. This species is of interest, for although it has a fairly wide distribution the 
populations within the study area are a significant extension to the known 
geographical range (DOLA, 1988). 

The conservation values identified within the DOLA (1988) Planning Study are 
evaluated in Section 3.2.2. 

3.2.2 Evaluation of Identified Conservation Value 

The conservation value of Whitlock and Babbage Islands may be viewed in terms 
of: 

ecological importance - i.e. species diversity, distribution and rarities; 

biological productivity - i.e. the amount of organic material either produced 
or converted to other forms within a given area; 

habitat value - the value of the area as a feeding, breeding or shelter area; 
and 
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social value - i.e. scientific, educational, recreational, aesthetic, etc. 

The significance of Whitlock Island for each of these values is discussed separately 
- 	 in the following sections. 

3.2.2.1 Ecological importance 

The botanical study undertaken by Keating & Trudgen (1987) identified, on the 
basis of their studies of Babbage and Whitlock Islands and reference to available 
!iterature on regional vegetation structures, four items of significance within the 
site. These were: 

the presence of a variant of a known species of the samphire, Halosarcia 
halocnemoides, which it was considered may warrant recognition at sub-
specific level. The distribution of this plant correlates approximately with 
that of the wet samphire association as shown in DOLA (1988). More 
extensive surveys to determine the distribution of this variant have not been 
conducted, nor has its status yet been confirmed; 

the presence within the wet samphire and mangrove zones (DOLA, 1988) of 
the species Sarcocornia quinqueflora, marking an extension to its known 
distribution. Again it is noted that wider regional studies have not been 
undertaken; 

the physiognomic zonation of the single mangrove species (Avicennia 
marina) in this area mirrors species differentiation in the Pilbara, and is in 
contrast with the species-rich Pilbara deltas. The appearance of this area of 
mangrove habitat toward the southern part of its known range is considered 
to warrant its conservation; and 

the distribution of tidal coastal samphire which is also considered to be 
toward the southern part of its range. 

To date there has been little regional investigation undertaken other than a limited 
aerial survey to the south of Carnarvon conducted as part of this study. This survey 
has however shown that coastal mangrove and tidal samphire assemblages extend 
for many kilometres to the south of Carnarvon indicating that the Babbage and 
Whitlock Island populations are less significant than originally thought. 

The regional distributions of the two species highlighted has not yet been 
determined and their status should be protected until this has been done. This could 
be achieved by conserving the areas identified as mangrove and wet samphire as 
shown in DOLA (1988) (Fig. 3) and adopting an appropriate management plan. 

The dry samphire vegetation units, present over much of Whitlock Island, have not 
been identified within the literature as representing areas of ecological importance. 
The species diversity of the dry samphire units is low, however the regional 
distribution and rarity of this vegetation unit has not yet been determined. 
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Considering the widespread distribution of dry samphire in the region, it is unlikely 
that the units present on Whitlock Island are rare or not well represented, elsewhere 
however the status of the dry samphire species will need to be determined to gain 
an informed understanding of their conservation value; 

3.2.2.2 Biological productivity 

Biological productivity is dependent on the availability of both nutrients and water. 

In the saline soils of the Fascine the nutrient pool is small and input from external 
sources is limited to nutrients received in the form of deposited detritus (seagrass 
and algal wrack) and sediment. 

Closure of the South Arm of the Gascoyne River precludes the input of fluviatile 
sediments and nutrients and the flushing of salts from the soil. 

Although groundwater is generally available at shallow depth, its high salinity 
limits its availability to the comparatively few species which are specifically 
adapted to this environment. 

As a consequence, overall biological productivity is low. The more productive 
areas are those which are regularly flushed by seawater, i.e. the mangrove and wet 
samphire areas, while exposed supratidal mudflat areas have the lowest 
productivity. 

Similarly the export of organic mater is also now low, that which does occur being 
linked with tidal flushing of the mangrove and wet samphire areas. Strong winds or 
heavy local rainfall may be responsible for the export of organic matter from the 
dry samphire areas on occasion. 

The areas of highest biological productivity, the mangrove and wet samphire areas, 
are recognised as an important medium for nutrient exchange between terrestrial 
and marine ecosystem, and thus contribute to the overall productivity of the 
region's recreational fishery. However, as the dry samphire areas have low 
biological productivity, nutrient exchange between the wet and dry samphire areas 
is not considered to constitute a significant mechanism in the maintenance of 
mangrove and wet samphire. Therefore, the dry samphire areas are not considered 
to warrant protection in this respect. 

In addition, the closure of the South Arm will result in the areas of slightly raised 
ground, on which the dry samphire dominates, becoming more terrestrial in 
character, leading to invasion by more vigorous plant species perhaps precluding 
the long-term habitation of samphire species in the area (see Section 2.2). The 
long-term stability of a significant area of dry samphire is also presently threatened 
by the invasion of the exotic species Cenchrus ciliaris (buffel grass). 
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3.2.2.3 Habitat value 

In addition to its ecological value and biological productivity, an area may also be 
of value to organisms which make use of it either occasionally, for shelter, or more 
regularly for breeding or feeding. 

The intertidal sand banks and shorelines and mangrove flats provide an area of 
habitat suitable as a temporary resting and feeding area for migratory waders, 
however, its use for this purpose has not been evaluated. 

The waters of the Fascine provide a habitat for breeding or feeding of marine 
fishes and crustacea, however its limited area is such that its value is localised and 
unlikely to have any importance to the regional fishing industry. The shallow 
waters and particularly the mangrove intertidal zone play an important part in 
attracting fish to the area for the recreational fishery and for fish-eating birds such 
as the pelican. 

Due to its physical isolation as a result of being bounded by the town, the river and 
the sea, the area has limited value to migratory terrestrial fauna. 

3.2.2.4 Social value 

As previously discussed, the mangrove and associated wet samphire areas have 
regional ecological significance, and therefore constitute an area of scientific and 
educational value. The area is also suitable for passive recreational activities such 
as walking and nature observation and could be developed to provide a tourist 
attraction. 

In addition to enhancing the aesthetic qualities of the area, the mangrove flats act 
as a buffer against storm surge and flooding. 

In contrast, the dry samphire units are not considered to be an attribute to the area 
in a social sense as they are not attractive for recreation, nor are they considered to 
be of important scientific or edUcational value. 

3.2.3 Conservation Value of Dry Samphire Area 

The conservation value of the dry samphire has not been evaluated within the 
literature. There are no widely-accepted criteria for the evaluation of conservation 
value. The criteria adopted in this study have been taken from Semeniuk (1985). 
As the distribution and rarity of the dry samphire have not yet been established, 
further investigation will be required. However, based on 16 of the 19 criteria for 
which evaluation was possible, detailed in Table 1, the dry samphire unit is not 
considered to constitute an area of conservation value. 

Therefore, although this study is in basic agreement with the conclusions regarding 
the conservation value of the mangrove and wet samphire areas, outlined in Section 
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12,  

3.2, there is doubt as to the basis of the DOLA (1988) recommendation for,  
conservation of the dry samphire areas, which comprise the majority of low, 
capability land present on Whitlock and Babbage Islands, adjacent to the South 
Arm. 
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4 	CONCLUSIONS AND RECOMMENDATIONS 

This study has identified the areas of mangrove and wet samphire on Whitlock and 
Babbage Islands as being environmentally sensitive and as such unsuitable for 
dredge spoil disposal. However, subject to confirmation by a more detailed 
distribution study, the dry samphire vegetation units have not been found to be 
regionally or locally significant for conservation, and it is conëluded that these 
areas would be suitable for the disposal of dredge spoil. 

Therefore, on the basis of these conclusions, this study recommends: 

that a study be undertaken to confirm the distribution of dry samphire; 

that subject to confirmation of the widespread distribution of dry samphire 
in the region, the dry samphire areas of Babbage and Whitlock Islands be 
reclassified as suitable for development for tourist and residential purposes; 

that the mangrove and wet samphire areas be protected; and 

that a management plan be produced to effectively incorporate protection of 
the mangrove and wet samphire areas into the strategy for development of 
the dry samphire areas. 

Existing development in Carnarvon has shown that it is possible for samphire and 
mangrove to persist in close proximity to filled residential areas 
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TABLE 1 

SELECTED CRITERIA FOR ASSESSING CONSERVATION VALUES OF SAMPHIRE AREAS, 
DRY SAMPHIRE HABITAT - WHITLOCK ISLAND (CARNARVON) 

Selection criteria taken from Semeniuk (1985) 

Selection criteria Assessment 

1 Is the ecosystem regionally widespread or is it restricted in distribution? Presently unknown 

2 Is it important as a productive area upon which depend such commercial No 
endeavours such as fisheries. 

3 Is it important to maintain the quality of human or animal and plant life? No 

4 Does it function in shore stabilisation or is it important to the local problems No 
of sedimentation/erosion? 

5 Does it have important ecological or geological features of national or No 
international significance? 

6 Is it important in providing pristine environments or habitats (or system of No 
these units) which are a research resource? 

7 Could it function as an important pristine or semi-pristine or even altered No 
environment for use by primary, secondary or tertiary educationalisis because 
of scientific features and accessibility? 

8 Does it function as a habitat or rare and endangered species? None known 

9 Does it function as an important regional wildlife sanctuary, even if the No 
flora/fauna are not rare or endangered? 

10 Is it important as either a seasonal or temporary habitat or breeding ground of No 
large numbers of migratory or nomadic animals, particularly waterbirds? 

11 Can it function as a semi-pristine to pristine area or wilderness for use by No 
naturalists, bush-walkers, etc? 

12 Does it have importance from the point of view of aesthetics and function as No 
a wilderness? 

13 Does it have importance as an historic or actively utilised Aboriginal heritage No 
site? 

14 Does it have value for active water-based recreation (e.g. fishing)? No 

15 Does it (regaidless of whether it is pristine or degraded) constitute part of a No 
linked natural system, either physical or biological, such that its destruction 
or alternate use would result in disturbance/alteration to adjoining areas? 

16 Does it have social values evidenced by community concern for its No 
conservation, regardless of scientific values? 

17 is it part of a wetland that satisfies criteria for nomination as a wetland of No 
international importance under the RAMSAR convention? 

18 Does it contain a site classified or is it proposed as national estate? No 

19 Does it represent an unusual or poorly conserved community? Presently unknown 
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TABLE 2 

SELECTED CRITERIA FOR ASSESSING CONSERVATION VALUES OF SAMPI-HRE AREAS, 
WET SAMPILIREIMANGROVE HABITAT - WHITLOCK ISLAND (CARNAR VON) 

Selection criteria taken from Semeniuk (1985) 

Selection criteria Assessment 

I Is the ecosystem regionally widespread or is it restricted in distribution? Presently unknown 

2 Is it important as a pmductive area upon which depend such commercial Yes 
endeavours such as fisheries. 

3 Is it important to maintain the quality of human or animal and plant life? Yes 

4 Does it function in shore stabilisation or is it important to the local problems Yes 
of sedimentation/erosion? 

5 Does it have important ecological or geological features of national or No 
international significance? 

6 Is it important in providing pristine environments or habitats (or system of No 
these units) which are a research resource? 

7 Could it function as an important pristine or semi-pristine or even altered No 
environment for use by primary, secondary or tertiary educationalists because 
of scientific features and accessibility? 

8 Does it function as a habitat or rare and endangered species? None known 

9 Does it function as an important regional wildlife sanctuary, even if the Yes 
flora/fauna are not rare or endangered? 

10 Is it important as either a seasonal or temporary habitat or breeding ground of Yes 
large numbers of migratory or nomadic animals, particularly waterbirds? 

11 Can it function as a semi-pristine to pristine area or wilderness for use by No 
naturalists, bush-walkers, etc? 

12 Does it have importance from the point of view of aesthetics and function as Yes 
a wilderness? 

13 Does it have importance as an historic or actively utilised Aboriginal heritage No 
site? 

14 Does it have value for active water-based recreation (e.g. fishing)? No 

15 Does it (regardless of whether it is pristine or degraded) constitute part of a Yes 
linked natural system, either physical or biological, such that its destruction 
or alternate use would result in disturbance/alteration to adjoining areas? 

16 Does it have social values evidenced by community concern for its Yes 
conservation, regardless of scientific values? 

17 is it part of a wetland that satisfies criteria for nomination as a wetland of No 
international importance under the RAMSAR convention? 

18 Does it contain a site classified or is it proposed as national estate? No 

19 Does it represent an unusual or poorly conserved community? Presently unknown 
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CARNARVON INTERTIDAL SURVEY 

1 INTRODUCTION 

The Department of Marine & Harbours, on behalf of the Shire of Carnarvon, has 
undertaken the co-ordination of a proposal to develop land for tourist and 
residential purposes on Babbage and Whitlock Islands at Carnarvon (Fig. 1). As 
part of this proposal, parts of the South Arm channel of the Gascoyne River ('the 
Fascine') will be dredged to provide fill to raise the levels of the adjacent land for 
development purposes and to increase the usefulness of the waterbody for 
recreation. A constraints study previously undertaken by LEC, and included as 
Appendix 1 of the PER, identified the mangrove and wet samphire habitats and 
adjacent shorelines of southern Whitlock and Babbage Islands as valuable habitats 
which should be excluded from development. This recommendation is reflected in 
the plans prepared by DMH's planning consultants (Fig. 2). 

As a result of submissions made in relation to the recent dredging and spoil 
disposal operations associated with the maintenance of Teggs Channel and the boat 
harbour (LEC, 1990; EPA, 1991), the value of the intertidal sands within the 
development area, although comprising only a small part of the total area of that 
habitat within the Gascoyne Delta, has been highlighted because of its possible 
value as feeding and/or roosting areas for migratory waterbirds. To provide 
additional information on which to base an assessment of the impact on waterbirds 
of the proposed development, two further studies have been undertaken: this study, 

4 	 in which the habitats of the area are described and their potential significance to 
waterbirds is discussed; and a study of the waterbird use of the Gascoyne Delta 
area to identify specific areas of significance to waterbirds and to place the Delta 
into a regional context (the latter report is presented as Appendix 3 of the PER). 

2 OBJECTIVES 

The objectives of the intertidal habitat survey were to confirm the distribution of 
intertidal habitats as mapped from aerial photography (Fig. 3), to describe the 
physical characteristics of the habitats and biota of the intertidal areas within the 
Fascine which would be affected by the proposed development, and to compare 
these to other areas with potentially similar characteristics within the Delta area. 
Only those sandy shorelines not exposed to the full force of oceanic swell and 
wave action, such as are found in the Fascine, were surveyed. 

From this survey the potential value for feeding and roosting of the various areas 
of sheltered sandy intertidal habitat has been reviewed. This review is then assessed 
together with the review of the information available on waterbird usage of the 
Delta, to provide a further assessment in the PER of the habitat value of the 
Fascine intertidal sands, their productivity, and use as feeding, roosting and loafing 
areas by shorebirds. 
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3 METHODS 

The survey of the sheltered intertidal zones of the Gascoyne Delta (Fig. 3) was 
undertaken between the 10 and 13 of October 1991. 

Two types of survey were conducted on the spring low tides which occurred during 
this period. The first survey technique comprised a series of transects along which 
were described the physical characteristics of the habitats, i.e. approximate width 
and slope of the intertidal zone, sediment characteristics and hinterland vegetation, 
and the general distribution of the surface biota recorded. This data was also used 
to confirm the distribution of intertidal sands plotted from aerial photography and 
shown in Figures 4 to 6. Numbers of birds present at each location were also 
noted. 

The second technique involved intensive sampling at selected sites to characterise 
and quantify the biota found both on the surface and burrowing within the 
sediment. Sampling methods used during these surveys included: 

collection of sediment (and the animals contained therein) within a fixed 
radius core, to a depth of 100 mm. The sample was then sieved through 
3 mm and 1 mm sieves, and the greater than 1 mm fraction preserved and 
sorted to separate all of the retained animals. The major burrowing animals 
recovered were polychaete worms, soldier crabs and burrowing bivalves; 

coarse sieving of sediments within quadrats to determine numbers of 
burrowing bivalves present within the sediment; 

counts of all animals (predominantly gastropods) on the sediment surface 
within a fixed area quadrat; and 

observations on larger burrowing crabs, i.e. ocypodes, ucas and grapsids. 

- 	 4 	RESULTS AND DISCUSSION 

The transect routes and intensive survey sites are shown in Figures 4 to 6. 

The habitats surveyed were all basically bare sand but the substrates ranged from 
the coarse river sands with a high gravel fraction found in the upper reaches of the 
Fascine and Oyster Creek" and the upper tidal reach of the main channel of the 
Gascoyne River, to medium grained sands which occur on the Babbage Island spit, 
to fme grained sands with a mud silt component, as found fringing the mangroves 
at the mouth of the Fascine and both Oyster Creeks. 

I 
I 	 * 	There are two Oyster Creeks located within the study area. The one which separates Whitlock 

Island from Babbage Island is referred to as Oyster Creek" in this report, while the other, 
located approximately 5 km to the south of Mangrove Point, is referred to as Oyster Creek2: 
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Substrate conditions are determined by a combination of two processes. River flood 
events which scour the finer sediments from the channel beds and deposit their 
sediment load commencing with the larger sized particles at the upper end of the 
tidally affected zone and progressively decreasing towards the lower tidal zone. 
The second process is wave and tidal action which sorts and redistributes finer 
sediments into the tidal zone at the lower end of the tidal range. As a result of the 
closure of the South Arm river, flood no longer affects the Fascine, however, the 
sands in this part of the river are protected from wind wave and tidal action and 
remain coarse. The principal substrates and their distribution within the Gascoyne 
Delta are shown in Table 1, which also lists the characteristic faunal groups 
associated with each location. Table 2 lists the density per 0.1 m2  for the faunal 
groups recorded at each of the sampling sites. This data is summarised in Table 3 
as a mean density per m2  of each of the faunal groups associated with the substrate 
present at the principal sampling sites. 

The surface dwelling fauna, i.e. those animals which remain on the sediment 
surface at all phases of the tide, comprising mainly gastropods, such as Cerithids 
and Terebralia, are mobile and move 'en masse' during each tidal cycle and are 
distributed according to the height of the most recent tide, often forming 
concentrations of hundreds of animals per square metre on small parts of the beach. 
These animals were found to be located according to tidal and wave action rather 
than substrate condition, and thus they were found in large numbers on the very 
coarse sediments in the upper reaches of the Fascine and also on the silty muds of 
the mangrove pneumatophore zone, both of which are largely protected from the 
influences of tide and wave action. 

There is also a mobile surface fauna which feed at the surface but return, usually to 
the same burrow located above the high tide line, between tides. This group 
includes many of the crab species such as the ocypodes (ghost crabs) and ucas 
(fiddler crabs). 

The other major faunal group is the mobile burrowing fauna which comprises 
species which either feed on the sediment surface and form a new burrow on each 
rising tide, e.g. soldier crabs, or remain buried and feed within the sediment, e.g. 
burrowing bivalves and polychaete worms. 

As can be seen from Table 1, the faunal groups were found to be widespread but 
to express varying habitat micro-habitat preferences with respect to sediment grain 
size, tide height, etc. Surface dwelling gastropods were found to be most common 
in upper tidal reaches sheltered from wave and tidal action, while soldier crabs 
were found in sandy beach areas, their distribution being determined by substrate 
conditions rather than the strength of wave or tide activity. 

These variations in faunal abundance are likely to affect feeding activity by birds 
but this will vary from species to species according to food preference. 

None of the intertidal fauna found was unique to the proposed development area 
nor in an abundance within that area that would indicate that it has critical 
importance as a bird feeding habitat. 
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During the survey period, flocks of birds were observed in the area between 
Mangrove and Pickles Points, on the east side of the boat harbour entrance channel 
and at the base of the sand spit adjacent to Pelican Point, with small numbers also 
present on the sand flats to the 'south of Whitlock Island. Sightings in all other 
areas were limited to ones and twos. 

Observations were made at all phases of the tide and over all daylight hours. It is 
noted, however, that these sightings were made outside of the main migratory 
period and over a limited period of time. Notwithstanding, these sightings concur 
with the data on preferred habitats assembled by Bord'(Appendix 3). 

The observed distribution of the birds confums the known behavior of these 
species in that they tend to congregate on the larger and more exposed intertidal 
areas where they can see and readily detect the proximity of predators. As such, 
the preference for the banks at the front of Pickles Point and to the south of the 
Whitlock Island mangroves is clearly a predictable outcome. The presence of large 
numbers of potential prey species, e.g. soldier crabs, polychaete worms and 
burrowing bivalves, in these areas gives them value as feeding as well as resting 
areas. 

By comparison, the intertidal zones within the Fascine are more restricted in area 
and thus, although the density of animals is similar, their overall productivity, is 
limited, and the restricted area and proximity to cover makes them less suitable for 
waterbirds. 

5 	CONCLUSION AND RECOMMENDATION 

The intertidal habitats identified as being of greatest value to waterbirds will be 
protected from the direct effects of development under the proposed development 
plan. However, it is recommended that, to protect the function of the flats to the 
south and west of Whitlock Island as a feeding and roosting area for waterbirds, 
management of access to these areas be put in place at the time of development to 
ensure that the effects of increased population adjacent to these areas do not reduce 
their value to waterbirds. 
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TABLE I 

SUBSTRATE DISTRIBUTION AND CHARACTERISTIC FAUNA OF THE 
SHELTERED INTERTIDAL SAND HABITATS OF THE GASCOYNE DELTA 

SUBSTRATE LOCATIONS CHARACTERISTIC FAUNA 

Coarse flyer gravels Gascoyne River upper tidal reaches. Burrowing bivalves in tidal stream beds. 

Coarse sand and gravel Gaicoyne River mid to upper tidal reaches, Burrowing bivalves, polychaete worms and crustaceans 
Upper reaches of the Fascine and Oyster in channels, 
Creek01. surface dwelling gastropods on low energy banks. 

Coarse sands Gascoyne River mid to lower tidal reaches. Burrowing bivalves, polychaete worms and crustaceans, 
Mid Fascine and Oyster Creek"1, ghost crab burrows in banks above high tide. 
Mid channel shoals. 

Medium to coarse sands (ascoyne river lower tidal reaches. Burrowing bivalves, polychaete worms and crustaceans, 
Lower reaches of the Fascine, surface dwelling gastropods on banks sheltered from 
Fringes of mid tidal shoals and sand bars, wave energy. 

Medium sands Babbage Island spit, Soldier crabs in upper tidal zone, 
Low energy embayments in the middle and burrowing polychaete worms and bivalves in lower 
lower Fascine. tidal zone, 

ghost crab burrows above high tide mark. 

Fine to medium sands Lower reaches of Oyster Creek05 2), Surface dwelling gastropods, 
with silt Fringing sand seaward of the mangroves at burrowing polychaete worms and crustaceans. 

the southern end of Whitlock Island. 
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TABLE 2 

DENSITY (PER 0.1 m2) OF INTERTIDAL FAUNA AT SAMPLING SITES WITHIN 
THE GASCOYNE DELTA 

OCTOBER 1991 

SITE CRABS DECAPOD 
CRUSTACEANS 

GASTROPODS BIVALVES POLYCHAETE 
WORMS 

Fascine and 
Oyster Creek 

Ia 0 I 5 0 2 

lb 0 4 85 12 10 

Ic 0 2 10 1 24 

ld 0 2 68 I 27 

Ic 2 5 251 0 8 

If 0 0 0 3 4 

Ig - 31 - - 

lb - - 32 1 - 

Ii - - 44 - - 

68 - -. 

30 - - 

35 - - 

Im - - 7 - - 

In - - 58 - - 

lo - - 133 I - 

'p - - 34 - - 

Oyster Creek 
(mid)  

2* 0 0 19 0 17 

2b - - 94 - - 

2c - - - <I - 

2d - - - <1 - 

Fascinc. 
(mid)  

5* 30 0 0 1 1 

5b 0 0 0 1 15 

5c 0 0 0 0 31 

5d - - 90 - - 

Se  
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TABLE 2 (cont'd) 

DENSITY (PER 0.1 m2) OF INTERTIDAL FAUNA AT SAMPLING SITES WITHIN 
THE GASCOYNE DELTA 

OCTOBER 1991 

SrrE CRABS DECAPOD 
CRUSTACEANS 

GASThOPODS BIVALVES POLYCHAETE 
WORMS 

Fascine 
(lower)  

3a 25 0 2 0 19 

3b 23 0 0 1 23 

3c 0 0 0 0 43 

3d 0 0 2 0 35 

Fascine - 
mid 

channel 
shoal 

4a 0 0 0 0 29 

4b 2 0 0 1 57 

4c 0 2 0 2 55 

Pelican Point 

7a 18 0 0 0 0 

lb 1 0 0 0 17 

7c 26 0 0 5 4 

Gascoyne 
River 

(upper tidal) 

6d - - - 2 - 

Gascoyne 
River 

(mid tidal) 

6a 0 1 0 0 0 

6b 0 0 0 19 0 

6c 0 1 0 6 59 

Gascoyne 
River 

(lower_tidal)  

6e 2 0 5 1 8 
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TABLE 3 

MEAN DENSITY (PER m2) OF INTERTIDAL FAUNA IN 
SHELTERED INTERTIDAL SAND HABITATS OF THE GASCOYNE DELTA 

OCTOBER 1991 

SITE CRUSTACEANS CRABS GAS1ROPOD BIVALVE POLYCHAETE 
(EXCLUDING MOLLUSCS MOLLUSCS WORMS 

CRABS)  

Fascine and 
Oyster Creek 23 <1 557 24 125 
(upper reaches) 

Oyster Creek 
(mid) 0 0 489 3 170 

Fascine 
(mid) 0 100 225 8 157 

Fascine 
(lower) 0 120 10 3 300 

Fascine - mid 
channel shoal 7 7 0 10 705 

Pelican Point 
0 150 0 17 70 

Gascoyne River - 
(mid tidal) 7 0 0 83 197 
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THE CONSERVATION SIGNIFICANCE OF WATERBIRD USAGE 
OF THE GASCOYNE RIVER DELTA, CARNARVON. 

M.J. & A.R. Bamford, 
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23 Plover Way, Kingsley, 6026. 

INTRODUCTION 

The Gascoyne River Delta is the site of several current 

or proposed developments, including dredging of the harbour 

and the development of residential areas on parts of Babbage 

and Whitlock Islands. An issue that has been raised as to 

the environmental impact of developments around the Delta 

has been the importance of the site for waterbirds. This 

paper summarizes what is known about usage of the Delta by 

waterbirds and places this in a regional context. 

Waterbirds can broadly be divided into waders or 

shorebirds (plovers, sandpipers and allies) and other 

waterbirds such as cormorants, herons, egrets and ducks. 

Waterbjrds utilize wetlands (lakes, swamps, streams, rivers 

and coastal environments) in many different ways, but 

complex, tidal shorelines with broad tidal flats generally 

attract large numbers of a wide range of species. The loss 

of wetland environments has been great and, as a result, the 

conservation of wetlands and waterbirds is an important 

issue. Australia is signatory to the Ramsar Convention, 

which involves the conservation of wetlands of international 

importance (identified by the numbers of waterbirds 

regularly present), and to agreements with Japan and China 

concerning the conservation of bird species present in both 

countries. Most of these species are migratory waterbirds, 

particularly waders. 

The Gascoyne River Delta is known from anecdotal 

records to support numbers of waterbirds. Other sites 

within the region also known to support waterbirds include 

parts of Shark Bay, south of Carnarvon, and Lake McLeod to 

the north. 



WATERBIRDS ON THE GASCOYNE RIVER DELTA 

Opportunistic records of waterbirds on the Gascoyne 

River Delta have been made by Dr T.G.D.Shannon over a number 

of years and systematic counts were made by the Royal 

Australasian Ornithologists Union (RAOU) in September 1987 

(Unpub. data). 

Shannon (pers. comm.) has recorded up to 10,000 

taterbirds in the area, with the main concentration being in 

the mouth of the Fascine between Pickles and Mangrove 

Points. Numbers of this magnitude usually occur in 

November. in February 1992, approximately 4,000 waterbirds 

were present, including 700 Bar-tailed Godwits, over 600 

Grey-tailed Tattlers, about 600 Red-necked Stints, 200 

egrets and over a hundred each of Large Sand Plover and Red 

Knot. Numbers are lowest in winter but include significant 

numbers of over-wintering migratory waders, such as over 200 

Bar-tailed Godwits and 100 Grey-tailed Tattlers. Over-

wintering by migratory waders is important as these are 

often birds too young to breed; breeding occurs in the 

higher latitudes of the northern hemisphere. 

The count of over 600 Grey-tailed Tattlers would rank 

the site fifth in Australia according to data presented by 

Lane (1987) and Shannon (pers. comm) felt that the numbers 

were higher than this. Grey-tailed Tattlers often roost in 

mangroves (Lane 1987) and are thus very difficult to count 

accurately. Given the small area of the site, this count of 

Tattlers may represents the greatest concentration of this 

species recorded in Australia. 

Records of other waterbirds in the Delta area include 

egret and cormorant breeding colonies in waterways north-

east of the Boat Harbour (RAOU unpub. data). Up to 170 

egrets (Little and Great Egrets) in breeding plumage have 

been observed in the Delta area. Foraging activity of 

egrets is concentrated on the western shoreline of Babbage 

island. 

2. 



Results of the RAOU count are presented on Table 1; 32 

species and 2827 individuals were recorded. The record of 

three Intermediate Egrets is considered doubtful by Shannon 

(pers. comm.) on the basis of many years' experience in the 

area. Highest counts were obtained in the Fascine but the 

area around Mile Jetty had a significant number of Eastern 

Curlews. The total of 125 Eastern Curles is significant as 

this migratory species is classed as rare and has an 

estimated world population of under 20,000 (Brouer and 

Garnett 1990). It is subject to the conservation treaties 

that Australia has signed with China and Japan. 

Important sites for waterbirds that have been 

identified by the RAOU and Shannon (pers. comm.) in the 

Gascoyne River Delta are presented on Figure 1. Most 

significant are the tidal flats used for foraging and the 

associated spits used for roosting around Pickles and 

Mangrove Points. Roosting by waders also occurs around the 

Boat Harbour. The north-eastern shorelines of Babbage and 

Whitlock Islands appear to be of little importance for 

waterbirds. The Whitlock and Babbage Island Nature Reserves 

indicated on the map provided to the consultant (Carnarvon 

Proposed Fascine Development Concept A) encompass the 

important foraging and roosting shorelines on these islands, 

including mangrove areas. Grey-tailed Tattlers in 

particular often roost amongst mangroves (Lane 1987) and may 

have particular roosting areas thich, given the 

concentration of this species in the area, need to be 

identified. 

Shannon (pers. comm.) has observed very important areas 

for roosting and foraging by waders about 5 km south of the 

Delta region. 

WATERBIROS IN SHARK BAY AND LAKE MACLEOD 

These two locations are the most important sites for 

waterbirds in the upper west coast; each is much larger than 

the Gascoyne River Delta. They were surveyed in September! 

3. 



October 1987 by the RAOU and in these surveys the Gascoyne 

River Delta was included as the northern limit of Shark Bay 

(Jaensch and Vervest 1990). Table 2 presents a summary of 

the count data gathered by Jaensch and Vervest. 

Lake Macleod supported a large and previously 

unsuspected number of waterbirds. If it supports such 

numbers regularly, it would be one of the few sites in 

Australia to qualify for recognition as a wetland of 

international significance according to the Ramsar 

Convention. The counts of Banded Stilt, Curlew Sandpiper 

and Red Knots are among the highest recorded in Australia in 

comparison with Lane (1987). Counts of the latter two 

species suggest that the site may be an important stopover 

for migrating birds which enter Australia in the Eighty-Mile 

Beach region between Broome and Port Hedland but spend most 

of the summer in south-eastern Australia and New Zealand. 

Lake Macleod lacked Eastern Curlews and Grey-tailed 

Tattlers, which were present in significant numbers at the 

Gascoyne River Delta. Other primarily marine shore species, 

such as the Pacific Gull and Crested Tern, were uncommon. 

= 	 Shark Bay did not support the same numbers of 

waterbirds as Lake Mcleod. For several species, however, 

counts in Shark Bay were close to the highest counts 

recorded in Australia during Australia-wide surveys 

conducted by the RAOU from 1981-1985 (Lane 1987). These 

species included: Grey Plover, I4himbrel, Eastern Curlew and 

Grey-tai led Tattler. 

In addition to the RAOU counts of Shark Bay, some 

waterbird counts have been carried out in the Useless Inlet 

region for Shark Bay Salt Joint Venture (Meagher 1989). 

Waterbird numbers on the salt evaporation ponds of this site 

have ranged from under 6,000 to an estimate of 20,000. The 

range of species is generally similar to that of Shark Bay 

as a whole, but high counts are associated with summer 

influxes of Banded Stilts which have numbered up to 14,500. 

4. 



COMPARISON OF THE GASCOYNE RIVER DELTA WITH OTHER WATERBIRIJ 

SITES OF THE UPPER WEST COAST 

As would be expected, the Gascoyne River Delta 

supported a.generally similar suite of waterbird species to 

those of Lake MacLeod and Shark Bay as a whole. Species 

differences were due to the absence of some marine shore 

species from Lake MacLeod. The Delta supported fewer 

species and many fewer individuals, presumably as a result 

of its small area in relation to the other two sites. 

Within the October Shark Bay count of the RAOU, the 

Carnarvon area (principally the Gascoyne River Delta?) 

supported 5.0 (1,398) of all the waterbirds counted in the 

October survey of the RAOU (Jaensch and Vervest 1990). 

These authors concluded that the Delta and the coast south 

to Long Point were a major area for waders within Shark Bay. 

RAOU count data from September 1987 (unpublished) for 

the Delta region are compared with the RAOU count data from 

October 1987 for Shark Bay as a whole in Table 3. These 

data are only for those species recorded at the Delta and 

suggest that the Delta is significant within Shark Bay for a 

number of species, including: Grey Plover, Eastern Curlew, 

Grey-tailed Tattler, Bar-tailed Godwit, Red-necked Stint, 

Silver Gull, Whiskered Tern, Crested Tern, Lesser Crested 

Tern and egrets (species not determineW. These were all 

species for which approximately 100 individuals or more were 

recorded in Shark Bay and with counts in the Delta of 

approximately 20% or more of the Shark Bay count. For at 

least some of these species, the reason for this importance 

may be that the Delta provides sheltered, high-tide roosts 

for birds which feed widely across Shark Bay during low 

t i des. 



CONCLUS ION 

issess1ng the conservation value to waterbirds of the 

Gascoyne River Delta is hampered by the lack of data from 

regular counts. In terms of numbers of individual 

waterbirds, the site would appear to be of low significance 

in comparison with Lake MacLeod except that it supports 

significant numbers of Eastern Curlews and Grey-tailed 

Tattlers, not 4corded at Lake MacLeod. Within Shark Bay, 

the Delta region may be important for a number of waterbird 

species, including several subject to international 

conservation treaties. The most significant parts of the 

Delta are the shoreline around Mile Jetty and the shoreline 

between Pickles and Mangrove Points, although usage of other 

areas, such as Oyster Creek between Babbage and Whitlock 

Islands, creeks west of the Boat Harbour and mangrove areas 

generally, has not been adequately documented. Tidal and 

mangrove areas south of the Delta. may also be very 

significant for waterbirds. 

Proposed developments along the north-eastern 

shorelines of Babbage and Whitlock Islands should have 

little direct impact upon waterbirds. 	It needs to be 

recognised, however, that tidal environments are very 

dynamic and developments that may affect erosion and 

deposition on tidal flats may also affect waterbirds that 

depend upon these environments. Increasing levels of 

disturbance through the proximity of residential areas to 

sites used by waterbirds also needs to be considered. This 

could be a factor with proposed developments on Whitlock 

Island and the western side of Babbage Island. 
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