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INVITATION 

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

In accordance with the requirements of the Environmental Protection Act 1986, a Public Environmental Review 
(PER) has been prepared which describes the proposal and its likely effects on the environment. The PER is 
available for a public review period of 8 weeks from 161h  October 2000 closing 1 11h  December, 2000. 

Comments from the public and government agencies will assist the EPA to prepare an assessment report in which it 
will make recommendations to the government. 

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 
specifically marked confidential, and may be quoted 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 more environmentally 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; and 
suggest recommendations, safeguards or alternatives. 

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

Remember to include: 

your name; 
your address; 
date; and 
whether you want your submission to be confidential. 

The closing date for submissions is ll"  December 2000. 

Submissions should be addressed to: 

The Chairman 
Environmental Protection Authority 
9th Floor, Westralia Square 
141 St George's Tce 
PERTH WA 6000 
Attention: Mr Richard Morup 

PROTECTION 

October, 2000 
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Executive Summary 

ESI. Introduction 

The construction of the Lancelin to Cervantes Coastal Road will see the 
completion of the final link in the Perth to Dongara coastal route, known as Indian 
Ocean Drive. Indian Ocean Drive will ultimately link Perth's northern suburbs with 
coastal towns and tourist destinations along the coast to Cliff Head, Dongara. The 
Coastal Road will provide an alternative route for tourists away from the high 
speed freight traffic on Brand Highway. The Coastal Road will not be designated 
as a freight route. 

The need for a Coastal Road has been identified in a number of planning 
strategies prepared for the region including the Central Coast Regional Strategy 
(WAPC, 1996), Roads 2020 Regional Road Development Strategy (Main Roads 
WA, 1997), Nambung National Park Management Plan (CALM, 1998a) and the 
Wedge and Grey Draft Master Plan (CALM, 1999). A proposed corridor for the 
Coastal Road was identified in each of these planning documents. 

A detailed route alignment planning study, which evaluated a range of alignment 
options, has now been completed for the Coastal Road (HGM, 2000d) and a 
preferred alignment has been identified. This Public Environmental Review (PER) 
has been prepared for the preferred alignment. 

ES2. The Preferred Alignment 

The proposed Lancelin to Cervantes Coastal road will extend approximately 65.9 
kilometres from Lancelin in the south to its connection with the existing Pinnacles 
road in the north. The road will largely be restricted to an established road reserve 
behind the Lancelin Defence Training Area (LDTA) and a negotiated alignment 
through Nambung National Park, Nilgen Nature Reserve and Wanagarren Nature 
Reserve. 

The proposal also includes an east-west link to Mimegarra Road a distance of 
nearly 14 kilometres. Mimegarra Road then connects to the Brand Highway, a 
further 11 kilometres from the Coastal Road. Spur roads into Wedge (5.2 
kilometres) and Grey (1.2 kilometres) are also included in the proposal. The total 
length of road that has been considered in this PER is 97.3 kilometres. However, 
no road construction will be undertaken along the existing Mimegarra Road (11 
kilometres, will remain as a gravel road) therefore the length of road to be 
constructed will be 86.3 kilometres. The key characteristics of the proposal are 
summarised in Table Si. 

Table SI: 	Key Characteristics of the Proposal 

Element Description 
Length of proposed Lancelin 65.9 km 
- Cervantes road 
Other road network East —West link to Mimegarra Road (14.0 km) 
connections Wedge Spur Road (5.2 km) 

Grey Spur Road (1.2 km) 
Existing Mimegarra Road (11.0 km) 

Average width of road Approximately 25 m 
construction area 
Width of road reserve Coastal Road and Mimegarra Link - 100 metres, 

Wedge and Grey spur roads —40 metres. 
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Construction duration of Staged over one year. 
project  
Standard of Construction The Coastal Road and spur roads to Wedge and 

Grey will be sealed to a design speed of 110 
km/hr. No construction works, beside 
maintenance works, will be undertaken along the 
existing section of the Mimegarra Road. This 
section will therefore remain unsealed. 

Construction materials At the time of completing this document, the 
sources location of borrow pits was not known. 

However, it is proposed that the majority of 
material required will be sourced in close 
proximity to the road reserve or from existing 
borrow pits in the region. 

Approximate area of 200 ha 
vegetation disturbance 

ES3. The Approvals Process 

The proposed Lancelin to Cervantes Coastal Road is subject to the requirements 
of the Environmental Protection Act 1986 and requires formal environmental 
assessment and approval in accordance with Part IV of the Act (Environmental 
Impact Assessment). The Environmental Protection Authority (EPA) has 
determined that the proposal is to be assessed at the level of Public Environmental 
Review (PER), the second highest level of assessment. 

The sites specific factors identified by the EPA requiring consideration in this PER 
include: 

Vegetation: 

System 5 areas of Nambung National Park, Wanagarren Nature Reserve and 
Nilgen Nature Reserve: 

Weeds and diseases including dieback; 

Declared Rare Flora, Priority Flora and other significant flora; 

Stygofauna and troglobitic fauna; 

Specially Protected (Threatened) Fauna; 
Wetlands; 

Coastal landforms and karsts; 

Gaseous emissions; 

Surface water quality - contamination with pollutants in road runoff; 

Groundwater quality - contamination with pollutants in road runoff; 
Noise; 

Visual amenity; 

Wilderness; 

Aboriginal Culture and heritage; 

Risks and hazard of unexploded ordinance in the Lancelin Defence Training 
Area; 

Risk and hazard of military crossing points; 

Risk and hazard of road closure during training exercises; and 

Access to the Lancelin Defence Training Area. 

This PER addresses each of these environmental factors, detailing the potential 
impacts from the road construction and operation and outlines the environmental 
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commitments that have been made by the proponent to ensure impacts on the 
environment are minimal. 

Existing Environment 

The study area traverses four major geomorphological units that are common 
throughout the Swan Coastal Plain. These include the Quindalup Dunes, 
Spearwood Dunes, Bassendean Dunes and the Dandaragan Plateau. These dune 
systems have formed the undulating topography which occurs throughout much of 
the project area. Of particular importance to the Coastal Road alignment is the 
presence of the mobile dunes from the Quindalup Dunes system. The largest 
mobile dune occurs to the south-east of Wedge with a smaller dune located 
immediately east of Wedge. Although the Coastal Road has been aligned to avoid 
these mobile dunes, current movement rates of the dunes indicate that they may 
encroach into the road reserve within 20 to 50 years. 

The study area traverses the conservation areas of Nambung National Park, 
Wanagarren Nature Reserve and Nilgen Nature Reserve, all of which are listed on 
the Register of National Estate. Approximately 311 hectares will be excised from 
these reserves to set aside a 100 metre corridor for the Lancelin to Cervantes 
Coastal Road reserve. The alignment also passes along the eastern border of the 
Lancelin Defence Training Area. 

The majority of the study area is vegetated, containing a variety of foredune, 
coastal heath, shrubland, woodland and low-forest communities. The recent flora 
surveys undertaken for the project identified 27 vegetation types within the road 
corridor. A total of 414 taxa of vascular flora have been recorded within the study 
area. This includes 66 introduced flora species, one Declared Rare Flora species 
and 15 Priority listed flora. 

Diseases such as dieback and Armillaria are known to occur in isolated areas 
within the Lancelin - Cervantes region and could be further spread by the road 
construction if not carefully managed. 

The habitats provided by the vegetation of the study area support a variety of 
fauna species with seven native mammal species, seven introduced mammal 
species, 97 bird species, one frog and 33 reptiles being recorded from the study 
area during recent field surveys. Two scheduled fauna species, the Short Billed 
Cockatoo and Carpet Python, have been recorded from the study area and several 
others are considered likely to occur. 

The study area does not contain any Aboriginal or ethnographic sites of 
significance. 

The large areas of remnant vegetation, rugged limestone outcrops and rolling 
dunes and swales through which only 4WD vehicles can gain access, provides the 
project area with a sense of wilderness. During the planning study (HGM, 2000d), 
the road alignment was modified in a number of ways to minimise the impacts on 
this sense of wilderness and other aesthetic values while maximising the 
opportunity for ocean views. 

Potential Impacts and Management 

The proposed Coastal Road has the potential to impact on the exiting 
environmental features of the project area. Hovever, by implementing appropriate 
management and design measures, the impacts can be effectively managed. A 
summary of the potential environmental impacts and management measures 
proposed for the project is provided in Table S2. 
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Table S2. 	Summary of Potential Impacts and Management Measures. 

Environmental Factor EPA Objectives Existing Environment Potential Impacts Management Measures Predicted 
Outcome 

Blophysical  
Terrestrial Flora The EPA's objectives for this proposal Detailed flora and vegetation surveys The key potential impacts to terrestrial The following environmental management EPA 
including: in respect of the factor of terrestrial undertaken for the project provided the flora, vegetation and the conservation commitments are made: Objectives 

flora are to: following description of the existing estates resulting from the proposed can be 
Vegetation: environment: Lancelin to Cervantes Coastal Road A landscape management plan will be met. 

Maintain the abundance, species include: prepared for the works which will make 
System 5 - diversity, geographic distribution 27 vegetation communities provision for topsoil management and 
Nambung National and productivity of vegetation, identified within the study area Fragmentation and severance of revegetation utilising locally occurring 
Park, Wanagarren conservation reserves. species. 
Nature Reserve, Ensure that the conservation 414 taxa of vascular flora 
Nilgen Nature values and management of the recorded from the study area; Clearing of native vegetation. A targeted threatened flora survey will be 
Reserve: national park and nature reserves carried out for the preferred alignment near 

are not compromised. 66 weed species recorded: Loss or disturbance of significant Lancelin, Mimegarra Road east-west link 
Weeds and flora species populations, and the borrow pits during spring. 
diseases including Ensure that regionally significant . 	one Declared Rare Flora and 15 
Dieback; and flora and vegetation in the Priority listed species recorded Introduction or spread of weeds. When the location of the borrow pits has 

reserves are adequately within or close to the road been identified, an assessment of their 
Declared Rare protected. corridor: Introduction or spread of soil borne potential environmental impacts will be 
Flora, Priority flora diseases. undertaken and the findings documented in 
and other Ensure that regionally significant diseases such as dieback and the EMP. 
significant flora, flora and vegetation are Armillaria are known to occur . 	Location of borrow pits. 

adequately protected from the within the region and may occur Main Roads will continue consultation with 
spread of weeds and diseases within the road corridor: Increased risk of fires. CALM regarding visitor access 
including dieback. management, treatment of interfaces of the 

The alignment traverses the Potential changes to visual road and conservation reserves, and 
Protect Declared Rare and conservation areas of Nambung amenity, ongoing management of the road reserve 
Priority Flora, consistent with the National Park, Wanagarren where it passes through the conservation 
provisions of the Wildlife Nature Reserve and Nilgen Disturbance from Increased visitor estate. 
Conservation Act 1950 and the Nature Reserve and the Lancelin access. 
Commonwealth Endangered Defence Training Area (LDTA). An Environmental Management Plan (EMP) 
Species Act. Dust generation. will be prepared and implemented to the 

satisfaction of the DEP on advice from 
Protect other flora of Waste management. CALM. The EMP will address issues of 
conservation significance, vegetation clearing controls, fire 

Positive impacts such as management, dust suppression, waste 
rehabilitation and controlled vehicle management, rehabilitation, coastal access 
access and erosion controls, visual amenity, 

cultural heritage, fauna management and 
weed_  and _dieback _hygiene.  
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Table S2, 	Summary of Potential Impacts and Management Measures. 

Environmental Factor EPA Objectives Existing Environment Potential Impacts Management Measures Predicted 
Outcome 

Blophysical  
Terrestrial Flora The EPA's objectives for this proposal Detailed flora and vegetation surveys The key potential impacts to terrestrial The following environmental management EPA 
including: in respect of the factor of terrestrial undertaken for the project provided the flora, vegetation and the conservation commitments are made: Objectives 

flora are to: following description of the existing estates resulting from the proposed can be 
Vegetation; environment: Lancelin to Cervantes Coastal Road A landscape management plan will be met. 

Maintain the abundance, species include: prepared for the works which will make 
System 5 - diversity, geographic distribution 27 vegetation communities provision for topsoil management and 
Nambung National and productivity of vegetation, identified within the study area Fragmentation and severance of revegetation uliiising locally occurring 
Park, Wanagarren conservation reserves, species. 
Nature Reserve, Ensure that the conservation 414 taxa of vascular flora 
Nilgen Nature values and management of the recorded from the study area; Clearing of native vegetation. A targeted threatened flora survey will be 
Reserve; national park and nature reserves carried out for the preferred alignment near 

are not compromised. 66 weed species recorded; Loss or disturbance of significant Lancelin, Mimegarra Road east-west link 
Weeds and flora species populations. and the borrow pits during spring. 
diseases including Ensure that regionally significant one Declared Rare Flora and 15 
Dieback; and flora and vegetation in the Priority listed species recorded Introduction or spread of weeds. When the location of the borrow pits has 

reserves are adequately within or close to the road been identified, an assessment of their 
Declared Rare protected. corridor; introduction or spread of soil borne potential environmental impacts will be 
Flora, Priority flora diseases. undertaken and the findings documented in 
and other Ensure that regionally significant diseases such as dieback and the EMP. 
significant flora, flora and vegetation are Armillaria are known to occur Location of borrow pits. 

adequately protected from the within the region and may occur Main Roads will continue consultation with 
spread of weeds and diseases within the road corridor; Increased risk of fires. CALM regarding visitor access 
including dieback. management, treatment of interfaces of the 

The alignment traverses the Potential changes to visual road and conservation reserves, and 
Protect Declared Rare and conservation areas of Nambung amenity. ongoing management of the road reserve 
Priority Flora, consistent with the National Park, Wanagarren where it passes through the conservation 
provisions of the Wildlife Nature Reserve and Nilgen Disturbance from increased visitor estate. 
Consoivat ion Act 1950 and the Nature Reserve and the Lancelin access. 
Commonwealth Endangered Defence Training Area (LDTA). An Environmental Management Plan (EMP) 
Species Act. Dust generation, will be prepared and implemented to the 

satisfaction of the DEP on advice from 
Protect other flora of Waste management. CALM. The EMP will address issues of 
conservation significance. vegetation clearing controls, fire 

Positive impacts such as management, dust suppression, waste 
rehabilitation and controlled vehicle management, rehabilitation, coastal access 
access and erosion controls, visual amenity, 

cultural heritage, fauna management and 
weed and dieback hygiene.  
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Environmental Factor EPA Objectives Existing Environment Potential Impacts Management Measures Predicted 
Outcome 

Terrestrial Fauna The EPAs objeclives for this proposal The fauna surveys undertaken for the Potential impacts on terrestrial fauna are Management measures which will be adopted to EPA 
including: in relation to the factor of terrestrial project resulted in the following likely to Include: minimise impacts on fauna include: objectives 

fauna are to: species being recorded: can be 
Stygofauna and fauna loss due to Habitat Removal Habitat fragmentation has been minimised met. 
troglobitic fauna Protect Specially Protected 7 native mammal species and Fragmentation as far as practicable through the alignment 

(Threatened) Fauna and Priority 7 introduced mammal species; planning study 
Specially Protected Fauna species and their habitats, 97 bird species; increased road kills 
(Threatened) consistent with the provisions of 33 reptiles; Habitat loss may in part be offset by the 
Fauna the Wildlife Conservation Act 1 frog. removal of habitat suitable for reclamation and eventual rehabilitation of 

1950 and the Commonwealth threatened species the existing network of unmanaged off-road 
Endangered Species Act. 2 Threatened fauna species, vehicle tracks which occur throughout the 

Short Billed Cockatoo and Carpet creating a barrier to fauna area. 
Protect other significant fauna. Python have been recorded movement 

within the study area. . 	Vegetation clearing controls to be applied - 
Protect stygofauna and troglobitic Indirect impacts on cave fauna as part of the EMP for the works will also 	\ 
fauna consistent with the Two fauna species of interest through changes In hydrology serve to minimise impacts on fauna habitat. 
provisions of the Wildlife Sminthopsis sp. and Neelaps 
Conservation Act 1950. calonotus have also been Habitat suitable for threatened fauna has 

recorded from the study area, been avoided as far as practicable. 
Maintain the abundance, diversity 
and geographic distribution of Only one species of stygofauna Signs advising road users that they are 
stygofauna and troglobitic fauna, was recorded from the study travelling through a National Park or 

area- an unidentified worm. Conservation Reserves may help to 
Increase driver awareness and thereby 

No troglobitic fauna Is expected. reduce the number of road kills. 

Consider reduced speeds along the link 
roads into the Wedge and Grey settlements 

T:\1h005571  .81\doc\rep141hdraflPER.doc 	October 2000 	 Halpern Glick Mau nsell 



Environmental Factor EPA Objectives Existing Environment Potential Impacts Management Measures Predicted 
Outcome 

Wetlands and Water The EPAs objectives for this proposal No wetlands occur within the study Potential impacts on wetlands and water The management measures that will be adopted EPA 
in relation to wetlands and water area however alignment does pass quality may include: to minimise impacts on wetlands and objectives 
quality are to ensure that: close to two sumplands which form groundwater quality include: can be 

part of the Namming suite of wetlands. Alteration to existing hydrological met 
the integrity, functions and processes Develop a detailed Drainage Management 
environmental values of wetlands Mimegarra Road crosses Cataby Plan 
are maintained. Creek. Degradation of wetland vegetation 

and impacts on wetland fauna install temporary sand-bagging or divert 
the beneficial users of surface Large shallow groundwater resources drainage to settlement areas prior to 
water can be maintained, are present in the superficial sands Siltation risks during construction discharge to the environment to minimise 
consistent with the draft WA and limestone between Gingin and potential siltation risks during construction. 
Guidelines for Fresh and Marine Cervantes. Risk of spills and reduction of water 
Waters (EPA, 1993). quality 

the beneficial users of 
groundwater can be maintained, 
consistent with the draft WA 
Guidelines for Fresh and Marine 
Waters_(EPA,_1993).  

Coastal Landforms and The EPA's objective for the factors of Alignment traverses four main Potential impacts may include: The management measures to minimise impacts EPA 
Karsts coastal landforms and karst are to Iandform units. These are: on coastal landforms will include: objectives 

maintain: Mobile sand dunes may encroach can be 
Quindalup Dunes; onto the road in the medium to long Consider findings of geotechnical drilling met. 

the integrity, function and Spearwood Dunes; term (20-50 years). works in the context of karst formations 
environmental values of coastal Bassendeari Dunes; and along the alignment during detailed design; 
landforms Dandaragan Plateau. Karstic formations may be indirectly 

affected through road construction. Design criteria for interfaces of road batter 
the environmental, scientific, Topography of study area is slopes and retaining walls with Quindalup 
cultural and recreational values of undulating due primarily to the dunes. dunes to ensure that stability and 
karst landforms. integration with the landform are achieved; 

Several mobile sand sheets are 
present close to the alignment. Liaise with CALM regarding appropriate 

management action to address wind driven 
Karst formations may be present erosion or mobile sandsheet progression 
within the alignment immediately to when required (in 20 to 50 years). 
the north of Grey.  
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Environmental Factor EPA Objectives ExIsting Environment Potential Impacts Management Measures Predicted 
Outcome 

Pollution Management  
Air pollution The EPA's objectives in relation to the The proposed road will pass through It is unlikely that the gaseous emissions No specific management measures for air EPA 

factor of Air and Gases are to ensure: an area which has no significant from vehicles using the road will pollution are recommended, objectives 
issues in relation to air quality or adversely affect the environment or can be 

That gaseous emissions do not greenhouse emissions. health, welfare and amenity of nearby met. 
adversely affect the environment land users. 
or health, welfare and amenity of The coastal environment between 
nearby land users by meeting Lancelin and Cervantes is routinely The traffic projections for the Coastal 
statutory requirements and subject to strong prevailing south- Road are well below the threshold at 
acceptable standards. westerly winds from its ocean which consideration of traffic emission 

exposure and there are no significant contribution to the airshed is required. 
Consistency with the Ambient Air industry or infrastructure contributors 
Qualify NEPM 1998 so that to the local airshed. 
gaseous emissions, both 
individually and cumulatively, 
meet appropriate criteria and do 
not cause environmental or 
human health problems; and 
discharge of gaseous emissions 
is_minimised.  

Noise The EPA's objective in relation to the The proposed road will pass through Potential traffic noise impacts associated To further minimise impacts of noise, the EPA 
factor of noise is to: an area which has no significant with the proposal are primarily of following management measures will be objectives 

issues in relation to noise. concern at the southern end of the implemented: can be 
Protect the amenity of residents alignment where it passes close to the met 
from noise impacts resulting from rural residential developments of Ocean Near Ocean Farms Estate consideration 
activities associated with the Farms Estate and Seaview Park. will be given during the detailed design 
proposal by ensuring that noise stage to incorporate all practicable 
levels meet statutory Based on the high growth scenario measures to reduce traffic noise. 
requirements and acceptable traffic volume projections, the L 	(18 
standards. hour) for 2021 at the nearest sesitive works will be limited to set hours consistent 

receiver at Ocean Farms and Seaview with the requirements of the Shires of 

Park would be 50.2 and 54.5 dB(A) Girigin and Dandaragan; 

respectively. This is well below the Main 
Roads WA criteria for traffic noise for the road works will be managed In accordance 

L (18 hour) of 63dB(A). with the requirements of the Environmental 
10  Protection Noise Regulations 1997. 

Traffic noise impacts are therefore A Noise Management Plan for the 
expected to be mmimal. construction and operation of the road will 

be prepared and implemented. 
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Environmental Factor EPA Objectives Existing Environment Potential Impacts Management Measures PredIcted 
Outcome 

Social Surroundings  
Aesthetics The EPAs objectives for the factors of The study area is relatively Road construction may negatively The road alignment has been modified during EPA 

visual amenity and wilderness are to: undisturbed with little development impact the landscape and amenity value the planning study to maximise the opportunity objectives 
encroaching on the remnant of the wilderness environment in which it for ocean views white minimising the potential can be 

Ensure that visual amenity of the vegetation. Numerous sandy tracks is set. impacts on the areas sense of wilderness, met. 
area is not significantly affected throughout the areas offer access to 
by implementation of the 4WD vehicles only. 	As a result, the The road alignment near Ocean Farms Estate 
proposal; and study area has a sense of wilderness, has been located to minimise visual impacts 

from the Estate. 
Maintain and enhance the area's 
sense of wilderness. Potential impacts will be further reduced through 

rehabilitation along the road verge where 
required.  

Culture and Heritage The EPA's objectives for the factor of No Aboriginal or ethnographic sites As there are no sites of ethnographic or Management measures include the following: EPA 
culture and heritage are to ensure occur within the study area, archaeological significance within the objective 
that: area proposed for the development, The proponent will take adequate can be 

there will be no impacts on any known measures to inform any project personnel met. 
changes to the biophysical and sites protected under the Aboriginal that human interference to Aboriginal sites 
physical environment resulting Heritage Act 1972. is an offence, unless authorised under the 
from the proposal do not Act, as outlined in Section 17 of the WA 
adversely affect cultural Aboriginal Heritage Act, 1972. 
associations with the area. 

lithe north-eastern perimeter of the reserve 
the proposal complies with the at Wedge is developed where mobile sands 
requirements of the Aboriginal have exposed limestone platforms and 
Heritage Act 1972. calcrete ridges, it is recommended that 

extra care be taken because of the high 
potential for archaeological sites to occur 
within _this_formation,  
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Environmental Factor EPA Objectives Existing Environment Potential impacts Management Measures Predicted 
Outcome 

Public Health and The EPA's objectives in respect of this Alignment passes through the Lancelin Unexploded ordinances (UXO's) may be To minimise risks to public health and safety, the EPA 
Safety issue of public risk and safety are to Defence Training Area which is present within road alignment which following measures will be adopted: objectives 

ensure that: actively used by the Department of pose as a safety hazard during can be 
Defence, construction; a UXO survey and remediation plan will be met. 

public risk is as low as undertaken and any hazardous items found 
reasonably achievable, complies Potential for conflict between road users will be appropriately disposed. 
with acceptable standards and is and military training exercises, including 
managed to meet the EPA's stow vehicle crossing points. Appropriate design of access points to the 
criteria for individual fatality risk LDTA will be prepared to provide 
off-site. Potential to increase access into LDTA acceptable sight distances for the coastal 

land. road. Appropriate signs along the road 
the Lancelin Defence Training may also be required. 
Area is clearly designated and 
managed to ensure that public Appropriate traffic management measures 
risk is low as reasonably will be adopted during the military exercises 
achievable, to cater for road closure. 

Appropriate design measures will be 
prepared to discourage motorists stopping 
within the road reserve in the vicinity of the 
LDTA. Parking bays and rest areas will be 
established outside of the LDTA. 

Where required, the LDTA boundary will be 
fenced and adequately signed to 
discourageaccessintotheLDTA. 
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ES6. Environmental Commitments 

The proponent has made a number of environmental commitments which will be 
implemented at various stages of the proposed road development. These 
commitments are listed below. 

Prepare and implement an Environmental Management Plan 

Undertake a targeted threatened flora survey during spring 

Carry out site specific biological assessment of borrow pits and spoil 
disposal areas. 

Continue liaison with local authorities and CALM 

Prepare and implement a Landscape Management Plan 

Prepare and implement a Drainage Management Plan (DMP) 

Prepare and implement a Public Safety Management Plan 

Carry out a UXO search and remediation exercise consistent with 
Department of Defence requirements 

Prepare and implement a Noise Management Plan 

Undertake a geotechnical drilling program. 

Develop an induction program. 
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1.0 	Introduction and Project Background 

1.1 	Project Background 

The construction of the Lancelin to Cervantes Coastal Road will see the final link 
completed in the Perth to Dongara coastal route, which will be known as Indian 
Ocean Drive (see Figure 1.1). This new road will ultimately link Perth's northern 
suburbs with coastal towns and tourist destinations north along the coast to Cliff 
Head, Dongara. The Coastal Road will provide an alternative route for tourists 
away from the high speed freight traffic on Brand Highway. The Coastal Road will 
not be designated as a freight route. The proposed Coastal Road will link the 
towns of Lancelin and Cervantes, provide spur roads into the Wedge and Grey 
settlement areas and provide an east-west link to Brand Highway via Mimegarra 
Road. 

The Central Coast Regional Strategy (1996) prepared by the WA Planning 
Commission (WAPC), originally identified the need to construct the new coastal 
road and its relative priority. This planning strategy was prepared in consultation 
with the community, local authorities, government agencies and interest groups. 
Subsequent to this study, the Department of Conservation and Land Management 
(CALM) released the Nambung National Park Management Plan (1998 - 2008). 
This management document also refers to and acknowledges the construction of a 
new coastal road traversing the Nambung National Park and nearby Reserves. 
The Main Roads WA "Roads 2020 Regional Road Development Strategy" (1997) 
identified the construction of this Coastal Road as a Priority A project. 

Since the time of these key studies, there have been regular representations to 
government from members of the public, the local authorities and potential 
developers seeking construction of the coastal road from Lancelin to Cervantes. 
Detailed route alignment planning and evaluation has now been carried out for the 
Lancelin to Cervantes Coastal Road. The planning study which included the 
establishment of a Coast Road Working Group with representatives from key 
stakeholders including government and the community. 

The Environmental Protection Authority (EPA) has determined that the proposal 
requires formal assessment under Section 38 of the Environmental Protection Act 
1986 at the level of a Public Environmental Review (PER). This PER has been 
prepared in accordance with guidelines issued by the EPA and is available for an 
eight week public comment period. A copy of the guidelines is provided in 
Appendix A. 

1.2 	Project Justification 

The Lancelin to Cervantes Coastal Road, and Indian Ocean Drive in general, are 
important to the state of Western Australia for a variety of reasons, including the 
provision of improved access between coastal communities and the economic 
development of the Central Coast region. This new coastal road link will assist the 
ongoing development of tourism in the region, will support the projected population 
growth and development, and provide improved access and servicing to the 
existing fishing industry. Other benefits of the coastal road link include: 

improvement of social wellbeing and the better utilisation of facilities and 
infrastructure in the towns; 

improvement of access to medical and educational facilities for the coastal 
communities; 
stimulation of local industry by providing direct access between centres with 
different commercial and administrative functions; 
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reduction in distance and travel time for commuters, tourists and the light 
commercial traffic between coastal communities, instead of having to travel via 
the Brand Highway; 

provision of an alternative route for the tourists away from the high speed 
heavy freight traffic on the Brand Highway; and 
provision for the controlled management of development and access which will 
limit impacts on the fragile environment of this area. 

Completion of Indian Ocean Drive in staged sections is already providing the local 
communities, the fishing industry and tourists with the benefits of shorter distances 
between the towns of Cervantes, Jurien, Green Head and Cliff Head. These 
benefits will be fully realised when the coastal road is completed south to Lancelin. 

	

1.3 	Project Timing 

The commencement of works for the Lancelin to Cervantes Coastal Road is 
currently scheduled for August 2001. Construction is planned to commence as 
soon as possible after obtaining all necessary approvals, including formal 
environmental clearances, and following completion of the land acquisition 
process. Given formal timeframes, the PER process is likely to take a minimum of 
4 months from the public comment period for this document. Construction will 
occur in a staged fashion over a one year period with the whole road opened for 
use by August 2002. 

	

1.4 	The Proponent 

The proponent for the proposed Lancelin to Cervantes Coast Road is Main Roads 
Western Australia (Main Roads WA). The proponent's contact details for the 
purposes of this proposal are: 

Project Manager 
Lancelin to Cervantes Coast Rd 
Main Roads WA 
Wheatbelt North Region 
Peel Terrace 
Northam WA 6401 
Telephone: (08) 9622 4777 
Facsimile: (08) 9622 3940 

Note that submissions on this PER should nt be forwarded directly to the 
proponent but should be directed to the EPA as per the invitation at the front of this 
document. 

	

1.5 	The Approvals Process 

This proposal is subject to the requirements of the Environmental Protection Act 
1986 and requires formal environmental assessment and approval in accordance 
with Part IV of the Act (Environmental Impact Assessment). The EPA has 
determined that the proposal is to be assessed at the level of a PER, the second 
highest level of assessment. 

This document will be released for a public review period of eight weeks. During 
this time, government agencies, private organisations and members of the 
community are invited to make submissions to the EPA on the proposal. The EPA 
will evaluate the PER document, the submissions received, and the proponent's 
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response to those submissions and provide recommendations to the Minister for 
the Environment on the environmental acceptability of the proposal. The 
proponent and members of the public may then appeal the content of the EPA 
Report and Recommendations. After consideration of the EPA advice and any 
appeals received, the Minister may then approve the project subject to a range of 
Ministerial Conditions. Only after this Ministerial approval has been issued may 
other authorities issue approvals enabling the project to proceed. 
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2.0 	Regional Planning Context 

2.1 	Regional Plans 

A number of regional plans and strategies have been prepared over the past five 
years which outline a framework for future development within the central coast 
region. The location of the proposed Coastal Road has been identified in each of 
these documents. An outline of the relevant plans and their reference to the 
development of the proposed Lancelin to Cervantes Coastal Road is provided 
below. 

2.1.1 Central Coast Regional Strategy 

The Central Coast Regional Strategy (WAPC, 1996) outlines a framework for 
development within the Central Coast Region including a proposed road network. 
Six principals were adhered to in the development of this framework: 

Ecologically sustainable development; 

Regional identity; 

Managing natural resources; 

Facilitating the development of community facilities and social services; 

Fostering economic development and promoting diversification; and 

Co-ordinating and integrating regional planning and development. 

The Planning Co-ordinating Committee for the strategy included representatives 
from the Shire of Dandaragan, Shire of Gingin, Wheatbelt Development 
Commission, Department of Conservation and Land Management, University of 
Western Australia, Ministry for Planning and the Office of the Deputy Premier. 

Community consultation was undertaken throughout the life of the planning 
programme and the strategy was released for public comment for a two month 
period following release of the draft in June 1994. 

The Central Coast Regional Strategy clearly identifies the need for the Coastal 
Road and a proposed corridor for the section between Lancelin and Cervantes was 
provided. The location of the alignment was generally accepted by the planning 
Co-ordinating Commission with the exception of the section between Lancelin and 
Wedge, due to the presence of the Lancelin Defence Training Area (LDTA). 

The LDTA was identified as the major impediment to finalising an alignment for the 
Lancelin to Wedge section of the Coastal Road as it prevented a direct coastal 
route. The Strategy identified a preferred alignment that passed through the centre 
of the LDTA. Continued use of the LDTA by the Department of Defence has meant 
that the preferred coastal option for this section of the Coastal Road is not viable. 
In view of this, the proposed alignment presented in this document generally 
follows an alignment for a proposed secondary road that was similarly identified by 
the Strategy in the Proposed Road Hierarchy (WAPC, 1996). The proposed road 
hierarchy as depicted in the Central Coast Regional Strategy is shown in 
Figure 2.1. 

The Strategy recognises that the construction of the road will affect the 
conservation values and relative isolation of areas of significant conservation 
value. However, it goes on to state that given the considerable social and 
economic benefits of constructing the Coastal Road it is 'considered the benefits of 
the road outweigh the disadvantages'. 
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A number of recommendations regarding the location and characteristics (design 
and quality) of the proposed road are made. These include: 

Minimise impact on the natural environment and provide planned access to 
this environment for conservation, recreation and other uses. 

Prevent unmanaged intensive use of the coast and discourage pressure for ad 
hoc settlement and development. 

Encourage inter-regional traffic, with an interest in the scenic characteristics of 
the region or the facilities of the coastal towns rather than heavy haulage 
traffic. 
Encourage intra-regional and local traffic including tourists travelling between 
towns. 

Maxim ise opportunity for management of the conservation estates. 

2.1.2 Roads 2020 Regional Road Development Strategy 

The construction of the Lancelin to Cervantes, and the Cervantes to Jurien 
sections of Indian Ocean Drive is included within the Main Roads WA Roads 2020 
document (1997) as a Priority A project. The function of the road was identified as 
being: 

To cater for commercial and social interaction between coastal 
communities; 
Provide an alternative route for tourists away from high speed freight traffic 
on Brand Highway; 
Development of a route which would avoid having to travel between 
coastal communities via Brand Highway; 
Part of a long term concept for a complete coastal road between Lancelin 
and Dongara; and 
Provides more direct access for the rock lobster and fishing industries. 

2.1.3 Nambung National Park Management Plan 1998 -2008 

The location of the alignment for a coastal road between Lancelin and Cervantes is 
also recognised in the Nambung National Park Management Plan 1998 - 2008 
(CALM, 1998a). As with the Central Coast Regional Strategy, the development of 
this Management Plan involved a programme of community participation and 
included seeking public submissions on the Draft Management Plan. 

The final Management Plan effectively re-iterates the recommendations made in 
the Central Coast Regional Strategy regarding the location and characteristics 
(design and quality) of the proposed road. 

2.1.4 Wedge and Grey Draft Master Plan 

The Wedge and Grey Draft Master Plan (CALM, 1999) provides a planning 
framework for future development in the locality of the Wedge and Grey 
settlements. The Master Plan recognises the development of the coastal road as a 
major factor in this planning. Spur roads into Wedge and Grey will be constructed 
off the proposed Coastal Road. 

A proposed alignment for the Coastal Road is provided in the Draft Master Plan. 
The document also identifies the potential for resources required during the 
construction of the proposed Lancelin to Cervantes Coastal Road to be utilised as 
part of the developments of Grey and Wedge. An example is the location of water 
bore holes. The location of the water bores will be planned in consultation with 
CALM with a view to extending their operational life to provide a potable water 
supply for Grey and/or Wedge where possible. 
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2.2 	Land Use 

A variety of land use zonings apply to the area through which the proposed road 
passes, with Conservation Reserves (see Section 2.3), other Crown Reserves and 
Vacant Crown Land comprising the majority of the surrounding land use. Large 
areas of rural land, cleared of native vegetation occur to the east of the proposed 
road alignment and small pockets of residential or proposed future residential exist 
at the southern end of the alignment. Land use in the locality of the project area is 
shown in Figure 2.2. 

Other land uses in the vicinity of the alignment include: 

Lancelin Defence Training Area (LDTA). This comprises three areas: the 
Royal Australian Navy (RAN) Impact Area, the RAN Gunfire Support Range 
and the Army Training Area. The proposed alignment passes along the 
boundary between the two latter areas. The LDTA, north of Lancelin is the 
only location in Western Australia used for heavy training including artillery, 
mortars and armoured vehicles. As a result, the potential exists for 
Unexploded Ordnance (UXO) to be present along the area proposed for the 
Lancelin to Cervantes Coastal Road. In addition, military exercises are 
regularly conducted at this site and this will continue for the foreseeable future. 

The area is extensively used for recreational driving of off-road vehicles. 
While this is concentrated on dunes north of Lancelin, large numbers of 
vehicles including 4WD tour buses continue up the coast towards the 
Pinnacles and Cervantes. 

Apiarists also use the area, with hives concentrated in the eastern section of 
the study area. 

. 	Several mining tenements exist over land near Lancelin and Wedge. 

2.3 	National Park and Conservation Reserves 

2.3.1 Reserve Description 

The proposed alignment for the Lancelin to Cervantes Coastal Road passes 
through the Nambung National Park, Wanagarren Nature Reserve and the Nilgen 
Nature Reserve. The existing Mimegarra Road alignment passes adjacent to the 
boundary of a fourth nature reserve known as Reserve No. 27993. The 
boundaries of these reserves are shown on Figures 2.3, 2.4 and 2.5 and a 
description of their status is provided below. The total area of land contained 
within these conservation reserves is 34,959 hectares. 

Nambung National Park 

Nambung National Park (Reserve No. 24522) covers an area of 18,362 ha and its 
location is shown in Figure 2.3. It is vested as an 'A' class reserve for the purpose 
of 'National Park and Water'. The Park boundary extends west to the low water 
mark (CALM 1 998a). 
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. Wanagarren Nature Reserve 

Wanagarren Nature Reserve (Reserve No. 31675) is currently vested as a 'C' 
class reserve for the purpose of 'Conservation of flora and fauna'. The Reserve is 
11,069 ha in size and lies immediately south of Nambung National Park. It is 
currently proposed that this Reserve be incorporated into Nambung National Park, 
thereby upgrading its security of tenure to 'A' class (CALM, 1 998a). The location 
of this reserve is shown in Figure 2.3. 

. Nilgen Nature Reserve 

Nilgen Nature Reserve (Reserve No. 31781) is approximately 5,507 hectares in 
size and is designated a 'C' class Reserve for the purpose of 'Conservation of flora 
and fauna'. It is currently proposed that the status of the Reserve be changed to 
Conservation Park and that its security of tenure be upgraded to 'A' class (CALM, 
1 998a). The location of this reserve is shown on Figure 2.4. 

. 	Reserve Number 27993 

Gazetted as a Reserve for the purpose of 'Conservation of flora and fauna' in 1966 
(Crook at a!, 1984), this reserve is 21 ha in size with a perimeter of approximately 
2.5 km. The location of this reserve is shown on Figure 2.5. A swamp occupies 
the centre of the reserve, with surrounding vegetation consisting of Eucalyptus 
todtiana and Banksia spp., and Melaleuca thickets (Crook eta!, 1984). Very little 
work has been published on either the flora or fauna of this reserve. This reserve 
lies adjacent to the existing Mimegarra Road along which no construction works 
will be undertaken. 

Other reserves which occur in the area but lie well outside the Coastal Road 
alignment include: 

Reserve #36053 	Unofficially known as Southern Beekeeper's Reserve, this 
reserve is located immediately north-east of Cervantes. It covers some 10,841 
ha, extending north from the northern boundary of Nambung National Park to 
Hill River. The western boundary is generally located slightly inland of the 
coast, however one short section extends to the high water mark (Burbidge & 
Boscacci, 1989). This reserve was gazetted in 1979 as a 'C' class reserve for 
'Apiculture and Conservation of Flora'. CALM (1998a) recommended that this 
reserve be changed to a miscellaneous reserve, that its purpose be amended 
to 'Conservation, Recreation and Apiculture', and that tenure be upgraded to 
'A' class. 

Reserve # 39221 (Bashford Nature Reserve) 	Bashford Nature Reserve is 
a C-class reserve located south of the Mimegarra Road alignment and east of 
the Coastal Road. It is approximately 116 hectares in size and has been 
reserved for conservation of flora and fauna. The location of this reserve is 
shown on Figure 2.5. 

2.3.2 Reserve Management Objectives 

Section 56 of the Conservation and Land Management Act 1984 identifies the 
general management objectives for National Parks and Conservation Parks as 
being: 

"fulfil as much of the demand for recreation by members of the public as is 
consistent with the proper maintenance and restoration of the natural 
environment, the protection of indigenous flora and fauna, and the 
preservation of any feature of archaeological, historic or scientific interest." 
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For Nature Reserves the primary management objective is to: 

"Maintain and restore the natural environment and to protect, care for, and 
promote the study of indigenous flora and fauna, and to preserve any feature 
of archaeological, historic or scientific interest." 

It should be noted that CALM proposes to change the tenure of both Nature 
Reserves by upgrading them to 'A' class in recognition of the high values placed 
on recreation in this area and the need to manage visitor access (CALM 1 998a). 

The specific management goals for the Nambung National Park, and the 
Wanagarren and Nilgen Nature Reserves as described in CALM (1998a) are: 

Conservation: Conserve biological, physical, cultural and landscape 
resources. 

Recreation and Tourism: Facilitate recreation and tourism in a manner 
compatible with conservation and other goals. 

Community Relations; Promote informed appreciation of the area's 
natural and cultural values, and facilitate liaison with the community 
about their management 

Commercial and Other Uses: Manage commercial and other uses in a 
manner that minimises impact on other values. 

Research and Monitoring: Seek a better understanding of the natural 
and cultural environments, and the impacts of visitor use and 
management activities. 
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3.0 	Evaluation of Options 

This section provides a summary of the outcomes of the route planning 
investigations undertaken for the Lancelin to Cervantes Coastal Road. Further 
details regarding the evaluation of options can be reviewed in the document titled 
Lancelin to Ceniantes Coastal Road Route Selection Planning Study (HGM, 
2000d). 

3.1 	Assessment Criteria 

To assess route options, a multi-criteria evaluation technique has been utilised to 
evaluate the performance of each option based on a range of conflicting criteria. 
For quantitative criteria, the performance is reported according to the relevant units 
(eg construction cost in dollars, and length in kilometres). For qualitative criteria, 
the performance is reported using the terms Good, Good/Fair, Fair, Fair/Poor and 
Poor. These qualitative scores were then transformed into performance curves 
based on the level of confidence with which qualitative scores are estimated. The 
option with the highest score is the best performing option based on the defined 
criteria. 

The assessment criteria used for this study were developed based on 
consideration of the following inputs. 

Major objective identified for the study by Main Roads WA; 
Issues raised from public consultation; 
Community input from a Value Management Workshop; 
An initial list of assessment criteria provided by Main Roads WA; and 
Other issues identified in the initial stages of the study. 

Table 3.1 contains the list of criteria adopted for the study, together with a 
description of each criteria and the units of assessment. 

Table 3.1: Adopted Assessment Criteria 
Criteria Description Unit of 

Assessment 
TRANSPORT EFFICIENCY 

Length 	 A measure of the length of each route option in kilometres 	 I 	Km 
ECONOMIC BENEFITS 

Proximity to Lancelin This criteria compares the routes in terms of the exposure of Lancelin to 
passing traffic. 

Qualitative 

SOCIAL! LAND USE COMPATIBILITY 
Private Properties Impacted Number of properties impacted and the degree of impact Qualitative 
Length within Private 
Property  

Length of route within each property and location of impacts Qualitative 

Existing residential 
development 

This criteria takes into consideration the noise and visual impacts of each 
option on existing residential properties.  

Qualitative 

Impacts on future 
development 

This criteria takes into consideration the possible impacts of each option on 
future development of land around Lancelin. 

Qualitative 

Impacts on mining 
tenements 

This criteria takes into consideration the possible impacts of each option on 
existing and pending mining tenements. 

Qualitative 

ENVIRONMENTAL INTEGRITY  
Fauna Impact of each option on registered priority fauna. Qualitative 
Flora Impact of each option on registered priority flora. Qualitative 
Nature Reserves Impact of each option on Nature Reserves Qualitative 
Remnant Native Vegetation Impact of each option on existing remnant vegetation Qualitative 

ENGINEERING VIABILITY 
Ease of Construction Considers the terrain and Iandform along each alignment Qualitative 
Construction Cost Estimate of construction cost $ 
Mobile Dunes Assesses the potential future impact of mobile dunes Qualitative 

OTHER 
Aboriginal Heritage Impacts on registered Aboriginal Heritage sites 	 ] Qualitative 
European Heritage Impacts on registered European and Natural Heritage sites II Qualitative 
Visual Quality Visual characteristics of the route 	 j Qualitative 
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3.2 	Route Alignment Options 

For the purpose of assessing the route alignment options for the Lancelin to 
Cervantes Coastal Road, the route was divided into four sections as follows; 

Lancelin Section between the existing Perth - Lancelin Road and the 
southern boundary of the LDTA. 
Lancelin Defence Training Area Section - the section of the route 
running through the LDTA. 
Wedge Section between the northern boundary of the LDTA and the 
Crescent Dune. 
Nambung National Park Section between the Crescent Dune and the 
existing Pinnacles Road. This section is mainly located within the 
Nambung National Park. 

The location of these sections are shown in Figure 3.1. An existing road reserve 
between the coastal road and Mimegarra Road, shown as a dotted line on Figure 
3.1, was initially defined as the preferred alignment for the east-west link. 
However, discussions between Main Roads WA and Department of Defence led to 
an alternative alignment being defined and agreed. This alternative alignment is 
shown on Figure 3.1 as the preferred alignment for the east-west link. A number of 
minor variations for the east-west connection to Mimegarra Road were reviewed. 
For assessment purposes these minor variation were considered as one alignment 
and therefore were not included in the evaluations process. 

The assessment of route options for each section of the Coastal Road is described 
below. 

3.3 	Lancelin Section 

3.3.1 Route Option Development 

The Lancelin Section of the Lancelin to Cervantes Coastal Road is defined by; 

southern end connects to the existing Perth - Lancelin Road (Main Roads WA 
designation M34 - Lancelin Road), and 
northern end connects with the existing 200m wide road reserve running 
through the LDTA. 

Five route alignment options were developed for the Lancelin section of the route. 
These options are described as follows and are shown in Figure 3.2. It should be 
noted that the options through the Nilgen Nature Reserve have been refined from 
the previously identified corridor in the Nambung National Park Management Plan 
and the Central Coast Regional Strategy in an attempt to minimise the area of 
Reserve that will be isolated by the Coastal Road. 

Li) 	This alignment was developed to provide the most direct connection for 
through traffic travelling from the south (Perth) to the north (Cervantes and 
beyond). 
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1-2) 	This alignment was suggested by Main Roads WA in the event that 
constraints on alignment LI resulted in that route not being feasible. 

1-3) 	This alignment was developed following input from the Lancelin Chamber 
of Commerce, following the 1 newsletter and the Public Display held in 
November 1999, which indicated that a route closer to Lancelin would be 
preferred to maximise the economic benefits to the community. This option 
then provides the alignment preferred by the Lancelin community. 

1-4) 	This alignment was developed to reduce the separation of two main 
sections of the Nilgen Nature Reserve. 

1-5) 	This alignment was developed to remove any impacts on the Nilgen 
Nature Reserve. 

3.3.2 Planning Balance Sheet 

Each of the five route alignments for the Lancelin section of the Lancelin to 
Cervantes Coastal Road were then assessed against each of the assessment 
&iteria outlined in Section 3.1. The Planning Balance Sheet for the five alignment 
options for the Lancelin Section are contained in Table 3.2. 

Table 3.2 - Planning Balance Sheet, Lancelin Section 

Criteria Unit of 
Assessment 

Li L2 L3 L4 L5 

TRANSPORT EFFICIENCY  
Length 
- 	Measured 

within the 
Lancelin 

Km 20.75 

Section_only  

20.75 22.8 22.25 22.00 

ECONOMIC BENEFITS  
Proximity to Lancelin 	Qualitative 	FAIR 	POOR 	GOOD 	POOR 	POOR 

SOCIAL / LAND USE COMPATIBILITY  
Private Properties Qualitative GOOD 
Impacted  

FAIR GOOD Fair/Poor POOR 

Length of Route 
within Private 

Qualitative 

Property  

FAIR Fair/Poor FAIR Fair/Poor POOR 

Proximity to existing 
residential 

Qualitative 

development  

Fair/Poor Fair/Poor FAIR Fair/Poor GOOD 

Impacts on future 
development 

Qualitative GOOD GOOD FAIR GOOD GOOD 

Impacts on mining 
tenements 

Qualitative FAIR GOOD FAIR GOOD GOOD 

ENVIRONMENTAL INTEGRITY  
Fauna Qualitative GOOD GOOD GOOD GOOD GOOD 
Flora Qualitative GOOD GOOD GOOD GOOD FAIR 
Nature Reserves Qualitative Fair/Poor Fair/Poor Fair/Poor FAIR GOOD 
Remnant Native Qualitative POOR 
Vegetation  

POOR POOR FAIR GOOD 

ENGINEERING VIABILITY  
Ease of Construction Qualitative GOOD GOOD GOOD FAIR Fair/Poor 
Construction Cost $ 5.9M 6.2M 6.3M 6.7M 6.6M 
Mobile Dunes Qualitative GOOD GOOD FAIR I 	GOOD I 	GOOD 

OTHER ______  
Aboriginal Heritage Qualitative 	GOOD 	GOOD GOOD GOOD GOOD 
European Heritage Qualitative 	GOOD 	GOOD GOOD GOOD GOOD 
Visual Quality Qualitative 	FAIR 	FAIR GOOD Fair/Poor POOR 
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Figure 3.3 shows the results of the multi-criteria assessment for the Lancelin 
Section and identifies that Option L3 is the highest performing option, but is only 
better than Option Li by a small margin. Options L3 and Li clearly outperform 
Options L2, L4 and L5. A review of the planning balance sheet indicates that the 
key reasons for this outcome are as follows; 

Option LI Option L3 
• Shortest route Is the closest to Lancelin and therefore 
• Limited impact on the future development, would be the preferred community option 
• Cheapest Provides the best views of the Ocean and 
• Not affected by mobile dunes movement Lancelin 

• Equal best in the Impact on Private Properties and the Length of route within private properties 
• No impact on known priority Flora 
• Equal best expected ease of construction 

Option L2 performed worse than Options Li and L3 in the economic benefit and 
impact on private property criteria. Option L4 performed worse than Options Li 
and L3 in the economic benefits, impact on private properties, ease of 
construction, cost and visual quality criteria. Option 5, while being the preferred 
option environmentally, performed poorly in the economic benefits, impacts on 
private properties, ease of construction, cost and visual quality criteria. 

Based on these results it was concluded that options Li and L3 provided better 
overall performance against the range of criteria used to assess the route. Due to 
the small separation between the overall performance scores of these two options, 
additional detailed investigations of Li and L3 were undertaken which entailed 
biological and aboriginal heritage surveys and concept plans for the two routes. 
The results of these surveys and investigations provided additional information 
which is incorporated within the Planning Balance Sheet provided as Table 3.3. 

These results are for only the sections of route where options Li and L3 diverge 
and hence criteria such as length and cost are based only on this shorter section 
rather than the entire length of the Lancelin section. 

Table 3.3 - Planning Balance Sheet, Lancelin Section - Detailed Comparison 
of Options LI and L3 

Criteria Unit of 
Assessment 

LI L3 

TRANSPORT EFFICIENCY 
Length 	 I 	km 	20.75km 	I 	22.8km 

ECONOMIC BENEFITS 
Proximity to Lancelin 	 I 	Qualitative 	I 	FAIR 	I 	GOOD 

SOCIAL / LAND USE COMPATIBILITY 
Private Properties Impacted Qualitative GOOD GOOD 
Length of Route within Private Property Qualitative FAIR FAIR 

SOCIAL I LAND USE COMPATIBILrri' (CONT)  
Proximity to existing residential 
development 

Qualitative Fair/Poor FAIR 

Impacts on future development Qualitative GOOD FAIR 
ENVIRONMENTAL INTEGRITY  

Fauna Qualitative GOOD GOOD 
Flora Qualitative GOOD FAIR 
Nature Reserves Qualitative Fair/Poor Fair/Poor 
Remnant Native Vegetation Qualitative POOR POOR 

ENGINEERING VIABILITY 
Ease of Construction (cut/fill) m3  260,000 190,000 
Construction Cost $ 2.46M 2.88M 
Mobile Dunes Qualitative GOOD FAIR 

OTHER  
Aboriginal Heritage Qualitative GOOD GOOD 
European Heritage Qualitative GOOD GOOD 
Visual Quality Qualitative FAIR GOOD 
Visual Impact Qualitative FAIR GOOD 
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Figure 3.4 shows the results of the multi-criteria assessment for the detailed 
assessment of Options Li and L3 and identifies that with the additional information 
derived from further investigations, Option L3 is the highest performing option. 

Little difference remains in the overall performance of Options Li and L3, but the 
separation between the two options is slightly greater than that identified during the 
initial analysis. Therefore, Option L3 is identified as the preferred option. A review 
of the planning balance sheet indicates that the key reasons for this outcome are 
as follows; 

Option L3 is closest to Lancelin and therefore would be the preferred 
community option; 
Option L3 has less impact on Seaview Park estate; 
Less earthworks volume is required for Option L3; 
Option L3 provides the best views of the Ocean and Lancelin; 
Option L3 has less visual impact on the surrounding terrain; 
Option L3 is only longer by 2km; and 
Option L3 is only marginally more expensive ($400,000). 

3.4 	Lancelin Defence Training Area Section (LDTA) 

The LDTA Section of the Lancelin to Cervantes Coastal Road is defined by an 
existing 200m wide road reserve which passes through the LDTA. The gazetted 
road reserve was established back in October 1984. This section of the route is 
shown in Figure 3.5. 

In determining the most suitable location of the development of the Coastal Road 
through the LDTA, extensive consultation and negotiation between Main Roads 
WA and the Department of Defence was undertaken. In December 1998, an 
agreement was reached to position the alignment on the outer perimeter of the 
safety buffer zone for the naval bombing range. The alignment was chosen so as 
to minimise the impacts on Department of Defence operations in the area, whilst 
allowing State Government objectives for a coastal road to be met. This alignment 
also follows existing tracks, therefore minimising potential environmental impacts 
such as vegetation clearing. 

Based on a review of the opportunities and constraints information, no key items 
were identified which would require consideration of alternative alignments for this 
section of the route. A route alignment assessment was therefore not undertaken 
for this section of the route. 

3.5 	Wedge Section 

3.5.1 Route Option Development 

The Wedge Section of the Lancelin to Cervantes Coastal Road is defined by; 

southern end connects with the existing 200m wide road reserve running 
through the LDTA; and 
northern end located to the west of the "Crescent Dune". 

Four route alignment options were developed for the Wedge section of the route. 
These options are described as follows and are shown in Figure 3.6. 

Wi) 	This alignment maximises the exposure of the route to the coast 
and therefore maximise potential ocean views. This route also 
provides a short connection to Wedge. 
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This alignment is the most direct and shortest route for through 
traffic. 
This alignment maximises potential ocean views as for route Wi 
and increases the time before measures would be required to 
prevent the mobile dune encroaching onto the road alignment. 
This alignment reduces the impact on the Wanagarren Nature 
Reserve. 

3.5.2 Planning Balance Sheet 

Each of the four route alignments for the Wedge section of the Lancelin to 
Cervantes Coastal Road were assessed against each of the assessment criteria 
developed in Section 3.1. The Planning Balance Sheet for the four route alignment 
options are contained in Table 3.4. 

Table 3.4 - Planning Balance Sheet, Wedge Section 

criteria Unit of 	WI__j  
Assessment 

W2 W3 W4 

TRANSPORT EFFICIENCY 
Length Coastal Section km 15.0km 14.6km 15.5km 	15.1 km 
Length Wedge Connection km 3.5km 6.2km 3.5km 	7.6km 

ECONOMIC BENEFITS 
Proximity to Lancelin 	 Not Applicable 

SOCIAL I LAND USE COMPATIBILITY  
Private Properties Impacted Qualitative GOOD GOOD GOOD 	J GOOD 
Length of Route within Private 
Property  

km 1.5km 1.5km 1.5km 1.8km 

Proximity to existing residential 
development 

Not Applicable 

Impactsonfuturedevelopment Not Applicable  
Impactsonminingtenements km 	_11.1km 	9.4km 	10.2km 	_6.5km 

ENVIRONMENTAL INTEGRITY __  
Fauna Qualitative GOOD GOOD GOOD GOOD 
Flora Qualitative GOOD GOOD GOOD GOOD 
NatureReserves Qualitative Fair/Poor Fair/Poor Fair/Poor FAIR 
RemnantNative Vegetation Qualitative I 	 Not Applicable 

ENGINEERING VIABILITY  
Ease of Construction Qualitative 	_GOOD 	GOOD 	GOOD 	I GOOD 
ConstructionCost 

_ 
Not Applicable  

MobileDunes Qualitative 	_FAIR 	GOOD 	GOOD 	_GOOD 
OTHER  

AboriginalHentage Qualitative GOOD GOOD GOOD GOOD 
EuropeanHeritage Qualitative GOOD GOOD GOOD 

_ 
GOOD 

VisualQuality Qualitative GOOD FAIR GOOD 
_ 

POOR 

Figure 3.7 shows the results of the multi-criteria assessment for the Wedge 
Section and identifies that Option W3 is the highest performing option followed in 
order by options Wi, W2 and W4. A review of the planning balance sheet 
indicates that the key reasons for this outcome are as follows: 

Overall length of road to be constructed for Option W3 including the Wedge 
connection is significantly shorter than W2 and W4; 
W3 is less affected by movements of mobile dunes than Wi; and 
W3 offers better visual qualities than options W2 and W4. 

3.6 	Nambung National Park Section 

The Nambung National Park Section of the Lancelin to Cervantes Coastal Road is 
defined by; 

southern end Connects with the Wedge section between the "Crescent Dune" 
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and Lawry Bay; 
passing between Grey and the adjacent mobile dune to the east; and 
connecting to the existing Pinnacles Drive. 

This section of the route is shown in Figure 3.8. 

The location of this alignment was developed prior to this study through 
discussions between Main Roads WA and CALM. The alignment was chosen so 
as to meet the obligations and objectives of CALM for managing access within the 
National Park and Wanagarren Nature Reserve, whilst allowing for the State 
Government and Main Roads WA objectives for a coastal road to be met. 

Based on a review of the opportunities and constraints information, the only issues 
with respect to the proposed alignment were the proposed development at Grey 
and the mobile dunes. No other key items were identified which would require 
consideration of alternative alignments for this section of the route. 

As a consequence of the agreement between CALM and Main Roads WA, and the 
lack of any identified fatal flaw constraints, route alignment assessment was not 
required for this section of the route. 

During refinement of the concept designs, the alignment was modified slightly from 
that shown in the Nambung National Park Management Plan (CALM 1998a). The 
modifications aimed at maximising the visual quality (views) along the route and 
minimising the visual impacts from the Pinnacles Desert. The alignment was also 
modified to follow existing tracks as far as practicable therefore minimising 
potential environmental impacts. 

	

3.7 	The No Development Option 

In the absence of a direct route between Lancelin and Cervantes, the majority of 
the transport needs, both commercial and private, utilise the existing road network. 
Given the size of the region and the relative isolation of the towns, further 
development of the road network is crucial. The lack of a good access route has 
been identified by the WA Government and the relevant local authorities as a 
major impediment to the economic and social development of the region during the 
Central Coast Planning Study (WAPC, 1996). 

The proposed road provides a means of controlling access into and throughout the 
region. Controlled access through the Nature Reserves will allow for a 
rationalisation of existing access tracks originating from currently uncontrolled off-
road vehicle use. Many tracks will be closed and rehabilitated whilst others can be 
stabilised and/or realigned. Therefore, controlled access along the coast offered 
by the proposed road is seen as a means to protect the fragility of the coastal 
environment. A downstream effect of controlled access will be the improved safety 
both within the firing range and along the numerous surrounding tracks. 

On this basis, the No Development option was rejected. 

	

3.8 	The Preferred Alignment 

3.8.1 Alignment Description 

Based on the results from the assessment of various alignment options, the 
preferred alignment for the Lancelin to Cervantes Coastal Road can be described 
as follows: 

Connects to the existing Perth to Lancelin Road approximately 800 metres to 
the east of the existing access to the Lancelin tip site and sewage treatment 
works; 
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Runs adjacent to the eastern boundary of the sewage treatment works running 
through private properties to the border of the Nilgen Nature Reserve; 

Cuts across the Nilgen Nature Reserve to a point approximately 250 metres 
west of the western boundary of the Ocean Farms Estate; 

Runs parallel to the western boundary of Ocean Farms Estate at a distance of 
approximately 250 metres; 

At the northern extent of Ocean Farms Estate, the alignment veers to the east 
to run parallel to the boundary of the Nilgen Nature Reserve, approximately 70 
metres within the Reserve, for a distance of approximately 2.4 kilometres; 

Approximately 2.4 kilometres north of Ocean Farms Estate, the alignment exits 
the Nilgen Nature Reserve and follows the existing 200 metre wide road 
reserve adjacent to the LDTA; 

North of the LDTA, the alignment runs through the corner of a private lot and 
runs west to a point approximately 5 kilometres to the east of Wedge; 

The alignment then runs north to the western side of the Crescent Dune near 
Lawry Bay and generally follows existing tracks north past Grey to connect to 
the existing Pinnacles Drive. 

The preferred alignment is shown on Figure 3.9. 

3.8.2 Key Characteristics 

The proposed road will extend approximately 65.9 km from the turn-off to Lancelin 
in the south through to its connection with the existing Pinnacles Road in the north. 
The east-west link from the Coastal Road to Mimegarra Road is approximately 14 
kilometres and the existing Mimegarra Road to the Brand Highway is 
approximately 11 kilometres. The spur roads into Wedge and Grey are 5.2 
kilometre and 1.2 kilometres respectively. The total length of road that has been 
considered in the PER is 97.3 kilometres. However, it should be noted that no 
construction works will be undertaken along Mimegarra Road and therefore the 
length of road to be constructed is 86.3 kilometres. The key characteristics of the 
proposal are summarised in Table 3.5. 

Table 3.5: 	Key Characteristics of the Proposal 
Element Description 
Length of proposed Lancelin - 65.9 km 
Cervantes road 
Other road network connections East —West link to Mimegarra Road (14.0 km) 

Wedge Spur Road (5.2 km) 
Grey Spur Road (1.2 km) 
Existing Mimegarra Road (11.0 km) 

Average width of road construction Approximately 25 m 
area 
Width of road reserve Coastal Road and Mimegarra Link - 100 metres, Wedge and 

Grey spur roads —40 metres. 
Construction duration of project Staged over one year. 
Standard of Construction The Coastal Road and spur roads to Wedge and Grey will 

be sealed to a design speed of 110 km/hr. No construction 
works, beside maintenance works, will be undertaken along 
the existing section of the Mimegarra Road. This section will 
therefore remain unsealed. 

Construction materials sources At the time of completing this document, the location of 
borrow pits was not known. However, it is proposed that the 
majority of material required will be sourced in close 
proximity to the road reserve or from existing borrow pits in 

I the region. 
Approximate area of vegetation 200 ha 
disturbance 
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4.0 Consultation Programme 

4.1 	Comm unity Consultation Program 

A Working Group comprising representatives of various government agencies and 
other key stakeholders was formed to oversee the development of planning and 
environmental studies for the project. A range of public and agency consultation 
was also carried out by the proponent as part of the planning for the Lancelin to 
Cervantes Coastal Road. The public consultation program undertaken for the 
study included a value management workshop, public displays, circulation of 
information brochures and receiving comments from the public for consideration 
during the concept design stage of the project. A summary of the consultation 
activities carried out to date is provided in Table 4.1. The key elements of the 
consultation program are listed in chronological sequence. 

Table 4.1: 	Summary of key activities in public consultation program. 

Date Consultation Activity 
Oct 99 Strategic Value Management Workshop conducted. Participants 

included representatives from Main Roads WA, the Departments of 
Defence, CALM, Tourism, Land Administration, Minerals and 
Energy, Environmental Protection, Ministry for Planning, Waters 
and Rivers Commission, the Shires of Dandaragan and Gingin, 
representatives from a broad range of interest groups within the 
Lancelin and Cervantes community and surrounding areas and 
Halpern Glick Maunsell. 

Oct 99 Main Roads WA Information Sheet No 1 prepared and distributed - 
unaddressed circulation. 

Nov 99 Letters forwarded to affected landowners in the Shires of 
Dandaragan and Gingin. 

Nov 99 Public Information Brochure No 1 circulated to residents of Lancelin 
and Cervantes. 

Nov 99 Public Display held in Lancelin for a period of 1 week. 
Dec 99 Public Display held in Cervantes for a period of 1 week. 
Dec 99 Consultation with representatives of the local Aboriginal community. 
Dec 99 Working Group meeting containing representatives from Main 

Roads WA, Department of Defence, CALM, DOLA, DEP, WRC and 
Shires of Dandaragan and Gingin. 

Feb 00 Working Group meeting. 
May 00 Additional consultation with representatives of the local Aboriginal 

community. 
May 00 Working Group meeting 
June 00 Second Newsletter prepared and distributed providing an update of 

the projects progress and responding to concerns raised from the 
first newsletter. 

June 00 Meeting with affected landowner. 
June 00 Working Group Meeting 

A copy of the newsletters and Main Roads WA Information Brochure which were 
made available to the community are provided in Appendix B. 
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4.2 	Outcomes of Consultation Program 

4.2.1 Newsletter Number One 

A total of 107 responses were received up to the close of the submissions period 
on December 1 7th,  1999. Sixty of these submissions were signed pro forma copies 
of a letter prepared by the Lancelin Chamber of Commerce. A summary of the 
main issues raised in the public submission is as follows: 

Only two submissions did not favour the construction of the Lancelin - 
Cervantes Coastal Road on the basis of increased environmental impacts. 
The remaining submissions supported the construction of a road between 
Lancelin and Cervantes. 

The Lancelin Chamber of Commerce prepared a report that indicated it does 
not support the current proposal due to the negative economic impacts on the 
Lancelin business community. In particular, options suggested included the 
provision of a northern access and the consideration of relocating the southern 
end of the Lancelin to Cervantes Coastal Road closer to Lancelin. 

88 submissions (82%) favoured the construction of a northern access into 
Lancelin. The reasons described for the need for this northern access 
focussed mainly on the economic impacts, or loss of economic benefits, that 
would arise from retaining Lancelin at the end of an 8km-spur road. There was 
also a concern with regards to the delays for emergency access to the 
Lancelin to Cervantes Coastal Road to the north. 

66 submissions (62%) favoured the relocation of the connection between the 
Lancelin to Cervantes Coastal Road and the existing Perth to Lancelin Road 
closer to Lancelin to reduce the scale of the Bypass. 

62 submissions favoured the Chamber of Commerce's call for the social and 
economic impacts of bypassing Lancelin to be considered (and assessed) in 
the selection of the preferred route. The Chamber of Commerce also called for 
support for development at Lancelin and Cervantes before establishment of 
new facilities at Wedge and Grey so as to make the best use of existing 
infrastructure. 

Six submissions identified the need for a buffer between Ocean Farms Estate 
and the Lancelin to Cervantes Coastal Road to minimise the noise and visual 
pollution resulting from the presence of the road and to also minimise the 
potential safety concerns for Ocean Farms residents (e.g. from crime). 

Five submissions identified that the construction of the Lancelin to Cervantes 
Coastal Road would result in increased traffic using the Perth to Lancelin 
Road. This road was identified as already being a safety concern that will 
worsen with increased traffic volumes. There is therefore a need to upgrade 
and improve the Perth to Lancelin Road. 

Four submissions identified that an improved access to Ocean Farms Estate 
should be constructed to connect to the Lancelin to Cervantes Coastal Road. 

A submission from Iluka Resources opposed the Mimegarra Road alignment 
near Brand Highway due to its impacts on potential mining resources. 

Issues raised in the public submissions were taken into consideration during the 
alignment evaluation process and the way in which the issues had been addressed 
was documented in the second newsletter prepared for the project. 
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The major actions undertaken as a consequence of this first stage of the 
consultation program included: 

Investigations of a route closer to Lancelin (Option 1-3); 
Commitment to undertake investigations of a northern connection to Lancelin; 
and 
A review of noise impacts at Ocean Farms Estate and commitment to design 
the road to minimise visual intrusion. 

4.2.2 Newsletter No 2 

In the second round of public consultation the community were asked to provide 
feedback on the following issues; 

Preference for alignment Li or L3. 
The northern access road from Lancelin to the coastal road; and 
Any of the other items being investigated or other issues of interest or concern. 

A total of 113 responses were received up to the close of the submissions period 
on 23 June, 2000. Twenty eight of these submissions were signed copies of a 
letter prepared by the Lancelin Chamber of Commerce. A summary of the main 
issues raised in the public submissions is as follows. 

Only five submissions did not favour the construction of the Lancelin to 
Cervantes Coastal Road on the basis of increased environmental impacts. 
The remaining submissions supported the construction of a road between 
Lancelin and Cervantes. 

The Lancelin Chamber of Commerce indicated a preference for alignment L3, 
and that consideration still be given to a northern access from Lancelin to the 
coastal road. 

47 submissions were received in favour of alignment L3. 

11 submissions were received in favour Li. 

47 submissions were received in favour of a northern connection from 
Lancelin. 

12 submissions were received against the northern connection from Lancelin. 

28 submissions identified that an improved access to Ocean Farms should be 
constructed to connect to the Lancelin to Cervantes Coastal Road. 

21 submissions identified the need for a 500m buffer between Ocean Farms 
Estate and the Lancelin to Cervantes Coastal Road to minimise the noise and 
impacts of the road. 

10 submissions supported the need to upgrade and improve the Perth to 
Lancelin Road. 

These responses were taken into consideration when evaluating the options. The 
major actions resulting from the second stage of consultations included: 

confirmation of Options L3 as the preferred alignment for the coastal road; 

Commitment from Main Roads WA and the Shire of Gingin to evaluate options 
for a connection from the Coastal Road to Ocean Farms Estate; and 

a further refinement of the concept alignment to best meet the needs of the 
Ocean Farms community as well as all the other stakeholders. 
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5.0 Existing Environment 

5.1 Introduction 

This section of the PER describes the existing environment of the study area 
including geology and soils, coastal landforms, cave and karst formations, surface 
water, wetlands, groundwater, terrestrial flora and fauna, stygofauna, visual 
amenity and Aboriginal and European heritage. 

5.2 Geology 

In a regional context, the study area is situated over the central part of the Perth 
Basin which contains a thick pile of sedimentary deposits. The proposed 
alignment traverses Quaternary superficial formations, which consists 
predominantly of Tamala Limestone that is underlain by older Mesozoic sediments 
comprising sandstone, shale, siltstone and coal (Geotek, 2000). The sandy 
Quaternary sediments cover the whole coastal plain. 

Superficial formations have been mapped at a scale of 1:100,000 by Mory (1995) 
(see Figure 5.1). In accordance with this broad scale mapping, the following dune 
deposits exist beneath or immediately adjacent to the road alignment: 

Coastal Eolian Sands (Qs): This unit comprises rounded carbonate grains 
with minor quartz deposits. The parabolic dunes composed of these sands 
can be weakly lithified in their centres. The dunes can be up to 20 metres high 
and are generally fixed by vegetation. 

Perched Mobile Dunes (Qsm): Areas denuded of vegetation form the 
spectacular white perched mobile dunes that occur throughout the region. 

Inland Eolian Sand Deposits (Qe): Inland sand deposits have been reworked 
by erosion to form low sandy rises. Their former dune morphology is usually 
no longer recognisable. 

Tamala Limestone (Qt): This unit consists of medium to course grained 
calcarenite in the form of beachrock and eolianite. Lithification of the eolianite 
has occurred as a result of rainwater percolating through the dunes. 
Cemented limestone was exposed throughout the study area. 

5.3 Soils 

A draft soils map of the region between Lancelin and Cervantes has been 
prepared by Agriculture Western Australia (Schoknecht, 1996). The mapping 
identifies a variety of soil landscape units as occurring within the survey area as 
shown on Figure 5.2. The soil landscape units which are traversed by the 
preferred alignment are listed in Table 5.1 below. 

Table 5.1: 	Soil units traversed by the preferred alignment. 
(See Figure 5.2 for code descriptions). 

Code Length(m) Area(Ha) 
Bh4 327.2 3.3 
Bh9 1194.7 11.9 
Bsl 3931.3 39.3 
Bs3 6663.3 66.6 
Bs5 849.1 8.5 
Bs7 1889.9 18.9 
Ny3 477.9 4.8 
Ny4 2047.6 20.5 
Qu12 1571.6 15.7 
Qu13 12215.8 122.2 
* After mapping of Metropolitan Soils legend 

Code Length(m) Area(Ha) 
Qu14 17488.3 174.9 
Qu4 5383.4 53.8 
Qu5 245.4 2.5 
Qu6 8263.7 82.6 
Qu7 2370.3 23.7 
Spi 11072.2 110.7 
Sp2 10450.4 104.5 
Sp3 4723.0 47.2 
Sp4 1666.2 16.7 
Spearwood* 4368.9 43.7 

Total 97200.11 972 
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LEGEND 

tV'Preferred Ahgnment 
V 	 MINE 

Cervantes 

Boothendarra System 
1 Bh4 : Not available 

Bh9 : Yellow deep sands and yellow sandy earths on gentle lower slopes 

Bassendean System 

EM Bsl : Undulating to flat sandplain with deep, grey or pale yellow soils 
Bs2 : Undulating sandplain featuring ironstone at or near the surface, and 

associated white, yellow or brownish sands (Similar to Bi, but with 
ironstone and occasionally poorly drained depressions) 

1 Bs3 : Low dunefields with deep, pale grey or white sands 
Bs4 : Plain, often poorly drained. Frequent small inclusions of B6 

_] Bs5 : Complex pattern of dunes or low sandy rises, poorly drained plains, saline 
depressions and swamps. Complex of Bsl, Bs4 and Bs6; Bs4 or Bs6 dominant 

Bs6 	seasonally wet plain and depressions, often saline. Characterised by salt 
tolerant vegetation, or salt pans 

. Bs7 : Plain, occasionally seasonally wet, and numerous sandy rises. Complex of 
Bsl, Bs4 and Bs6; Bsl dominant 

IN Bs8 : Gently undulating sandplain characterised by yellow sandy to loamy soils 
Bs9 : Permanent or semi-permanent swamps 

_j BslO : Variable dark soils - Mimegarra 

Bsl 1 : Wet areas, heavy dark soils - Mirnegarra 
Moore River System 

Mol 	: Moore River floodplain 

Mo2 	Relict floodplain - Moore River at Regans Ford 
Nylagarda System 

1 Nyl : Good soils, Hill River flats 
Ny3 : Old terraces - Hill River - adjacent to the Brand Highway 
Ny4 : Sandy plain - Cantabilling spring area - mix of alluvial and aeolian deposits 

Quindalup System 

EM Qu4 Foredurie complex adjacent to coast and beach Parabolic dune system and trailing 
arms - various ages 

Qu5 : Unstable active dunes 
j= Qu6 : Flat coastal plain with shallow grey calcareous sands over calcrete (over sands, shells etc) 

Qu7 : Deflation basins - the wind eroded areas left after the passage of a parabolic dune 
system - often exposing Tamala imestone/cemented cores of eroded dunes 

Qu8 : Calcareous dunes overlying Tamala limestone (complex), calcareous dunes dominant 

OEM QuO : Beach ridge plain, usually with numerous low stranded beach ridges which were parallel 
with receding coast. Includes relict foredune systems and beaches (absorbed Q5) 

QulO: Deflation area, yellow sands of the Pinnacle desert, sometimes vegetated 

Qul 1 : Plain between parabolic dune system and trailing arms - variable soils, often saline 

Qu12: Yellow calcareous sand plain 

Qu13 : Limestone outcrop with shallow calcareous sands and remnants of parabolic dunes, 
limestone dominant 

Qu14: Limestone outcrop with shallow calcareous sand 

Rw2 : Not available 

_J Rw3 Not available 

Spearwood System 

- 	Spi : Deep yellow sands in south (=Ta6 in north) 

fl Sp2 : Limestone outcrop/shallow soils (pockets of deeper sands) 

Sp3 : Complex of deep yellow sands and shallow sands, no limestone outcrop 
Sp4 : Limestone outcrop 
Sp5 : Depressions/dolines may contain diatomite 

: Sp6 : Scarp, rock outcrop, occasionally red sands 

Sp7 : Depression area, duplex soils 

Yerramullah System 

Ye2 : Gravel slopes and crests 

TI Ye3 : Slopes without surface gravels, including broad valleys. Deep sands or sands over gravel 

TI Ye4 : Complex of Ye2 and Ye3 
Ye6 : Deep white sands of the valleys and occasionally slopes. Some seasonally wet 

depressions with duplex soils and gravels, and minor diatomaceous earths 
YelO: Closed depressions, often with diatomatite 
Ye12: Yellow sands - lunettes (David Hooton), rises, low hills 

Figure 5.2 
Soil Landscape Mapping 
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5.4 Landscape 

5.4.1 General Landforms 

The study area is part of the Swan Coastal Plain and the proposed road alignment 
traverses four major geomorphological units or landscape elements. These are 
Bassendean, Spearwood and Quindalup Dunes and the Dandaragan Plateau. 
These units are described below and their location shown on Figure 5.3. 

Quindalup Dunes: 	These are the youngest of the coastal dune systems on 
the Swan Coastal Plain and are still mobile in some areas (McArthur & 
Bettenay, 1960). The mainly calcareous sands form a variety of eolian (wind) 
landforms in a narrow zone along the coast. This includes a range of 
Quindalup dunefield areas in varying stages of development and several 
unconsolidated mobile sand sheets adjacent to the proposed alignment. This 
landscape unit underlies the northern half of the proposed road alignment, 
together with the link road to Wedge. 

Spearwood Dunes: 	This landscape consists of older dunes lithified to 
limestone, with low to moderate relief and without any recognisable trend 
pattern. The Spearwood Dunes correspond to the Tamala Limestone 
Geological Unit. The sands have undergone modification through a process of 
leaching and redistribution of calcium carbonate further down the soil profile 
forming a layer of cemented limestone. Weathering of this limestone has 
created a type of topography called karst which is discussed in more detail 
later in this section. The lower half of the proposed road alignment and the 
western portion of the east-west link road to Brand Highway traverse the 
Spearwood Dunes. 

Bassendean Dunes: This is the oldest landscape element of the Swan 
Coastal Plain within the area, and the furthest inland. It consists of low ridges 
of siliceous sand with numerous swampy depressions (Thomas etal., 1990). 
The Bassendean Dunes (associated with the Bassendean Sands geological 
unit) comprise siliceous sand with intervening swampy depressions. The 
Bassendean Dunes are characterised by a more subdued relief when 
compared to the Quindalup Dunes. 

Dandaragan Plateau: The easternmost section of Mimegarra Road where it 
links to the Brand Highway crosses a section of laterite associated with the 
Dandaragan Plateau. 

In terms of landform development, complexity and dynamics, the Quindalup Dune 
system is generally considered to be more significant than the other systems that 
occur in the project area. 

5.4.2 Coastal Landforms 

Semeniuk et a! (1989) classified the distribution of Quindalup Dunes into five 
sectors based on stratigraphic relationships. The road alignment crosses both 
Sectors 4 (Whitfords - Lancelin) and 5 (Wedge Island - Dongara). These sectors 
are described in more detail below. 

Sector 4 Whiffords - Lance/in: This sector consists of eroding rocky shoreline 
and pocket beaches interspersed with straight beaches backed by high and 
perched dunes. Chaots occur on the limestone hinterland. These well 
vegetated dunes lie parallel to the shore and tend to be high in relief. Further 
inland the perched dunes are either high relief chaots or parabolic dunes. The 
stabilised parabolic dunes developed from blowouts (Griffin 1993) and are 
orientated to the prevailing winds. 
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Sector 5 Wedge Island - Dongara: This Sector consists of a combination of 
erosional scallops into the Tamala Limestone and accretinary cuspate 
forelands. The rocky coastline contains numerous pocket beaches 
interspersed with gently acruate beaches. Perched dunes forming chaots and 
mobile sand sheets transgressing the older Tamala Limestone comprise the 
dune terrain. Numerous attenuated parabolic dunes with arms orientated with 
the prevailing wind. 

Griffin (1993) similarly classified the extent of Quindalup Dunes based on the 
presence of specific combinations of landforms. Under this classification three 
sections encompass the project area. These are: 

Sector G5. North of Jurien to Grey 
A coastal plain in some parts 2km wide, backed by Tamala Limestone over 
which mobile sand sheets have moved or are moving. These sand sheets 
originate in Sector G7. No wetlands occur within the project area for this 
sector. 

Sector G6 Grey to North of Wedge Island 
Dominated by Tamala Limestone which is expressed along the coast as sea 
cliffs. Holocene dunes variably overlay this limestone. Inland the limestone 
has been stripped of the surface sands by the passage of migrating sand 
sheets originating from Sector G7. No wetlands are present in this sector. 

Sector G7. North of Wedge Island to South of Lancelin 
Narrow Holocene plain coastward of the Tamala Limestone. Virtually no 
limestone is expressed on the sea-shore. Small wetlands exist within this 
sector immediately behind the foredunes at Wedge Island. 

Of particular importance to the Coastal Road alignment is the presence of the 
mobile sand sheets from the Quindalup Dunes system that occur within the study 
area. The largest of these sand sheets occurs to the south-east of Wedge and has 
been documented from historical aerial photography as moving at 15 metres per 
year. At this rate, and given the location of the centre line for the proposed coastal 
road, the sand sheet may begin to encroach on the road in the long term (30 to 50 
years). 

A second smaller sand sheet immediately to the east of Wedge has been 
calculated at moving at 12 m per year. The proposed spur road into Wedge has 
been located as far to the north of this sand sheet as possible. However, at 
current movement rates, it is likely that this sand sheet may reach the road in 
approximately 20 to 30 years. 

5.5 	Karst Formations 

5.5.1 Background 

An assessment to determine general areas along the proposed alignment that may 
have the potential to contain karstic formations was undertaken by Geotek 
Consultants (2000). The results of this assessment are documented in the 
following sections. 

Within the study area, the development of karstic landforms is typically restricted to 
the limestone areas of the Spearwood Dunes referred to as Tamala Limestone 
geological unit. In profile, this unit typically consists of leached quartz sand 
overlying well cemented caprock, grading with depth to less cemented limestone 
(i.e. calcarenate) (Geotek 2000). 
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Within the Tamala Limestone, solution caves that are formed at the limestone-
groundwater interface have a tendency to occur on the inland side of the dune 
system (e.g. Nambung Cave). Along the coastal side of the dune system, cavities 
such as overhangs are largely the result of wind erosion. This process involves 
the less cemented materials underlying the caprock being removed, leaving the 
more resistant caprock layer intact (Geotek 2000). 

A proposal to investigate significant karst features was developed in consultation 
with Dr. Brenton Knott from the University of Western Australia, staff of the 
Department of Environmental Protection and representatives from Main Roads WA 
(Halpern Click Maunsell 2000c). 

The framework that was agreed between these parties for this assessment was: 

. 	The entire length of the alignment traverses limestone based landforms. 

Karst formations range from extremely small fissures to large caves. At a 
practical level, the intent of the EPA guidelines was to identify significant karst 
formations such as caves that may also function to support troglobitic fauna or 
stygofauna. 

A cave is broadly defined by speleologists as a cavity into which a person can 
gain access. 

Caves that are prospective for stygofauna are most likely to have developed in 
association with subterranean stream flow. 

Radial stream flow is the dominant groundwater stream flow direction in the 
area. 

A karst survey should be undertaken and focus on areas of radial stream flow. 

Subsequent geotechnical surveys could also be used to help identify 
significant karst features (caves). 

5.5.2 Survey Methodology 

The karst assessment initially required a desktop study to identify prospective 
areas and was followed by a field assessment. Based on initial reviews of aerial 
photography, geological information, mapping and groundwater data, areas 
prospective for radial groundwater flow and karstic formations were identified. 

A ground survey for significant karst features (caves) was then undertaken by 
suitably trained and experienced persons (Geotek, 2000). The ground survey 
targeted areas prospective for karst features that may support troglobitic and 
stygofauna identified from the initial geological and drainage reviews. 

A geotechnical drilling investigation program will be undertaken to complement and 
confirm the findings of the karst survey. In the event that the drilling program can 
not be completed prior to completion of the PER process, Main Roads WA will 
commit to undertaking a drilling program prior to construction. Should significant 
caves be located, appropriate action will be taken. 

5.5.3 Survey Results 

The desktop review was completed by Goh & Begg Geotek Consultants (2000) 
with reference to regional geological maps, topographic plans and the preferred 
alignment. A summary of the interpreted geological units that underlie the 
proposed alignment is provided in Table 5.2. 
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Table 5.2: Desktop interpretation of geological units for the proposed 
Lancelin to Cervantes alignment. 

Chainage Description Geological Units 
Oh's 0.0 to 4000 m Calcareous and quartz sands overlying the Tamala Limestone Qs 
Ch's 4000 to 16500 m Tamala Limestone. At Ch 12000 limestone is up to 130 m thick, with Qt 

the water table around 11 5m below surface (fresh).  
Ch's 16500 to 20000m Quartz sand overlying Tamala Limestone with possible swamp Qe/Qt 

deposits. At Ch 18000, quartz sand is about 10-15m thick, underlain 
by limestone to a depth of about 80m. Water table is around 60-65m 
below surface (fresh).  

Ch's 20000 to 24500m Tamala Limestone. Qt 
Ch's 24500 to 26000m Quartz sand. Qe 
Ch's 26000 to 26505m Tamala Limestone at 
Ch's 26500 to 37500m Calcareous and quartz sands overlying Tamala Limestone. At Ch Qe 

31000, calcareous and quartz sands are about Sm thick, underlain by 
limestone to a depth of about 45m. Water table is around 28m below 
surface (fresh).  

Ch's 37500 to 37700 Tamala Limestone Qt 
Ch's 37700 to 40100m Calcareous and quartz sands overlying Tamala Limestone Qs/Qt 
Ch's 40100 to 51250m Tamala Limestone. At Ch 43200, limestone is about 5-10m thick, with Qt 

the water table around 10-15m below surface (fresh).  
Ch's 51250 to 51750m Calcareous and quartz sands underlain by Tamala Limestone. At Qs 

Ch 51500, limestone is about 1Dm thick, with the water table some 5- 
____________________ 1Dm below surface (fresh).  
Ch's 51750 to 52500m Tamala Limestone. Qt 
Ch's 52500 to 54250m Calcareous and quartz sand. Qs/Qt 
Ch's 54250 to 57500m Tamala Limestone. Qt 
Ch's 57500 to 58100m Calcareous and quartz sands. Qs/Qt 
Ch's 58100 to 59250m Tamala Limestone. At Ch 58200, limestone is 10-1 Sm thick, with the Qt 

water table less than Sm below surface (brackish).  
Ch's 59250 to 68318m Calcareous quartz sands overlying Tamala Limestone. At Ch 68500m, Qs/Qt 

superficial sands are about lOm thick, underlain by limestone 
extending to a depth of about 30m. Water table is around 10-15m 
below surface (fresh). Brown Bone Cave located 2km east of the 
alignment at about 65000m. Nambung Oaves located 4km east 
thence 0.5km north, from the end of the alignment.  

Note: Qs = Ooastal Eolian Sands 	Qe = Inland Eolian Sands 	Qt = Tamala Limestone 
Source: Geotek (2000) 

The preliminary karstic terrain assessment carried out along the proposed Lancelin 
to Cervantes Road included a reconnaissance on-ground inspection of 70 potential 
sites. Photographs of representative sites are provided in Plate 1. These sites 
were identified from aerial photography during the initial desktop study. 

The geological conditions found to exist along the proposed alignment are 
consistent with those that characterise the western side of the Swan Coastal Plain. 
That is, belts of coastal sand dunes underlain by Tamala Limestone in the form of 
eolianite. In profile, the limestone typically consists of indurated superficial 
caprock, underlain by less cemented and friable limestone. 

The development of karstic landforms across the study area was found to be due 
to a combination of weathering, erosion, and dissolution of the Tamala Limestone 
mass at the water table. Examples of the landforms identified include caves, 
overhangs, arches and solution pipes and cavities. 

The proposed alignment has been divided into five sections, which reflect the 
physiographic position of the proposed alignment across the dune systems 
containing the Tamala Limestone. Risk ratings for major karst features have been 
provided in the following text and their location shown in Figure 5.4. Selected 
photographs of the potential sites that were inspected during the survey are 
provided in Plate 1. 

Section 1 Ch's 0.0 to 26500 (yellow): has been given a low risk rating i.e. the 
potential for encountering solution caves at the surface is low. The rating is based 
on an interpreted, comparatively thick limestone profile below the proposed 
alignment, combined with a relatively deep water table. 
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Photo 1: Interdunal depression with concentration of vegetation. 

z;- ••  .. 	
I. 	 • 

•::;—• 61  
I 

;LJ 

I l 	. 

- 
i p•  

l: 

Photo 2: Minor solution of limestone at surface. 
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Photo 3: Overhangs exposed along limestone cliff face. 

Plate 1: 	Selected Photographs of Potential Karsi Features 
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Section 2 Ch's 26500 to 38700 (yellow): has also been given a low risk rating, 
although the thickness of the limestone and corresponding depth to the water table 
would appear to be somewhat less than Section 1, particularly over western and 
eastern ends. 

Section 3 Ch's 38700 to 55000 (green): has been given a medium low risk rating. 
This rating is based on the interpreted thin limestone profile below the proposed 
alignment and a corresponding water table at relatively shallow to moderate 
depths. Although the water table over this section appears shallow in places e.g. 
Ch51500, the thinly developed limestone generally appears to rest directly on 
Mesozoic sediments, which are predominantly non-calcareous. The latter is the 
main reason why a higher rating level was not attributed to this section. 

Section 4 Ch's 55000 to 59200 (orange): has been given a high risk rating, 
primarily due to the fact that a solution cave was located approximately 450m 
north-east of the alignment at Ch58000 (AMG co-ordinates E 321093, N 6609719). 
Below the alignment, which traverses over terrain at lower elevation compared to 
where the cave is situated, the interpreted thickness of limestone is thin with a 
relatively shallow water table. Again, the thin limestone beneath the proposed 
alignment over this section appears to be underlain by Mesozoic sediments. 

Section 5 Ch's 59200 to 68318 (blue): has been given a medium risk rating. This 
risk rating is based on the interpreted, relatively thin limestone profile generally 
present below the proposed alignment and a corresponding very shallow water 
table. Although the water table over this section appears very shallow, the 
limestone appears thicker compared to Section 3, and does not appear to rest 
directly on Mesozoic sediments below the water table (unlike section 3). The 
latter two points were the main reasons for Section 5 being attributed a higher 
rating than Section 3. 

Based on the ground features and regional characteristics attributed above to 
Sections 1 to 5, the following risk ratings have been assigned to the road alignment 
(see Table 5.3). 

Table 5.3 	Risk ratings for sections of the proposed alignment. 

Section Significant Inferred thick Interpreted Risk Rating 
(chainage) karstic limestone profile shallow water (colour code on 

Iandforms above water table within Figure 5.4) 
identified at table limestone. 
surface e.g. 

caves. 
1 (0.0 - 26500) No Yes No Low (yellow) 

2 (26500 - 38700) No Yes No Low (yellow) 

3 38700-55000) No No Yes Low to medium 
(green) 

4 (55000 - 59200) Yes No Yes High (orange) 

5(59200 - 68318) No No Yes Medium (blue) 

5.6 	Surface Hydrology I Wetlands 

The study area lies within the System 5 region which covers an area from the 
coastal towns of Dongara and Lancelin to the inland towns of Mingenew and 
Dandaragan. No formal wetlands policy currently exists for this area. 

No wetlands considered to be of international importance (Ramsar wetlands) occur 
within the study area, therefore relevant Commonwealth legislation does not apply 
to the proposal. 
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The Wetlands Conservation Policy for Western Australia (Government of WA, 
1997) was developed with the primary objective to prevent the further loss or 
degradation of valuable wetlands and wetland types and promote wetland 
conservation, creation and restoration. This policy applies to all wetland types 
which fall into the following definition: 

'areas of marsh, fen, peat/and or water, whether natural or artificial, 
permanent or temporary, with water that is static or flowing, fresh, brackish 
or salt, including areas of marine water the depth of which at low tide does 
not exceed six metres.' 

Areas which fall under this definition occur within the Central Coast region and 
therefore the policies presented in this document have been considered in the 
assessment of this project. 

The study area lies predominantly in the Spearwood Dunes and Quindalup Dunes 
geomorphic units, in which few wetlands occur. The study area also passes 
through the Bassendean Dune geomorphic unit in which a number of wetlands and 
water courses exists. 

Semeniuk (1994) identified 20 suites of wetland in the System 5 region. The 
preferred alignment from Lancelin to Cervantes avoids impacting the elements of 
these suites present in the area. However, the east-west link (to the Brand 
Highway) passes to the southern side of two small sumplands which form part of 
the Namming suite of wetlands (See Figure 5.3). 

The Namming wetlands suite is described by Semeniuk (1994) as: 

"ovoid microscale lakes, sumplands and creeks, located in the 
neighbourhood of Caro Brook in the Bassendean Dunes. These wetlands 
are poikilohaline, ranging from freshwater to hyposaline. Water is 
maintained through groundwater rise and surface floW". 

As the predominant direction of water flow in the area is from north to south, it is 
unlikely that these sumplands will be affected by the road construction. 

The proposed alignment crosses Cataby Creek and the upper reaches of Caro and 
Eneminga Brooks. At these Creek locations, the proposed alignment follows the 
existing Mimegarra Road, along which no construction works are proposed, and 
therefore no significant impacts to these water bodies are expected. Preliminary 
discussions with the Water and Rivers Commission indicated that they have no 
major concerns with the proposal. 

5.7 Groundwater 

The Tamala Limestone formation contains an unconfined groundwater system that 
flows westward from the Gingin Scarp discharging along the coastline above a 
wedge of seawater. This system is largely responsible for the formation of solution 
caves. Recharge is mainly from direct infiltration of rainfall and seepage from local 
runoff (Tinley 1992 cited in CALM 1998a). 

Large shallow groundwater resources occur in the superficial sands and limestone 
between Gingin and Cervantes (CALM, 1998a). Fresh groundwater occurs in 
deep aquifers along the coast from Guilderton north to the Lancelin-Wedge area 
but further north, the deep groundwater along the coast is saline (CALM, 1998a). 
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No geotechnical or hydrogeological surveys have currently been undertaken along 
the road alignment. Main Roads WA will however undertake such surveys during 
the detailed road design. 

A Draft Water Source Protection Plan for the Cervantes Water Reserve has been 
developed by the Water and Rivers Commission (1999) with the aim to supply the 
Cervantes Township with a reliable and long term water source. The location of 
the proposed water reserve is shown on Figure 5.5. The proposed Water Reserve 
incorporates the weilfield and recharge areas and lies predominantly to the north-
east of the Cervantes Township. The proposed Water Reserve will not be 
affected by the road alignment. 

5.8 	Terrestrial Flora and Vegetation 

5.8.1 Background 

A separate, stand-alone biological survey report has been prepared for the 
proposed alignment which provides detailed accounts of the methodology, results, 
field data and regional assessments of flora and vegetation values of the site 
(Halpern Glick Maunsell, 2000a). A biological assessment of the areas around 
Wedge and Grey has also been prepared (Halpern Glick Maunsell, 2000b). 
Although the proposed alignment only provides the spur roads into the Wedge and 
Grey settlements and the east-west link ends at its junction with Mimegarra Road, 
the settlement areas and Mimegarra Road have been included in the assessment 
as they may be impacted by 'downstream' effects. Key information from these 
supplementary documents has been summarised for inclusion in the following 
sections of the PER. 

Considerable survey work has been published for the coastal vegetation north of 
Perth, including: 

a survey of flora of the Quindalup Dunes between the Swan and Irwin Rivers 
(Griffin, 1993); 

a survey of sandplains between Moore River and Jurien, focussing on 
vegetation of the Bassendean System (Griffin & Keighery, 1989); and 

floristic surveys of the northern and southern Swan Coastal Plain by Griffin 
(1994) and Gibson etal. (1994) respectively. Griffin (1994) incorporated data 
from the previous two studies and placed it in a regional context with other 
studies, describing 500 separate vegetation groups for the area. 

Some studies more specific to the project area have also been conducted. 
Thomas etal. (1990) described the vegetation of the Lancelin Defence Training 
Area north of Lancelin. This was divided into units occurring on the Quindalup, 
Spearwood and Bassendean landscape elements, and was linked to the landform 
and underlying soil type. 

Vegetation mapping is available for the Wanagarren Nature Reserve (Crook et al., 
1984). The reserve is described as generally supporting a low heath, with a 
section of limestone hill country at the eastern boundary supporting Banksia 
woodlands in the upper valleys, and shrublands of Xanthorrhoea species over low 
heath in the lower, drier reaches of the same valleys (Crook etal., 1984). The 
vegetation of Nambung National Park and Nilgen Nature Reserve has not been 
documented in detail. 

Sampling has also been conducted in the area as part of the West Midlands Study, 
coordinated by Margaret Langley of CALM Woodvale. While this study is still in 
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preparation, interim data was obtained from Mr. Ted Griffin. During the West 
Midlands Study, over 20 sites were examined within the buffer area along the 
alignment. Approximately 13 of these were located on the Quindalup Dunes, while 
five sites were located on Bassendean Dunes, and one site was located in each of 
the Spearwood Dunes and Dandaragan Plateau. More than 100 additional sites 
were surveyed in the Quindalup Dunes surrounding the survey area, while over 30 
sites were surveyed outside the study area in the vicinity of the Mimegarra link 
road alignment. The majority, if not all, of the latter sites appear to be located on 
the Bassendean Dunes or Dandaragan Plateau. 

The floristic data from the West Midlands Study was not obtained sufficiently early 
to be incorporated into the flora list for this report. However, threatened flora 
locations were able to be extracted from the database to increase the soundness 
of the evaluation of threatened species' presence in the area. 

5.8.2 Survey methodology 

The scope of the flora surveys undertaken for this project was to identify and 
describe the flora and vegetation of the study area in sufficient detail to enable, 
with the aid of other information available for the area (including Griffin and 
Keighery, 1989 and Griffin 1993) the conservation significance of flora and 
vegetation types that occur, to be determined. The survey area incorporated a 500 
metre corridor centered around the preferred alignment. 

Three separate field surveys were carried out to assess the terrestrial flora and 
vegetation of the project areas. The timings of these surveys are outlined in Table 
5.4. The majority of sites were surveyed in March/April which is not optimal timing 
for the identification of annual species, however Main Roads WA have made a 
commitment for further flora survey work, targeting annual and threatened flora 
species to be undertaken in Spring. 

Table 5.4; 	Field flora surveys carried out during the preparation of the 
PER. 

Survey Scope Dates 
1 Initial sampling of the flora and fauna along the main alignment 1811  to 241  October 

between Lancelin and Cervantes (30 flora sites, site codes 1-30) 1999 
2 Additional sampling along the Mimegarra Road east-west link 16 January 2000 

(additional_6 flora _sites, _site _codes _31-36)  
3 Further survey work along the main alignment and Mimegarra 27" March to 

Road, at the Wedge and Grey squatter settlements, along 5" April 2000 
alternative spurs into Wedge and the Lancelin section options (87 
flora sites, site codes 37-96, 98-1 05, 107-117. 48A and 79A. spot 
sampling_only at_  sites _97_  and _106).  

Where possible, vegetation types have been cross-referenced with the groups 
determined by Griffin (1994). Other relevant studies have been utilised where 
appropriate. Where possible, codes are presented in brackets following the title of 
the vegetation type after Hopkins ef al. (1996). Due to the differing levels of 
investigation of the different studies, it was not always possible to make specific 
references to previous work in the region. 

Detailed flora survey sites were located within vegetation types considered to be 
representative of the major vegetation associations within the area. These 
vegetation types were identified initially using 1:25 000 colour aerial photography 
of the area, and were subsequently ground-truthed in the field. Additional survey 
sites were located where variation in the vegetation was noted. Wherever 
possible, sites were located adjacent to the proposed alignment, and in the most 
intact vegetation present. 

Each survey site comprised a 10 m x 10 m quadrat, within which all vascular flora 
observed were recorded. The Bushland Plant Survey Recording Sheet of 
Keighery (1994) was utilised as the primary recording form. The parameters 
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recorded are detailed in Halpern Glick Maunsell (2000a). Vegetation condition 
was also recorded following the scale of Trudgen (1991) (5 classes from 
Completely degraded through to Excellent). A colour photograph of the vegetation 
at each site was taken using a 35 mm camera with a fixed 50 mm lens. 

Further opportunistic collections were made to supplement the species recorded 
from the quadrat assessments, particularly with respect to weed species. A 
number of traverses and spot checks were conducted in habitats known to, or 
likely to, contain Declared Rare or Priority flora. 

Certain areas were not easily accessible by vehicle. These areas were either 
traversed on foot or the vegetation types were extrapolated based on interpretation 
of aerial photography. Department of Defence safety requirements in the vicinity of 
the naval firing range in relation to unexploded ordinances meant that sampling in 
the LDTA was limited. 

Species which could not be identified in the field were collected for later 
identification using the resources of the Western Australian Herbarium. 
Specimens of suspected Priority species were collected as vouchers and were 
lodged with the Western Australian Herbarium. Rare Flora Report Forms were 
completed for the populations and submitted to CALM. 

Vegetation types were described following the survey based on notes taken in the 
field. The flora data collected was used as the basis for a cluster analysis using 
the TWINSPAN software package. As indicated above, the timing of the flora 
survey was not optimal for detecting annual flora species. However, as only native 
perennial species were used in the TWINSPAN analysis, the relationship between 
flora sites would not be significantly different if results from a spring flora survey 
were used in the analysis. 

The site groupings identified through TWINSPAN were used to support and further 
refine the vegetation types identified. Finally, the vegetation was mapped at a 
1:10,000 scale, with survey sites and locations of potential threatened flora 
populations clearly identified. 

5.8.3 Vegetation Communities 

Beard (1979, 1981) broadly mapped the vegetation of the Lancetin to Cervantes 
area. Virtually the entire project area lies at the northern end of Beard's 
Drummond Botanical Subdistrict, which forms part of the Darling Botanical District. 
The dominant vegetation types mapped by Beard for this area are heaths of 
Acacia /Me!aleuca on dunes (Guilderton System) and scrub-heaths of Diyandra / 
Calothamnus on limestone (Jurien System). The Guilderton and Jurien Systems 
defined by Beard (1979) were described as representing northward extensions of 
the Quindalup and Spearwood Dune Systems of the Swan Coastal Plain (McArthur 
& Bettenay, 1960) under different vegetation. 

The eastern portion of the Drummond Subdistrict contains Banksia low woodlands 
on limestone (Jurien System - not present within the survey area) and Banksia low 
woodlands on white sand (Bassendean System). Areas of drift sand are scattered 
throughout these coastal areas. A small section of scrub-heath on lateritic 
sandplain (Lesueur System) occurs on the western side of the Brand Highway and 
represents part of the Irwin Botanical District (Beard, 1981). 

The flora surveys undertaken for this project resulted in twenty seven vegetation 
types being identified within the project area. A detailed description of each 
vegetation type, including variants, is provided in Halpern Glick Maunsell (2000a). 
A summary of the vegetation types in the study area is provided below and their 
distribution within the Coastal Road alignment and at Wedge and Grey are shown 
on Figures 5.6, 5.7 and 5.8 respectively. 
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In an attempt to place the vegetation types of the study area in a regional context, 
the vegetation types have been affiliated with the soil landscape types mapped by 
Schoknecht (1996) shown in Figure 5.2. The aerial photograph shown in Figure 
5.9 also provides an indication of the regional extent of remnant vegetation. Some 
consideration has also been given to the likely distribution of these vegetation 
types within the combined local conservation estates of Nilgen Nature Reserve, 
Wanagarren Nature Reserve and Nambung National Park. A summary of the data 
pertaining to each soil type landscape unit is presented in Table 5.5 while data 
relating to each vegetation type is contained within the vegetation type descriptions 
that follow. 

Table 5.5 	Representation of Soil Landscape Units Within the Region 

Soil 
landscape 

type 

Total area of soil 
unit in the region as 

mapped by 
Schoknecht (1996) - 

in ha 

Area of soil unit 
within 500m 
buffer of the 

preferred 
alignment - in ha 
(% of total area) 

Area of soil unit 
within 

the three 
conservation estates - 

in ha 
(% of total area)  

Area of soil unit 
within the land held 
by the Department 
of Defence - in ha 
(% of total area) 

Qu4 19276.7 848.1 (4.4%) 4431.6(23%) 1874.0(9.7%) 
Qu5 8315.7 87.8(1.1%) 3562.8(42.8%) 1769.1 (21.3%) 
Qu6 7685.6 391.0(5.1%) 1650.9(21.5%) 441.0(5.7%) 
Qu7 4608.3 219.1 (4.8%) 1364.6(29.6%) 2741.4(59.5%) 
Qu8 2657.0 16.2 (0.6%) 1057.2 (39.8%) 2.0 (0.1%) 

Qu12 1735.0 136.9 (7.9%) 94.4 (5.4%) 103.5 (6.0%) 
Qu13 15970.0 1247.4 (7.8%) 6532.7 (40.9%) 3802.2 (23.8%) 
Qu14 16072.1 1738.9(10.8%) 10712.3 (66.7%) 120.2 (0.7%) 
Spi 20307.3 1067.1 (5.3%) 191.3(0.9%) 3424.7 (16.9%) 
Sp2 6385.6 906.2(14.2%) 1284.0 (20.1%) 3959.2 (62.0%) 
Sp3 5933.7 493.6(8.3%) 2464.7(41.5%) 1596.4 (26.9%) 
Sp4 776.6 149.3(19.2%) 356.4 (45.9%) 286.9 (36.9%) 
Sp5 141.8 4.6(3.2%) 0 42.9(30.3%) 
Sp6 161.0 6.3(3.9%) 0 2.1 (1.3%) 
Sp7 120.1 44.2 (36.8%) 0* 0 
Bsl 45057.0 310.0(0.7%) 609.6(1.4%) 348.4(0.8%) 
Bs3 18082.5 351.5(1.9%) 76.9 (0.4%) 243.2 (0.3%) 
Bs5 21579.5 69.9(0.3%) 337.7(1.6%) 421.7(2.0%) 
Bs7 7086.1 201.3 (2.8%) Nil nil 
Ny3 950.5 43.5 (4.5%) Nil nil 
Ny4 1287.6 232.4 (18.0%) Nil nil 

* - Bashford Nature Reserve is almost entirely comprised of this landscape soil type. 

A. Quindalup Vegetation 

Vegetation identified as occurring on the Quindalup Dunes falls under the 
Quindalup Bioregion identified by Griffin (1998). This Bioregion includes various 
floristic groups which are quite confined to the recent calcareous dunes of this 
system. Within the study area, these floristic groups include the following. 

Incipient Foredunes 

Vegetation types of the incipient foredunes were typically linked to the Qu4 soil 
landscape unit identified by Schoknecht (1996). This unit is broadly distributed 
along the length of the coast between Lancelin and Cervantes, and is well 
reserved (over 20%) in all three of the local conservation estates (Nambung 
National Park, Wanagarren and Nilgen Nature Reserve) (see Table 5.5). The 
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following three vegetation types would therefore be expected to be both widely 
distributed in the region, and relatively well conserved. 

. 	Dune grasses 

A narrow (to -5 m) band of open to moderately dense grasses occurred on the 
most seaward margin of dunes at Wedge and Grey. This vegetation would be well 
distributed along the coast. 

This vegetation type corresponds to Groups 1 & 2 of Griffin (1993), and Group 500 
of Griffin (1994). These comprise low heaths to dwarf scrubs which are principally 
dominated by species including Spinifex longifolius and *refragonia  decumbens. 
Few other species occurred within this vegetation type, and those recorded were 
typical of the near-coastal habitats (ie. the sedge Iso!epis nodosa, the succulent 
low shrubs Carpobrotus sp. and *Tetragonia  decumbens, and very occasional 
shrubs of Myoporum insulare, Olearia axillaris and Scaevola crassifolia). 

Given the level of invasion by introduced grasses in most areas, the condition of 
this vegetation using the Trudgen (1991) scale would be classed as poor to very 
poor. 

Scaevola crassifolia - Olearia axillaris - Leucophyta brownii dwarf scrub 

Most foredune areas at Wedge supported a dwarf scrub dominated by Scaevola 
crassifolia, usually with Olearia axillaris, over a variable amount of Leucophyta 
(previously Calocephalus) brownii. This vegetation type appears to correspond to 
Group 10 of Griffin (1993), which is a dwarf scrub to low heath dominated by 
Olearia axillaris over Spinifex longifolius and open low sedges, principally Iso!epis 
nodosa. It is most similar to Groups 495498 of Griffin (1994). 

The condition of this vegetation was generally good, although some areas in the 
immediate vicinity of shacks were classed as poor. 

. 	Olearia axillaris low scrub over Spinifex longifolius grassland 

A narrow band of this vegetation type occurred at Grey between the band of dune 
grasses fringing the beach and the Scaevola crassifolia - Myoporum insulare - 
Olearia axillaris heath further inland. This area represents a transition zone 
between the incipient foredunes and the frontal dunes. This vegetation type 
appears again to correspond to Group 10 of Griffin (1993). 

This vegetation type consisted of an open low shrubland dominated by Olearia 
axillaris over a moderately dense grassland of Spinifex longifolius. Other shrub 
species such as Atriplex isa (idea, Acanthocarpus preissii, Carpobrotus sp., 
Scaevola crassifolia, Threlkeldia diffusa and *Tefragonia  decumbens typically 
provided a very sparse to sparse cover, although the latter species sometimes 
occurred as the dominant shrub in degraded areas. 

The condition of this vegetation ranged from good in areas distant from shacks, to 
poor - very poor for areas located within the Grey settlement. 

Foredunes 

Vegetation types of the foredunes were again linked to the Qu4 soil landscape unit 
identified by Schoknecht (1996). The following vegetation types are therefore 
expected to be both widely distributed in the region, and relatively well conserved 
(see earlier). 
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. 	Scaevola crassifolia - Myoporum insulare - Olearia axillaris heath 

Foredune areas supported a low heath which was dominated by Olearia axillaris 
and Myoporum insulare over Scaevola crassifolia, frequently with lesser amounts 
of Rhagodia baccafa and Westringia dampieri. This vegetation type appears to 
correspond to the dwarf scrubs to low heaths of Groups 26-29 of Griffin (1993), 
and Groups 492-495 of Griffin (1994). 

The condition of this vegetation was generally good to very good. 

Olearia axillaris - Melaleuca systena - Acacia lasiocarpa heath 

A transition zone between the foredune heath and the low heath of the dunes 
further inland was observed at Grey. This was characterised by a moderately 
dense low scrub of Olearia axillaris over a low heath dominated by Melaleuca 
systena and Acacia lasiocarpa. 

The condition of this vegetation was generally good to very good, with the major 
disturbance noted being weeds. 

Young Inland Dunes and Deflation Plains 

Vegetation of the young inland dunes and deflation plains included sedgelands on 
Qu6, and various scrubs on W. The Qu6 soil landscape unit occurs commonly 
along the coastal strip in this area and is well represented in the local conservation 
estates (21.5%), however sedgelands occur only within seasonally I tidally 
inundated swales in the Qu6 unit, and are known to have a limited distribution. In 
contrast, the remaining vegetation types are relatively widespread within the Qu7 
unit. Their distribution is therefore likely to be well predicted by the wide 
distribution and relatively high level of reservation (29.6%) of this soil landscape 
unit in the area (see Table 5.5). 

Sedgelands 

Two main areas at Wedge comprised interdunal swamps which are seasonally and 
tidally inundated. These low-lying areas support a dense cover of sedges, 
dominated by the native species Isolepis nodosa and Schoenus sp. 1, with 
extensive invasion by the exotic Sharp rush *Juncus  acutus. The low succulent 
Sarcocomia blackiana provided an open cover, while taller shrubs occurred only 
as scattered individuals. 

Sedgelands such as these would fall under Group 103 of the miscellaneous Super 
Group G identified by Griffin (1993). These sedgelands are described as utypical 
of those which form just east of a foredune in a plain evacuated by a mobile 
sandmass" (Griffin, 1993), and would have a broad though minor representation 
along this section of coast. 

The condition of the sedgelands within the Wedge settlement were classed as poor 
to completely degraded, depending on the level of invasion by *Juncus  acutus. 

Acacia cyclops scrub over Olearia axillaris - Scaevola crassifolia dwarf 
scrub 

This vegetation type occurred on dune areas at Wedge, particularly in disturbed 
areas surrounding the shacks, and appears to correspond to Group 25 of Griffin 
(1993). It consisted of patches of tall shrubs (-1.5-2m tall) dominated by Acacia 
cyclops, usually with lesser amounts of Spyridium globulosum, over a dwarf scrub 
of Olearia axillaris and Scaevola crassifolia. 

The general condition of this vegetation was classed as good, with weeds being 
observed at most sites due to their location near the Wedge settlement. Some 
areas with a higher level of weed invasion were rated as good - poor condition. 
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Allocasuarina Iehmanniana - Acacia cyclops scrub over Olearia axillaris - 
Acacia truncata dwarf scrub 

This vegetation type occurred along the eastern edge of the Wedge settlement, 
particularly on the area designated as 'caicrete' in the Wedge and Grey Draft 
Master Plan (CALM, 1999). It appears to correspond to Group 43 of Griffin (1993). 
It consisted of patches of tall shrubs of Allocasuarina Iehmanniana and Acacia 
cyclops, typically with Spyridium globu!osum, over a dwarf scrub dominated by 
Olearia axillaris and Acacia truncata. 

The condition of this vegetation was equivalent to that of the previous type. 

Mixed scrub on dune edges 

Vegetation colonising the slopes of mobile dunes consisted of a shrubland which 
was variable both in terms of cover and species composition, but probably also 
falls within Group 43 of Griffin (1993). Dominant species typically included 
Allocasuarina Iehmanniana, Acacia truncata, Olearia axillaris and Scaevola 
crassifolia. 

The condition of the vegetation at the single site sampled was rated as excellent, 
with no signs of disturbance noted. 

. 	Dune sheets 

This mapping unit corresponds to the soil landscape unit Qu5, "unstable active 
dunes" (Schoknecht, 1996). These areas were not surveyed in detail as the 
proposed road will be required to be distant from the dunes on an engineering 
basis. 

Older Inland Dunes 

Acacia lasiocarpa - Melaleuca systena low heath (Hopkins et al1996   
classifcation Zc-O 1 a) 

This vegetation dominated the Quindalup Dune system, occurring on shallow white 
or grey calcareous dunal sands over limestone and was dominated by various 
combinations of Melaleuca systena, M. huegelif, Acacia lasiocarpa and Lomandra 
maritima, with Allocasuarina lehmanniana in places. 

Melaleuca systena - Acacia lasiocarpa heaths are widely distributed in the region 
and well represented within reserved areas (Nambung National Park, Wanagarren 
Nature Reserve, Nilgen Nature Reserve and Southern Beekeeper's Nature 
Reserve). 

This heath is the dominant vegetation of the Guilderton Vegetation System as 
described by Beard (1979) and includes the variable coastal heaths and inland 
heaths within the Wanagarren Nature Reserve as described by Crook et a! (1984). 
This vegetation type would encompass vegetation groups 15/447, 448 & 452, and 
16/454 & 455 of Griffin (1994). The broader groups 15 & 16 of Griffin (1994) are 
limited to a narrow, near-coastal strip but are both widespread between 
approximately Lancelin and north of Cliff Head. This vegetation type is also similar 
to community type 29b identified by Gibson et al. (1994) within the southern Swan 
Coastal Plain. 

The soil landscape units associated with this vegetation type are shown below. 
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Soil 
landscape 

type 

Area* of Acacia lasiocarpa - Melaleuca systena 
low heath occurring on each soil type - in ha 
(% of the total area*  of this vegetation type) 

Qu14 2462.9 (48.5%) 

Qu13 1279.8 (25.2%) 

Qu4 938.1 (18.5%) 

Qu6 265.7 (5.2%) 

Qu8 62.2 (1.2%) 

Qu7 52.2(1.0%) 

Qu5 18.7 (<1%) 

Sp2 1.2(<1%) 

Total 5080.9 

Based only on the area of vegetation mapped for the current survey. 

Ninety two percent of the mapped extent of this vegetation type occurs on three 
soil landscape types (Qu14, Qu13 and Qu4). Within the survey area, Acacia 
lasiocarpa - Melaleuca systena low heath is the dominant vegetation of the Qu14 
unit, comprising 97.7% of the 2520.8 ha mapped for this soil landscape type. 
Similarly, of the 2488 ha of Qu13 and 1160 ha of Qu4 for which vegetation 
mapping was conducted during this survey, 51% and 80% respectively are 
encompassed by this vegetation type. The distribution of these three soil types 
would therefore seem to predict the distribution and extent of Acacia lasiocarpa - 
Melaleuca systena low heath tairly well. 

The combined coverage of the three soil types (Qu14, Qu13 and Qu4) across the 
area mapped by Schoknecht (1996) is approximately 51,318.8 ha. Furthermore, 
each of these soil landscape types are well conserved within the combined 
conservation estate of Nilgen Nature Reserve, Wanagarren Nature Reserve and 
Nambung National Park, representing at least 23% of the total area mapped and 
67% in the case of Qu14 (it should be noted that these calculations are based on 
current land tenure). 

Given the above it would seem fair to assume that this vegetation type is 
distributed widely throughout the Quindalup Dune system of the Lancelin - 
Cervantes area, with much of it conserved in the local Nature Reserves or National 
Park. It is also known to occur within the Southern Beekeeper's Nature Reserve. 

Overall, this vegetation type was in very good condition. Only a small proportion 
was subject to weed invasion, and this was typically localised around settlements 
(ie. Grey and Wedge) or limited to the margins of tracks. Erosion through off-road 
vehicle use was apparent at some points, particularly on crests where additional 
tracks had been formed. 

Five main varieties were observed within this vegetation type which include: 

Variant 1 Acacia lasiocarpa - Melaleuca systena low heath 
Variant 2 Acacia xanthina scrub over Acacia lasiocarpa - Melaleuca systena 

dwarf scrub (disturbed Acacia lasiocarpa - Melaleuca systena low 
heath) 

Variant 3 Allocasuarina Iehmanniana scrub over Melaleuca systena -Acacia 
lasiocarpa heath 

Variant 4 Melaleuca systena - M. huegelii - Acacia lasiocarpa heath 
Variant 5 Climax heath 

. 	Melaleuca cardiophylla thicket (Hopkins et al1996   classification Sc-03b) 

This vegetation type occurred on limestone outcroppings with a shallow layer of 
calcareous sand on the surface within the Quindalup Dunes System. This 
vegetation type is within Beard's (1979) Guilderton Vegetation System and 
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typically occurred as part of a mosaic together with the Melaleuca systena - Acacia 
lasiocarpa heaths described above. It appears to be similar to Group 129 within 
Super Group K, or Group 98 within the miscellaneous Super Group G identified by 
Griffin (1993). It would encompass groups 17/457460 of Griffin (1994), which 
were dominated by Melaleuca cardiophylla, with other important species including 
Melaleuca hue gelii and M. systena. Group 17 is again limited to a near coastal 
strip, but is widely distributed from north of Guilderton to Port Denison. While 
widespread in the region, this vegetation type occurs only as localised patches on 
suitable substrate. 

Two varieties were observed within this broad type depending on the fire history of 
the area: 

Variant 1 Melaleuca cardiophylla thicket 
Variant 2 Acacia xanthina thickets (burnt Melaleuca cardiophylla thickets) 

Within the survey area, M. cardiophylla thickets occurred on calcareous / limestone 
outcroppings with a shallow layer of calcareous sand on the surface within the 
Quindalup Dunes System. Soil landscape units on which this vegetation type 
occurred are shown below. 

Soil 
landscape 

type 

Area* of Melaleuca cardiophylla thicket 
occurring on each soil type - in ha 

(% of the total area*  of this vegetation type) 
0u6 65.2 (59.9%) 

Qu14 29.4 (27.0%) 

Qu4 14.2(13.1%) 

Total 108.8 

* Based only on the area of vegetation mapped for the current survey. 

Sixty percent of the Melaleuca cardiophylla thicket mapped during the current 
survey occurs on Qu6, with 27% and 13% occurring on Qu14 and Qu4 
respectively. 

It is difficult to determine the extent of these thickets based on the soil landscape 
mapping given the patchy nature of their distribution. As an example, M. 
cardiophylla thickets comprise only 19% of the 343 ha of Qu6 within the survey 
area and just 1% of the 2521 ha of Qu14 and 1160 ha of Qu4. However, from the 
above Qu6 would seem to be the best predictor of the presence of this vegetation 
type. Qu6 occurs across 7686 ha of the Lancelin - Cervantes area, of which some 
21.5% occurs in local conservation estates. M. cardiophylla thickets are known to 
be represented in Nambung National Park and Wanagarren Nature Reserve. 

. 	Acacia rostellifera thicket (Hopkins et al1996   classification Sc-03b) 

The Acacia rostellifera thickets again occur as part of a mosaic together with the 
Acacia lasiocarpa - Melaleuca systena heaths described above. This vegetation 
type appears to be similar to Group 65 within Super Group E, & Group 87 within 
Super Group F identified by Griffin (1993). It would encompass groups 17/462-465 
of Griffin (1994) which were dominated by Acacia rostellifera, Melaleuca systena 
and Acananthos preissii. 

Within the study area, this vegetation type occurred on white to grey calcareous 
sands of the Quindalup Dunes System, particularly in sheltered swales. Soil 
landscape units on which this vegetation type occurred are described below. 
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Soil 
landscape 

type 

Area* of Acacia rostellifera thicket occurring on each 
soil type - in ha 

(% of the total area*  of this vegetation type) 
Qu4 17.9(50.8%) 

Qu6 9.2 (26.1%) 

Qu14 8.1 (22.9%) 

Oul 0.1 (0.2%) 

Total 35.2 

Based only on the area of vegetation mapped for the current survey. 

Ninety nine percent of the mapped extent of this vegetation type occurred on three 
soil I landscape types (Qu4, Qu6 and Qu14). Note that the areas mapped as A. 
rostellifera thicket on Figure 5.6 should not be taken to represent the only 
occurrences within the survey area, small patches of this vegetation occurred in 
swales elsewhere within the general Melaleuca systena - Acacia lasiocarpa heath. 

In the case of each soil landscape type, Acacia rostellifera thicket accounted for 
less than 2% of the vegetation coverage mapped during this study. This means 
that while the soil types can be used as a means of determining the broad 
distribution of the A. rostellifera thickets, they cannot be used with any certainty to 
estimate the overall extent of this vegetation. Other data (particularly topography) 
in conjunction with soil landscape mapping would probably provide the best 
predictive tool in this case. Nonetheless, given the broad distribution of the three 
primary soil landscape types, it can be assumed that this vegetation type is 
relatively widely distributed in the area. Acacia rostellifera thickets are known to 
be represented in Nambung National Park and Wanagarren Nature Reserve. 

The condition of this vegetation type ranged from excellent to good, with the most 
disturbed site located adjacent to Lancelin Road. 

. 	Xanthorrhoea preissil sparse shrubland over sedges 

The area on which this vegetation type occurs is mapped as part of the Guilderton 
Vegetation System by Beard (1979) however the Xanthorrhoea shrublands are not 
specifically described. The only mention of such a vegetation type appears to be 
by Crook etal. (1984), who describe the lower drier reaches of valleys in the 
eastern portion of the Wanagarren Nature Reserve as having numerous grasstrees 
emergent over low heath vegetation. This vegetation could not be linked with any 
of the 500 groups identified by Griffin (1994), which may suggest that no, or only 
limited, floristic sampling has been conducted in this vegetation type. 

Within the survey area, this vegetation type occurred on grey sands to sandy 
barns in a broad swathe along the central portion of the Lancelin to Cervantes 
Coastal Road alignment. While some locations were swales which may become 
seasonally damp, this vegetation type also occurred on more elevated areas within 
the general broad valley landform. The soil landscape units associated with this 
vegetation type are shown below. 

Soil 
landscape 

type 

Area* of Xanthorrhoea preissii sparse shrubland 
occurring on each soil type - in ha 

(% of the total area*  of this vegetation type) 
Qu13 1201.2(82.2%) 

Qu4 154.6(10.6%) 

Qu12 88.6(6.1%) 

Qu14 17.7 (1.2%) 

Total 1462.1 

Based only on the area of vegetation mapped for the current survey. 
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This vegetation type occurred predominantly on Qul 3 (82.2% of the total mapped 
extent). Approximately 10% and 6% occurred on Qu4 and Qu12 respectively, 
while just over 1% occurred on Qu14. 

These shrublands comprised 48% of the 2488 ha of Qu13 and 64% of the 138 ha 
of Qu12 which occur within the current study area. The distribution of Qu12 and 
Qu13 would therefore seem to predict reasonably well the extent of Xanthorrhoea 
preissii sparse shrubland over sedges in the Lancelin - Cervantes area. With the 
exception of Qu12, all of the soil types are well represented in the conservation 
estate. However, it is primarily the broad valleys within these soil types that 
support this vegetation community. The extent of a combination of suitable 
topography and soil type within the conservation estate is not known. 

The dominant strata comprised sparse tall shrubs of Xanfhorrhoea preissil, 
together with occasional Acacia saligna, over an incomplete to dense cover of 
sedge-like plants (primarily Lomandra maritima, with lesser amounts of an 
unidentified small Lepidosperma species and the restio Desmocladus asper). 

This vegetation type was generally in very good condition, with the main 
disturbance being the presence of occasional introduced flora. 

B. Spearwood and Bassendean Vegetation 

Due to difficulties in linking some of the Banksia woodlands occurring at the 
boundary between the Spearwood and Bassendean Dunes to either of these two 
land systems, the vegetation types in the following discussion have only been 
separated into Spearwood or Bassendean vegetation where this could be clearly 
determined. These vegetation types fall into the Spearwood and Bassendean 
Bioregions as determined by Griffin (1998). 

Dryandra sessilis - Calothamnus quacinfidus thicket or heath (Hopkins et 
al1996   classification Zc-02a) 

This community was dominated by Allocasuarina humilis, Banksia leptophylla, 
Calothamnus quadrifidus, Dryandra sessilis and Hakea trifurcata. Scattered low 
trees of Banksia attenuata were frequently present. Areas which had been 
recently burnt supported an earlier seral stage of this vegetation type. 

This vegetation is characteristic of the Jurien Vegetation System where it occurs 
on limestone (Beard, 1979). It would incorporate groups 10/358 and 359 of Griffin 
(1994). Group 10 is described as occurring in a narrow band from just north of 
Wedge Island to Cliff Head, usually approximately 5-10 km inland from the coast. 

This vegetation is also similar to community type 24 identified by Gibson et al. 
(1994) within the southern Swan Coastal Plain, in which heathiand sites were 
dominated by Dryandra sessilis, Calothamnus quadrifidus and Schoenus 
grandiflorus. 

Within the survey area, this vegetation was characteristic of slightly deeper yellow 
soils over limestone within the Spearwood Dune system. The associated soil 
landscape units as defined by Schoknecht (1996) are given below. 

Ninety four percent of this vegetation type occurs on three soil I landscape types 
(Sp3, Sp2 and Spi). Furthermore, this vegetation type comprises 71% of the 
1,281 ha of Sp3, 56% of the 1,212 ha of Sp2, and 15% of the 1,864 ha of Spi 
occurring within the survey area. It is also worth noting that a relatively high 
proportion of Sp4 (54%) was encompassed by this vegetation type. 
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Soil 
landscape 

type 

Area* of Dryandra sessilis - Calothamnus 
quadrifidus thicket occurring on each soil type - in 

ha 
(% of the total area*  of this vegetation type) 

Sp3 908.7 (46%) 

Sp2 679 (34.4%) 

Spl 271.5 (13.7%) 

Sp4 79.8 (4%) 

Qu4 33.3(1.7%) 

Bs5 2.2 (<1%) 

Qu13 0.3 (<1%) 

Total 1974.8 

* Based only on the area of vegetation mapped for the current survey. 

The distribution of Sp3 and Sp2 in particular would therefore seem to predict the 
distribution and extent of Acacia lasiocarpa - Me!aleuca systena low heath fairly 
well. The combined coverage of these two soil types across the area mapped by 
Schoknecht (1996) is approximately 12319.3 ha. Each of these soil landscape 
types is conserved within the combined conservation estate of Nilgen Nature 
Reserve, Wanagarren Nature Reserve and Nambung National Park. 

Given the above it seems fair to assume that this vegetation type is distributed 
throughout the Spearwood Dune system of the Lancelin - Cervantes area, with a 
reasonable proportion conserved in the local Nature Reserves and National Park. 
This vegetation type is also known to be conserved in Southern Beekeeper's 
Nature Reserve. This vegetation was typically in excellent or very good condition, 
with occasional weeds and vehicle tracks representing the main disturbing factors. 

. 	Banksia woodland over heath (Hopkins eta! 1996 classification Li-09a/b) 

This vegetation type represents the dominant vegetation of the Bassendean 
Vegetation System, mapped as Banksia low woodland on white sand by Beard 
(1979). This vegetation was widespread within the Lancelin Defence Training 
Area (LDTA) and VCL in the eastern portion of survey area. It dominated the east-
west link to the Brand Highway, typically occurring on grey sand overlain by white 
sand, and continues south onto sections of the Spearwood Dunes. The associated 
landscape units are described below. 

Soil 
landscape 

type 

Area* of Banksia woodland over heath occurring 
on each soil type - in ha 

(% of the total area*  of this vegetation type) 
Spl 1522.7(48.7%) 

Bsl 455.9 (14.6%) 

Bs3 429.4 (13.7%) 

Sp2 306.8 (9.8%) 

Sp3 141.3 (4.5%) 

Bs5 117.9 (3.8%) 

Bs7 57.7(1.8%) 

Sp4 46.9 (1.5%) 

Sp7 18.5 (<1%) 

Sp5 17.6 (<1%) 

Sp6 4.6 (<1%) 

BslO 3.8(<1%) 

Ny4 3.5 (<1%) 

Tot& 3,126.6 

Based only on the area of vegetation mapped for the current survey. 

Seventy seven percent of the mapped extent of this vegetation type occurs on 
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three soil landscape types (Spi, Bsl and Bs3). Furthermore, this vegetation type 
comprises some 82% of the 1864 ha of Spi, 89% of the 512 ha of Bsl and 82% of 
the 527 of Bs3 for which vegetation mapping was conducted during this study. 
The distribution of these three soil landscape types would therefore seem to be a 
good indicator of the distribution and extent of Banksia woodland over heath. 

The combined coverage of these three soil types over the area mapped by 
Schoknecht (1996) is approximately 83,446 ha. Each of these soil landscape 
types is conserved within the combined conservation estate of Nilgen Nature 
Reserve, Wanagarren Nature Reserve and Nambung National Park, although the 
amount conserved is relatively small. This is consistent with Griffin & Keighery's 
(1989) description of Banksia woodlands on Bassendean Dunes as poorly 
represented in conservation reserves. This is somewhat offset by the fact that in 
the case of Spi, a relatively large area occurs in the LDTA. It is predominantly 
through this area of this vegetation type that the alignment passes. 

The dominant species observed within this vegetation type are relatively consistent 
with those described by Griffin & Keighery (1989) for the broad category of 
Banksia Woodland. This vegetation type appears equivalent to group 11/395 of 
Griffin (1994), in which Banksia attenuata and B. menziesii dominate, with 
Eremaea pauciflora being a common species. The broader group 11 which 
includes 395 is widespread from north of Moore River to approximately 
Arrowsmith. 

This vegetation type would also incorporate group 1/12, which is dominated by 
Hibbertia hypericoides, with Banksia attenuafa and Eucalyptus todtiana being 
common species (Griffin, 1994). Group 1 is widespread over a similar range to 
group 11. Two main variations were noted in the Banksia woodlands: 

Variant 1 Banksia woodland over Eremaea pauciflora heath 
Variant 2 Banksia woodland over Melaleuca systena heath 

lntergrade between Banksia woodlands and Dryandra sessilis - 
Calothamnus quadnfidus thickets 

This community contained a combination of features from both the Banksia 
woodland and Dryandra /Calothamnus thickets comprising a Banksia overstorey 
with understorey species which were more typical of the latter vegetation type. 
This area has therefore been designated as a mosaic, including intergrades 
between these vegetation types. The vegetation at the two sites sampled was in 
very good condition. 

The associated soil landscape units are described below. 

Soil landscape 
type 

Area*  of intergrade vegetation occurring on 
each soil type - in ha 

(% of the total area*  of this vegetation type) 
Sp3 228.9 (44.4%) 

Sp2 220.0 (42.7%) 

Spi 44.2 (8.6%) 

Sp4 22.0 (4.3%) 

Total 515.1 

Based only on the area of vegetation mapped for the current survey. 

Over 87% of the mapped extent of this vegetation type occurs on two soil 
landscape types, Sp3 and Sp2. This mirrors closely the distribution of the 
Dryandra sessilis - Calothamnus quadrifidus thicket or heath. The other 
component of the intergrade, Banksia woodland over heath, occurred 
predominantly on Spi and extended into the Bassendean System. 
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The extent of this intergrade vegetation appears to be primarily determined by the 
interface between either Sp3 or Sp2 with Spi. In the local area this intergrade 
appears to remain intact only to the east of the LDTA, south of the Mimegarra link 
road, the remainder being largely cleared for pastoral purposes. A small section 
may be conserved within Nilgen Nature Reserve at its south-eastern boundary. 

C. Wetland I Dampland Vegetation 

Several areas associated with wetlands were assessed, all of which supported 
markedly different vegetation. Griffin (1994) noted that the wetland communities of 
the northern sandp!ains between Perth and Geraldton are both highly diverse and 
poorly documented. This is highlighted by the fact that although a number of 
wetland sites were included in the analysis by Griffin, none of the vegetation types 
identified during the current survey can be clearly associated with any of the 500 
resulting vegetation groups. 

Occasional woodlands associated with drainage sumps occurred on the 
Spearwood Dunes (ie. the Tuart woodlands), however the majority were located 
within the Bassendean Dunes and thus the Bassendean Bioregion of Griffin 
(1998). Some of the wetlands occur within the Yeeramullah (South) Bioregion as 
determined by Griffin (1998) (eg. the Marri - Wandoo low forest of Cataby Creek 
which occurs on the Nylagarda System of Schoknecht (1996)). 

Marri - Wandoo low forest (Hopkins eta! 1996 classification Mi-Olc) 

A small area of this vegetation occurred in a broad and poorly defined drainage 
area which represents part of the Cataby Creek system. Cataby Creek was 
mapped as Marri I Wandoo woodland by Beard (1979). This vegetation type 
occurs relatively broadly in watercourses in the region. Within the survey area, the 
moderately dense tree cover of Corymbia calophylla and Eucalyptus wandoo 
subsp. pu!verea occurred above an open cover of low shrubs dominated by 
Grevillea vestita subsp. vestita. 

The associated soil landscape units are shown below. These form part of the 
Nylagarda System of significant alluvial deposition along major creeks 
(Schoknecht, 1996). These landscape units have a very limited distribution in the 
area and are not represented in either Nambung National Park, Wanagarren 
Nature Reserve or Nilgen Nature Reserve. 

Soil landscape 
type 

Area*  of Marri -Wandoo low forest occurring 
on each soil type - in ha 

(% of the total area* of this vegetation type) 
Ny3 36.2 (67.4%) 
Ny4 17.5 (32.6%) 

Total 53.7 

* Based only on the area of vegetation mapped for the current survey. 

This vegetation was in poor condition within the road reserve, showing extensive 
weed invasion and with some freshly cleared areas. Beyond the road reserve, this 
vegetation had been subject to intensive grazing and ranged from very poor 
condition to completely degraded. 

Tuart Eucalyptus gomphocephala woodland (Hopkins et a! 1996 
classification Mi-02a) 

This community was characterised by an open woodland of Eucalyptus 
gomphocephala over sparse trees of Banksia attenuata and B. menziesii. The 
Tuart Woodland was in good condition, showing signs of apparent grazing, being 
used for camping and featuring significant amounts of weed invasion (albeit of non-
aggressive species) adjacent to vehicle tracks. 

ecct:\thOO5571.a1\doc\rep\4thraftper.doc 	 October 2000 	 Halpern Glick Maunsell 	75 



Tuart woodlands have a very restricted distribution on the coastal plain and are of 
high conservation significance. There is a limited representation of Tuart within 
local conservation areas including Bashford Nature Reserve and Southern 
Beekeeper's Nature Reserve. Tuart woodlands were recorded at only two of the 
sites surveyed and occurred on the Spearwood Dunes. The understorey species 
present in this community at the two sites was quite different. The soil landscape 
units associated with the Tuart woodland are listed below. 

Soil 
landscape 

type 

Area* of Tuart woodland occurring on each soil 
type - in ha 

(% of the total area*  of this vegetation type) 
Sp7 13.7(62.2%) 

Sp2 5.0 (22.6%) 

Spl 1.7 (7.6%) 

Sp3 1.7 (7.6%) 

Total 22.1 

* Based only on the area of vegetation mapped for the current survey. 

Eighty nine percent of the mapped extent of this vegetation type occurs on two soil 
landscape types (Sp7 and Sp2). Twenty eight percent of the 50 ha of Sp7 mapped 
during the current study comprises Tuart woodland. In contrast, less than 1% of 
the 1211 ha of Sp2 comprises this vegetation type. 

The distribution of Sp7 seems to predict the distribution and extent of Tuart 
Eucalyptus gomphocephala woodland fairly well. The accuracy of this statement is 
in part born out by the occurrence of Tuart woodland on two other areas of Sp7 
coinciding with Bootoo Swamp and Bashford Nature Reserve. 

Eucalyptus decipiens mallee low forest (Hopkins eta! 1996 classifcation Li-
07e?) 

This vegetation occurred in a seasonal swamp along the west-east link to 
Mimegarra Road, and in patches to the southwest. The seasonal swamp lies 
within the Bassendean Soil Landscape system in an area mapped as Bsl 
(Schoknecht, 1996), while patches also occurred in the Spearwood Soil Landscape 
system. These soil landscape systems are broadly distributed in the area but have 
a very limited representation within the three local conservation estates of 
Nambung National Park, Nilgen and Wanagarren Nature Reserve (see Table 5.5). 
Note however that Sp7 comprises virtually the entire area of Bashford Nature 

Reserve. While the Eucalyptus decipiens mallee low forest may be widely 
distributed in the area, it would be restricted to suitable habitats within the broader 
soil landscapes and is therefore likely to have only a limited representation. It 
should be assumed to be very poorly conserved. Soil landscape units associated 
with Eucalyptus decipiens mallee low forest are listed below. 

Soil landscape 
type 

Area*  of Eucalyptus decipiens mallee low forest occurring 
on each soil type - in ha 

(% of the total area*  of this vegetation type) 

Spi 22.6 (37.6%) 

Sp7 17.6(29.3%) 

Bsl 9.9(16.4%) 

Bs3 6.0 (9.9%) 

BsS 4.1 (6.8%) 

Total 60.2 

* Based only on the area of vegetation mapped for the current survey. 

This vegetation occurs within the Bassendean Vegetation System of Beard (1979), 
although this specific vegetation type was neither mapped nor described 
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separately at the level of Beard's study. While it cannot be directly ascribed to any 
of the 500 vegetation groups of Griffin (1994), it would presumably be included in 
the broader group 7 of Griffin's classification. This group includes a number of 
drainage lines and winter wet depressions, including several dominated by 
Melaleuca species such as M. viminea. 

In the immediate area of the swamp, this vegetation type consisted of a moderately 
dense cover of mallee Eucalyptus decipiens above a similar cover of tall shrubs 
which was dominated by Mela!euca viminea. The sparse cover of lower shrubs 
was dominated by smaller specimens of M. viminea and also included Acacia 
puichella, Hibbertia hypericoides, H. racemosa and Melaleuca seriata. 

Patches of E. decipiens low forest also occurred to the south-west on drier areas. 
These graded into the surrounding Banksia woodland over Eremaea paucifiora 
heath and therefore supported many of the species found in this vegetation type. 

This vegetation type was in excellent condition, showing no obvious signs of 
disturbance. 

Banksia prionotes low forest I Myrtaceous thicket 

Several small patches of variable vegetation occurred along the east-west link to 
Mimegarra Road, only the larger of which were mapped. These ranged from a 
moderately dense cover of Banksia prionotes trees to a moderately dense cover of 
tall shrubs dominated by Kunzea glabrescens or Melaleuca viminea, and included 
combinations of these species. 

The vast majority of this vegetation occurred on two Bassendean soil landscape 
units, both of which are broadly distributed in the area but poorly represented 
within the three primary local conservation estates (see Table 5.5). This 
vegetation type, which has a scattered distribution within the broader soil 
landscape, should be assumed to have a relatively limited representation in the 
area and to be poorly conserved. The underlying soil landscape units associated 
with Banksia prionotes low forest I Myrtaceous thicket are listed below. 

Soil 
landscape 

type 

Area* of Banksia prionotes low forest I 
Myrtaceous thicket occurring on each soil type - 

in ha 
(% of the total area*  of this vegetation type) 

Bs3 48.5(77.3%) 

Bs5 12.7 (20.3%) 

Spi 1.6 (2.5%) 

Total 62.8 
*Based only on the area of vegetation mapped for the current survey. 

This vegetation was rated as good condition, showing scattered weeds and 
apparent grazing (probably by goats which were noted in the area). 

Flooded Gum Eucalyptus rudis woodland around dense Melaleuca 
teretifolia thicket 

This vegetation, dominated by Eucalyptus rudis around the dense thicket of 
Melaleuca teretifolia was associated with a swamp north of the proposed alignment 
along Mimegarra Road and is conserved within Nature Reserve #27993. This 
swamp was filled with water during the initial surveys, but was dry during April 
2000. Occasional mistletoes (probably Amyema species) were noted in the upper 
branches of the Eucalypts but were unable to be collected. Only scattered shrubs 
were recorded, including Acacia saligna and Melaleuca teretifolia. 
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The underlying soil landscapes are shown below. While Bs3 is broadly distributed 
in the area, Ny4 has a limited distribution. Both soil landscapes have negligible 
representation within the three primary local conservation reserves (see Table 
5.5). This vegetation type should be assumed to have a limited representation 
both within the region and within the conservation estate. 

Soil Area* of Flooded Gum woodland I Melaleuca 
landscape teretifolia thicket occurring on each soil type - in 

type ha 
(% of the total area*  of this vegetation type) 

Ny4 6.3 (61.2%) 

Bs3 4.0 (38.8%) 

Total 10.3 
*Based only on the area of vegetation mapped for the current survey. 

This vegetation was in very good condition, with minimal weed invasion in the 
fringing woodland or swamp. 

. 	Melaleuca preissiana open low woodland over Myrtaceous thickets 

This vegetation type occurred within a drainage area along Mimegarra Road. 
The underlying soil landscape units are shown below. 

Soil 
landscape 

type 

Area* of Melaleuca preissiana low woodland 
occurring on each soil type - in ha 

(% of the total area*  of this vegetation type) 
Bsl 8.5(60.7%) 

Bs3 5.5(39.3%) 

Total 14 
*Based only on the area of vegetation mapped for the current survey. 

While the broad Bassendean soil landscapes are widely distributed in the region, 
this vegetation would be restricted to suitable wetland habitat within these units, 
which has only a limited representation. Both soil landscapes are poorly 
represented in the local conservation reserves (see Table 5.5). This wetland 
vegetation type should therefore be assumed to have both a limited representation 
in the region and in the conservation estate. 

This vegetation consisted of scattered low trees of Melaleuca preissiana together 
with occasional M. rtiaphiophylla over moderately dense to dense thickets of 
myrtaceous species, primarily Beau fortia squarrosa and Melaleuca seriata. 

This vegetation was in very good condition within the road reserve. Equivalent 
vegetation in adjacent paddocks was degraded through grazing. 

Acacia saligna shrublands 

Some drainage areas adjacent to Mimegarra Road supported open to dense tall 
shrublands of Acacia saligna. No detailed survey sites were located within this 
vegetation type, hence few other species were noted. The condition of this 
vegetation is likely to be rated as good. These shrublands would be expected to 
be similar to Group G described by Griffin & Keighery (1989). 

The underlying soil landscape units are shown below. Bsl and Bs3 have a broad 
representation in the region, while Bs7 has only a limited representation. All of 
these Bassendean soil landscape units have a negligible presence in the three 
primary local conservation reserves (Nambung National Park, Nilgen Nature 
Reserve and Wanagarren Nature Reserve). This vegetation type should be 
assumed to have a limited distribution in the area and to be poorly conserved. 
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Soil 
landscape 

type 

Area* of Acacia saligna shrublands occurring on 
each soil type - in ha 

(% of the total area*  of this vegetation type) 
Bs7 47.1 (65.5%) 

Bsl 22.3(31.0%) 

Bs3 2.5 (3.5%) 

Total 71.9 
*Based only on the area of vegetation mapped for the current survey. 

. Mixed (wet) heaths 

This vegetation type occurred on grey sand along Mimegarra Road, frequently in 
areas which may be seasonally wet. This vegetation appears to be similar to the 
heath of swampy patches of the Bassendean Vegetation System described by 
Beard (1979). It also showed similarities with the lateritic heaths to the east. Wet 
heaths of the Bassendean Dunes are described as being both poorly conserved 
and poorly collected in Griffin & Keighery (1989). 

A variety of soil landscapes underlie the mapped area of this vegetation type, 
however the two dominant types are Ny4 (sandy plain with a mix of alluvial and 
eolian deposits) and Bs7 (plain, occasionally seasonally wet, and numerous sandy 
rises) (Schoknecht, 1996). Both of these soil landscapes (and hence the wet 
heaths) have a very limited representation in the local area and are not 
represented within the three primary local conservation reserves (see Table 5.5). 
Griffin & Keighery (1989) similarly describe wet heaths of the Bassendean Dunes 
as being both poorly conserved and poorly collected. 

Soil 
landscape 

type 

Area* of mixed (wet) heath occurring on each 
soil type - in ha 

(% of the total area* of this vegetation type) 
Ny4 22.6(53.1%) 

Bs7 7.6 (17.8%) 

Bs5 5.9(13.9%) 

Bsl 5.7 (13.5%) 

Bs3 0.7(1.6%) 

Total 42.5 

*Based only on the area of vegetation mapped for the current survey. 

This vegetation type comprised a dense heath which was dominated by various 
species such as Allocasuarina humilis, Banksia incana and Calothamnus 
quadrifidus or C. San guineus. This vegetation type cannot be clearly related to any 
of the 500 vegetation groups identified by Griffin (1994), however it would be 
expected to fall within the major Group 1 of that analysis. Group 1 includes a 
number of moderately drained to damp sites with Calothamnus quadrifidus, 
Verticordia densiflora and low shrubs of Banksia prevalent. 

The most western patches of this vegetation type and those within the Nature 
Reserve #27993 were in very good to excellent condition. The remainder of this 
vegetation within the road reserve was in very poor condition, having been 
extensively cleared and invaded by aggressive grass weeds. 

ecct:\thOO5571.a1\docrep\4thdraftper.d 	 October 2000 	 Halpern Glick Maunsell 	79 



Dandaragan Plateau Vegetation 

Mixed Proteaceous heath (Hopkins eta! 1996 classification Sz-03c) 

This vegetation occurred on orange sandy loam over laterite at the eastern end of 
Mimegarra Road, immediately west of the Brand Highway. This soil type is 
mapped as part of the Boothendarra System (Schoknecht, 1996). 

The primary underlying soil landscapes are part of the Boothendarra System, 
specifically Bh4 and Bh9 (Schoknecht, 1996) as listed below. 

Soil 
landscape 

type 

Area* of mixed Proteaceous heath occurring on 
each soil type - in ha 

(% of the total area*  of this vegetation type) 
Bh4 21.5 (53.1%) 

Bh9 16.9(41.5%) 

Ny3 2.2 (5.3%) 

Total 40.6 
*Based only on the area of vegetation mapped for the current survey. 

This vegetation would form part of the Boothendarra Bioregion as determined by 
Griffin (1998), which is described as being poorly documented and with few areas 
remaining uncleared, let alone conserved. 

This heath covered a short (-1.7 km) stretch and remained only within the narrow 
road reserve, the surrounding vegetation having been cleared for pasture. This 
area is within the Lesueur System vegetation type in the Irwin Botanical District. 
The dominant species recorded were similar to those identified by Griffin & 
Keighery (1989) for Laterite Heaths, particularly Group Z. 

Within the survey area, this vegetation type consisted of a dense heath which was 
not clearly dominated by any particular species, although members of the 
Proteaceae family were prominent. The Priority 3 low shrub Gre villea thyrsoides 
subsp. thyrsoides was recorded frequently along this section of Mimegarra Road, 
together with occasional patches of the Priority 4 shrub-mallee Eucalyptus 
macrocarpa subsp. elachantha. 

This heath was in very good condition within the central, intact portion of the 
remnant vegetation, showing only minimal weed invasion. Areas of heath fringing 
Mimegarra Road and pastures were impacted by weed invasion and in poor to 
very poor condition. In particular, a band of approximately 6m width had been 
cleared on the northern side of Mimegarra Road close to the Brand Highway. This 
featured only occasional shrubs within a general cover of introduced grasses. 

Miscellaneous Vegetation 

. Pasture 

Areas of pasture were common on the east-west link to Brand Highway, and also 
occurred near Duggan Well. These had been largely cleared of native vegetation 
and were dominated by introduced pasture grasses and herbs. No vegetation 
sites were located in these areas as they are completely degraded and have no 
conservation significance. 

Deaths of scattered low trees and shrubs including Banksia and Adenanthos 
species were noted at Sites 66 to 69. The cause of this is unclear, however it may 
indicate the presence of Dieback. No other evidence of ill-health was noted within 
the project area. 
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5.8.4 Flora Species 

A total of 408 taxa of vascular flora, belonging to 227 genera from 72 families, was 
recorded from the survey area. A flora species list for the study area is provided in 
Appendix C. This number included 66 introduced species. Six additional 
significant flora species which were not recorded during the field survey have been 
previously recorded from the area. These include: 

Guichenotia a/ba (an additional genus) and Anigozanthos humilis subsp. 
chrysanthus have been previously recorded from Mimegarra Road within the 
survey area, while Verticordia Iindleyi subsp. lindleyi has been recorded from 
Banksia woodland adjacent to the Mimegarra Road reserve. 

Haemodorum loratum, Jacksonia anthocs'ada and Thysanotus sp. Badingarra 
(EA Griffin 2511) were recorded from the survey area during the West 
Midlands Study. 

In total, at least 414 taxa and 228 genera have been recorded. In comparison, 232 
native and 43 introduced flora were recorded during the survey of the Coastal 
Road between Cervantes and Jurien (Ecologia, 1997). Griffin (1993) listed a total 
of 377 taxa for the area of Quindalup Dunes between the Swan and Irwin Rivers. 

The families and genera represented by the greatest number of taxa within the 
survey area are shown in Table 5.6. The dominant families and genera are typical 
of the area (see Griffin & Keighery, 1989; Griffin, 1993). Almost one third of all 
families (21) and 158 genera were represented by a single taxon only. A similar 
observation was recorded by Griffin & Keighery (1989). 

Table 5.6: 	Families and genera with the greatest number of taxa. 

Families Number of Taxa 
Myrtaceae (Eucalypts, myrtles etc.) 48 (including 4 planted) 
Proteaceae (Banksia, Hakea etc.) 37 (including 1 planted) 
Asteraceae (daisies) 33 (including 12 introduced) 
Poaceae (grasses) 27 (including 15 introduced) 
Papilionaceae (peas) 24 (including 1 introduced) 
Cyperaceae (sedges) 23 
Haemodoraceae (Kangaroo paws etc.) 16 
Epacridaceae (heaths) 14 

Mimosaceae (wattles) 14 
Genera Number of Taxa 
Acacia (wattles) 14 
Hakea 12 

Melafeuca (paperbarks, tea-trees etc.) 11 (including 1 introduced) 
Eucalyptus 10 (including 2 planted) 
Schoenus(sedges) 10 

Patterns of floristic richness are shown in Table 5.7 for four major vegetation 
elements: Quindalup Dunes, Spearwood and Bassendean Dunes combined, 
Wetlands and Dandaragan Plateau (lateritic heath). It is clear that the Quindalup 
vegetation is relatively depauperate compared to the other vegetation types. The 
sampling intensity in this vegetation group was at least double that of the 
Spearwood I Bassendean and Wetlands groups, yet fewer or similar numbers of 
native taxa were recorded. 

The higher number of weed species recorded from the Quindalup vegetation is 
primarily a reflection of the level of weed invasion around the Wedge and Grey 
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squatter settlements (Halpern Glick Maunsell, 2000b). The relatively large number 
of species recorded from the Wetlands (given the small number of survey sites) is 
a reflection of the variability of the vegetation types occurring within this complex. 
The section of lateritic heath near Brand Highway supported the greatest number 
of threatened flora, which is particularly significant given the very small size of the 
remnant sampled. 

Table 5.7: 	Floristic richness values for four broad vegetation groups. 

Quindalup Spearwood I Wetlands Dandaragan 
Bassendean Plateau 

No. sites 69 34 12 2 
Number of taxa 
- Natives 150 193 149 64 
- Threatened flora 4 5 0 8 
- Weeds 53 15 15 5 
No. taxa recorded 
only from this group: 
- Natives 68 71 46 20 
- Threatened flora 4 4 0 7 
-Weeds 38 5 5 0 

5.9 	Threatened Flora 

While all native flora are protected under the Wildlife Conservation Act 1950-1979, 
a number of plant species are assigned an additional level of conservation 
significance based on the limited number of known populations and the perceived 
threats to these locations (Table 5.8). Species of the highest conservation 
significance are designated Declared Rare Flora, either extant or presumed 
extinct. Species which appear to be rare or threatened, but for which there is 
insufficient information to properly evaluate their conservation significance, are 
assigned to one of four Priority flora categories. 

Table 5.8: 	Categories of conservation significance for flora species 
(Atkins, 1999). 

Declared Rare Flora - Extant Taxa. Taxa which have been adequately searched for and 
are deemed to be in the wild either rare, in danger of extinction or otherwise in need of 
special protection. 

Declared Rare Flora - Presumed Extinct. Taxa which have not been collected, or 
otherwise verified, over the past 50 years despite thorough searching, or of which all 
known wild populations have been destroyed more recently. 

Priority I - Poorly Known Taxa. Taxa which are known from one or a few (generally <5) 
populations which are under threat. 

Priority 2 - Poorly Known Taxa. Taxa which are known from one or a few (generally <5) 
populations, at least some of which are not believed to be under immediate threat. 

Priority 3 - Poorly Known Taxa. Taxa which are known from several populations, and the 
taxa are not believed to be under immediate threat. 

Priority 4 - Rare Taxa. Taxa which are considered to have been adequately surveyed and 
which whilst being rare (in Australia), are not currently threatened by any identifiable 
factors. 

A search of CALM's Threatened Flora database and WA Herbarium Specimen 
database was conducted for a rectangular area with corner points S 31° 10', E 
1150 40' and S30° 25', E 115° 02'. Additional threatened flora locations identified 
for the area through the West Midlands Study were obtained from Ted Griffin. The 
coordinates of all populations identified through the database search and the West 
Midlands Study were overlain on a map showing the alignment for the proposed 
road. This process identified two DRF and 21 Priority species as having been 
recorded from a 1 km band on either side of the proposed alignment (ie 500 
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metres to either side of the area surveyed for flora). However, the actual locations 
of one DRF species and six Priority flora species in reality (due to error in 
recording co-ordinates) occur beyond the area. 

In total, one DRF and 15 Priority species do, or may occur within the survey area. 
A description of these species and an indication of their occurrence within the 
study area is provided below and their recorded location shown on Figure 5.10. 

Anigozanthos humilis subsp. chrysanthus 	DRF 
A population of this species has been recorded along Mimegarra Road, just 
east of the Cataby Creek crossing. No sign of this species was found during 
the field surveys. A large section of the road verge in this area had been 
freshly disturbed, apparently by a grader or similar, and it is possible that this 
population no longer exists. It appears that no populations of this species 
were recorded during the West Midlands Study. 

Thysanotus sp. Badgingasra (EA Griffin 2511) Priority 2 
This inconspicuous herb was not recorded during the current field survey, but 
was collected from lateritic heath along Brand Highway (south of the 
Mimegarra Road intersection) during the West Midlands Study. While this 
population will not be impacted by the proposed development, it is possible 
that this herb may occur elsewhere within the survey area. It is not clear 
whether any further populations were recorded for the region during the West 
Midlands Study. 

Tricoryne robusta 	 Priority 2 
This inconspicuous species has a relatively restricted distribution in the Jurien 
- Cataby area. This species was recorded along the preferred road alignment 
in Banksia woodland just north of the Nilgen Nature Reserve, and was also 
recorded from the lateritic heath along Mimegarra Road. Only scattered 
individuals were recorded (eg. six along the road verge on Mimegarra Road). 
Two additional local populations have been recorded from Banksia woodland 
along Mimegarra Road, one which occurs well south of the proposed link road 
alignment. The West Midlands Study recorded an additional population of this 
species for the region. 

Conostylis pauciflora subsp. eu,yrhipis 	Priority 3 
This species has a distribution restricted to the Quindalup Dunes between 
Yalgorup and Lancelin. Specimens which appear to represent this species 
were recorded from five of the flora survey sites located near the southern end 
of the proposed alignment. Note that the identifications of these specimens 
remain to be confirmed. If the L3 Option is pursued as the preferred 
alignment, then three of these populations will be located beyond the 
development area. Two additional local populations are known from south of 
the Lancelin Road, and two further populations were recorded beyond the 
survey area during the West Midlands Study. 

Gre villea thyrsoides subsp. thyrsoides 	 Priority 3 
The distribution of this species ranges from Jurien inland to Dandaragan and 
north to Badgingarra. This distinctive low shrub with grey leaves was recorded 
only from the lateritic heath within the road reserve at the eastern end of 
Mimegarra Road (Site 31), occurring as scattered but relatively numerous 
individuals. A total of 57 individuals were recorded from the road reserve on 
the southern side of the road, while only seven individuals were noted on the 
northern side. If possible, any clearing in this area should preferentially occur 
on the northern side of Mimegarra Road. A small number of these individuals 
occurred immediately adjacent to existing cleared areas and would be 
impacted by any widening of the road. No additional populations of this 
species were identified for the region during the West Midlands Study. 
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Guichenotia alba 	 Priority 3 
While not recorded during the field survey, this species has been previously 
collected from the lateritic heath at a point 1 km west of Brand Highway. (Note 
that the coordinates for this point in the WA Herbarium Specimen database are 
not accurate.) Records of Guichenotia a/ba range from Eneabba inland to 
Three Springs and south to Cataby. No populations were identified during the 
West Midlands Study. 

Haemodorum loratum 	 Priority 3 
This herbaceous species was not recorded during the current field survey, but 
was collected from a single site within the area during the West Midlands 
Study. This site was located within the Bassendean Dunes, occurring along 
the formed section of Mimegarra Road. Six additional populations were 
recorded during the West Midlands Study. Records of this species are 
distributed from Eneabba to Perth. 

Haloragis foliosa 	 Priority 3 
H. foliosa has a known distribution extending from Dongara inland to 
Winchester and south to the Southern Beekeeper's Reserve, just north of 
Cervantes. Specimens which may represent the Priority 3 species Haloragis 
foliosa were collected during the initial field survey. The original specimens 
were entirely sterile and could not be identified to specific level, but appeared 
superficially similar to H. foliosa. Flowering and fruiting specimens were 
obtained during further collecting in January 2000. These have been sent to 
the recognised specialist on this genus (Dr. Tony Orchard, ABRS) for 
confirmation, the results of which are still pending. However, given that 
confirmed records of H. foliosa are now known from the local area (obtained 
during the West Midlands Study), the initial identification of this species is 
almost certainly correct. 

This species was common in the areas of Xanthorrhoea shrubland, providing 
an open cover at Site 2 and occurring as scattered individuals at Sites 29 & 90. 
Further opportunistic collections were made both in the immediate area, and in 
similar habitat within the LDTA, well beyond the proposed alignment. Two 
populations were identified within the survey area during the West Midlands 
Study and an additional five were located within the region. It is likely that this 
species occurs broadly within the Xanthorrhoea shrublands, and the 
population through which the alignment runs is extensive, representing several 
hundreds - if not thousands - of individuals. The area of this population is 
estimated to be at least 500 ha. Construction of an 8.9 km length of road 
through this area would not be expected to have a significant impact on the 
conservation status of this species. 

Hibbertia spicata subsp. leptotheca 	 Priority 3 
Similar to Conostylis pauciflora subsp. euryrhipis, this species is restricted to 
the Quindalup Dunes between Yalgorup and Lancelin. One population of this 
species was recorded near the sewage pond towards the southern end of the 
L3 Option. Numerous individuals were noted at this site (eg. 30 individuals 
counted in a representative 10 x 10 m area). Eight additional local populations 
are known from the combination of CALM, WA Herbarium and West Midlands 
Study records. The latter study identified one further population for the region. 

Jacksonia anthoclada ms. 	 Priority 3 
This species was recorded from a single site in the southeastern corner of the 
Nilgen Nature Reserve during the West Midlands Study. It was not collected 
during the current field survey. At least three additional populations were 
identified for the region through the West Midlands Study. 
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Leucopogon oliganthus 	 Priority 3 
A single specimen of this species was recorded from the lateritic heath 
vegetation west of Brand Highway. L. oliganthus has been recorded from the 
Moora - Dandaragan area and is conserved within the Moore River National 
Park. The West Midlands Study identified six populations of this species 
within the region. 

Nemcia axillaris 	 Priority 3 
Nemcia axillaris has a relatively broad distribution, extending from Mt. Lesueur 
inland to Moora and south to Wanneroo. This species was recorded from the 
lateritic heath near Brand Highway. Thirty three individuals were recorded on 
the southern side of Mimegarra Road, while 26 individuals were noted along 
the northern side. Another population was recorded during the West Midlands 
Study from the junction of the Mimegarra link road alignment with the formed 
sections of Mimegarra Road. This study identified a further four populations of 
N. axillaris for the region. 

Stylidium diuroides subsp. paucifoliatum 	Priority 3 
This small herbaceous species is known from locations including Strawberry 
and Mt. Lesueur. It was recorded as scattered individuals from four of the flora 
survey sites. These were located primarily on the Spearwood Dunes, either 
within Banksia woodlands or the intergrade between these woodlands and the 
Diyandra sessilis - Calothamnus quadrifidus thickets. It appears that no 
populations of this species were identified during the West Midlands Study. 

Stylidium maritimum 	 Priority 3 
This species is known from a number of populations within coastal environs 
from Yalgorup to north of Lancelin. This species was recorded from six of the 
flora survey sites, and from a further three opportunistic records. While it 
generally occurred as scattered individuals, the population at Site 84 was 
particularly dense, with 40 individuals counted in a representative 5 x 5 m 
area. This area is west of the proposed road alignments and will not be 
impacted. A further local population is known to occur in the Grey settlement 
area from CALM's records. No additional populations were identified within 
the study area during the West Midlands Study, however six populations of this 
species were recorded in the region. 

Eucalyptus macrocarpa subsp. elachantha 	Priority 4 
This species has an inland distribution ranging from Mt. Homer (north of 
Dongara) to Yandin Hill (near Cataby). This distinctive shrubby Eucalypt with 
grey foliage occurred as scattered individuals within the lateritic heath at the 
eastern end of Mimegarra Road (eg. Site 31), and also occurs along Brand 
Highway to the north and south. A total of 29 individuals was recorded within 
the road reserve, none of which would be directly impacted by a minor 
widening of the existing road. 

Verticordia lindleyl subsp. lindleyi 	 Priority 4 
This species has a distribution from Forrestdale to the Moore River area, and 
has been recorded from Banksia woodland within Nature Reserve # 27993. It 
was not recorded during the field survey of the road reserve area. The Nature 
Reserve will not be impacted by widening of the road, hence the conservation 
status of this species will not be affected by the proposal. One population of this 
species was recorded during the West Midlands Study. 

A number of additional threatened flora populations which would lie within the 1 km 
band on either side of the proposed road alignment based on their recorded 
latitude and longitude, but which may be inaccurate are: 

Eleocharis keigheryi 	 Declared Rare Flora 
This rare sedge species has a relatively broad distribution extending from 
Boyanup to Lesueur. It has been recorded from Cataby Creek where it 

ecct:\thQO5571.a1doc\fep\4thdraftper.oc 	 October 2000 	 Halpern Glick Maunsell 	86 



crosses the Brand Highway. An additional population plots out within the 
disturbed area of Cataby Creek on Mimegarra Road, however the coordinates 
for this population were demonstrated to be incorrect (Michael Meffert, Rare 
Flora Technical Officer, CALM Como, pers. comm.). 

According to Mr. Greg Keighery of CALM Woodvale, this species occurs on heavy 
clay soils in incised creekllnes and prefers lengthy periods of inundation (G. 
Keighery, pers. comm.). It was not recorded within the Mimegarra Road Cataby 
Creek crossing during the field surveys and is unlikely to occur there given the 
poorly defined nature of the creek at this point. 

Other known populations of the Priority 3 Acacia plicata, Beau fortia 
eriocephala, Hypocalymma tetraptervm and Lepidobo/us quadratus, and 
Priority 4 Dryandra sclerophyl!a and Gre villea drummondii can similarly be 
discounted as the co-ordinates are not precise and do not agree with the 
described collection localities. The written locations generally place these 
species north of Mimegarra Road at the Brand Highway Cataby Creek 
crossing, or on the east side of Brand Highway which will be unaffected by the 
proposed development. 

Two additional species which were unable to be positively identified have been 
designated as Flora of Interest: 

Astroloma sp. 	 Flora of Interest 
A specimen of Astroloma was recorded from Jacksonia calcicola heath near 
Ocean Farms Estate. This specimen looks superficially similar to Astroloma sp. 
Cataby which is a Priority 4 species, however the identity has yet to be 
confirmed. 

Hypocalymma sp. 	 Flora of Interest 
A sterile specimen which appears to be a species of Hypocalymma was 
recorded near Cataby Creek along Mimegarra Road. Given the presence of 
the Priority 3 Hypocalymma tetrapterum in the area, this species has been 
highlighted as being of potential conservation significance. A positive 
identification of this specimen is unlikely given the sterile condition of the 
material. 

5.10 Weeds and Dieback 

5.10.1 Weeds 

A total of 66 introduced flora taxa (belonging to 58 genera from 25 families) was 
recorded from the survey area, including two varieties of Pimpernel *Anagallis  
arvensis (see Halpern Glick Maunsell, 2000a for a full tabulation). This tally 
compares to 64 species recorded from the central coast including 15 in Nambung 
National Park, 8 in Wanagarren Nature Reserve and 18 in Nilgen Nature Reserve 
(CALM 1 998a). Note that pasture areas were not surveyed and would contain a 
number of additional weeds. 

The most frequently recorded weed species were Dune onion weed *Trachyandra  
divaricata, Ursinia *Ursinia  anthemoides and *Orobanche  minor. Twenty six 
introduced flora were not recorded at any of the flora survey sites; the majority of 
these records resulted from opportunistic collections within the Wedge and Grey 
settlement areas. 

None of the species recorded are Declared Noxious weeds under the Agriculture 
Western Australia listing or are listed as Declared Weeds for the region, although 
some (eg. Apple of Sodom & Geraldton carnation weed) are declared elsewhere in 
the State (Agriculture Protection Board, 1999). 

ecc:\thOO5571.a1doc\rep\4thraftperdoc 	 October 2000 	 Halpern Glick Maunsell 	87 



Paterson's Curse *Echium plan tagineum was not recorded within the survey area 
but was observed in the LDTA along the main access road between Lancelin and 
Wedge Island (M. Maier, pers. obs.). This species is not a declared weed for the 
Shires of Dandaragan & Gingin, although it is declared for parts of the municipal 
districts of Carnamah and Coorow to the north (Agriculture Protection Board, 
1999). 

On the whole, the survey area showed a low level of weed invasion. Fifty five 
(47%) of the 117 quadrats assessed did not contain any introduced flora, and a 
further 21 sites supported only one introduced species. Along the immediate road 
alignment, the majority of weeds were recorded from the verges of roads and 
tracks, or where there had been other physical disturbance. 

The largest weed infestations and the most aggressive species recorded were 
associated with the squatter settlements at Wedge and Grey (see HGM, 2000b). 
Areas immediately adjacent to the squatter shacks were typically bare of native 
vegetation. The majority of introduced perennial flora were located within these 
degraded areas and included tree plantings of Tamarisk Tamarix aphylla, mallee 
Eucalyptus utilis, an unidentified tree-form Eucalypt, Peppermint Agonis flexuosa, 
Norfolk Island Pine Araucaria heterophylla, Rottnest Island Pine Callitris preissii 
and Beach Sheoak Casuarina equisefifolia. Shrubs of Century plant Agave 
americana, Rottnest teatree Melaleuca lanceolata and an unidentified Grevillea 
have also been planted. None of these species would be expected to spread far 
from the immediate settlement areas. 

Several perennial grasses and sedges were also recorded from the settlements. 
Of these, Pyp grass *Ehrhaa  viiosa and Sharp rush *Juncus  acutus represent 
significant threats to the vegetation. Both of these species were only recorded 
from Wedge. A list of the weed species recorded in the study area is provided in 
Appendix C. 

5.10.2 Dieback (Phytophthora sp.) 

Dieback (a fungal disease caused by Phytophthora species) is known to be 
present in the Lancelin - Cervantes area. It has been recorded from the 
northeastern section of Nambung National Park, west of the Brand Highway near 
Badgingarra National Park, and within Namming Nature Reserve (between Nilgen 
Nature Reserve and the Brand Highway) (Hill, 1990). In all the sites north of 
Moore River in which dieback was found, this disease was consistently associated 
with seasonally wet conditions. However, the author warned that it could not be 
assumed that the disease would continue to be confined to these areas in future, 
particularly since it had been observed to spread from a wet location upwards into 
surrounding Banksia woodlands. 

Species which are susceptible to Dieback and make up an important component of 
vegetation in the survey area include Banksia attenuata, B. menziesii, B. 
sphaerocarpa group, Eremaea pauciflora and E. asterocarpa, Eucalyptus todtiana, 
Hibbertia hypericoides, Verticordia densiflora and Xanthorrhoea preissii (Hill, 
1990). It is clear that Dieback infections could seriously impact the Banksia 
woodlands and heaths of the eastern portion of the survey area. Dieback would 
not be expected to affect the coastal heaths of the Quindalup System since: 

. 	this vegetation contains few susceptible species; and 

the fungal pathogen is typically suppressed in the calcareous unconsolidated 
sands of these areas (CALM, 1999). 

Some evidence of vegetation affected by Dieback or Armillaria was observed 
along the alignment in the vicinity of Ocean Farms Estate and along the Mimegarra 
Road. Possible evidence of dieback was noted at some sites in the Banksia 
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woodlands, however testing or specialist interpretation would be required to 
conclusively demonstrate the presence of the disease. 

5.10.3 Armillaria 

Armillaria luteobubailna has been recorded from both the Wedge and Grey 
squatter.  settlements (CALM, 1998a). This is an indigenous species of fungi which 
in the project area is known to affect species of Proteaceae, Myrtaceae, 
Papilionaceae, Epacridaceae and Mimosaceae in the coastal vegetation of the 
Quindalup and Spearwood Dune Systems (Shearer, 1994 in CALM, 1998a). This 
disease can produce similar symptoms to Dieback and would primarily affect 
coastal vegetation in the area. Some dead individuals of Acacia cyclops and A. 
truncata were noted at Site 103, which may be a result of Armillaria infection. 

5.11 Terrestrial Fauna 

5.11.1 Survey Methodology 

A vertebrate survey of the project area was undertaken between the I 81  and 24"  

of October 1999 with seasonal work undertaken between the 2711  March and 5th  of 
April 2000. An additional site visit was made on the 1 6th  of January 2000 to assess 
revised options for the east-west link to the Brand Highway. The work 
supplements existing surveys and reporting for the region. 

The fauna survey's comprised both systematic and non-systematic approaches. 
The survey methodology and results are detailed in a stand alone biological survey 
report prepared for the project (HGM, 2000a). However, a summary of the survey 
and its findings are provided in the following sections. 

5.11.2 Fauna Sampling Methodology 

Systematic Censusing 

The central component of the systematic censusing consisted of a number of 
intensive trapping grids, each located at a specific survey site within a defined 
habitat. Each trapping grid consisted of a row of five pitfall traps, spaced at lOm 
intervals and connected with a single length of flywire, and 20 Elliott box traps 
arranged in two lines of 10 traps Elliott traps were generally spaced 10 m apart, 
however the spacing at each site varied according to the distribution of 
microhabitats. Traps were baited with a mixture of rolled oats and peanut butter, 
and each site and trap was assigned a unique reference number. 

Traps were checked daily, with vertebrates identified at the point of capture and 
released. Voucher specimens of each species were lodged with the Museum of 
Western Australia for confirmation of field identifications. 

Fauna survey sites were selected so that they: 

sampled a representative set of the fauna habitats/community types identified 
within the project area; and 

sampled across the geographic extent of the project area. 

In this way, the trapping grids: 

provided an indication of those species likely to be impacted by the proposal; 
and 

highlighted areas of particular conservation significance. 

For each survey site, spatial co-ordinates were obtained using a hand-held GPS 
(using the Australian Geod '84 datum, typically to an accuracy of less than 20 m). 
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A number of parameters were recorded including the broad soil type, dominant 
vegetation type, landform and level of disturbance. 

The systematic trapping grids were established over the first three days of the 
survey period. Grids were generally shut down after five nights of trapping, with 
the exception of Site 5, which was closed after six nights (Table 5.9). Non-
systematic information was recorded throughout the survey period. 

Phase I 
Six trapping grids were established (Sites 1-6). The traps at Sites 1-4 and 6 were 
open for five consecutive nights while those at Site 5 were open for six consecutive 
nights. The total trapping effort across the grids for this survey was equivalent to 
780 trap nights, comprising 620 Elliott and 160 pit trap nights. 

Phase 2 
During Phase 2, the same six sites established during Phase 1 were re-trapped 
and in addition, a further four sites (15, 37, 38 and 91) were established. Trapping 
occurred across 5-7 consecutive nights for Elliotts and/or cages and 6-9 
consecutive nights for pitfalls. The total trapping effort across all grids for this 
survey was equivalent to 1633 trap nights, comprising 1120 Elliott, 114 cage and 
300 pit trap nights. 

Table 5.9: Trapping effort at each of the survey sites during Phase I and Phase 2. 

Parameter Site 
1 2 3 4 5 6 15 37 38 91 Total 

Phase I 
- No. Elliott traps 20 20 20 20 20 20 120 
- No. Pit traps 5 5 5 6 5 5 31 
- Trap Nights - Elliotts and Pits 5 5 5 5 6 5 31 
Elliott Trap Effort 100 100 100 100 120 100 620 
Pit Trap Effort 25 25 25 30 30 25 160 

Phase 2 
- No. Elliott traps 20 20 20 20 20 20 20 20 20 0 180 
-No.Cagetraps 0 0 0 4 4 4 2 4 0 0 18 
-No.Pittraps 5 5 5 6 5 5 5 5 5 5 51 
- Trap Nights - Elliotts and Cages 6 6 6 7 6 6 5 7 7 0 56 
- Trap Nights - Pit traps 7 8 6 9 8 8 7 9 9 7 78 
Elliott Trap Effort 120 120 120 140 120 120 100 140 140 0 1120 
Cage Trap Effort 0 0 0 28 24 24 10 28 0 0 114. 
Pit Trap Effort 1 	35 40 30 54 40 40 35 45 45 35 399 

Avifauna Sampling 

Avifauna censusing was undertaken during the field survey in conjunction with 
clearing of traps and opportunistic searches for ground vertebrates. A total of 25 
censuses across 18 sites was conducted during the October 1999 survey, whilst a 
further five censuses at five sites were conducted on the 1 6th  January 2000. 
Censusing was repeated at the systematic survey sites. Thirty nine sites were 
censused during the second phase of the survey in March/April 2000. 

Non-systematic Censusing 

A range of non-systematic fauna survey activities was undertaken by the survey 
team to groundtruth the remainder of the study area and provide a general 
coverage of the survey area. These included: 

Searching of microhabitats for reptile, frog and small mammal species. 
Approximately two to three person hours were spent within each habitat on this 
activity; 
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Habitat specific searches for Scheduled fauna species; 

Opportunistic sightings and records; 

Identification of road kills and animal remains; 

Recording and identification of secondary signs including tracks, scats and 
diggings; and 

Fauna habitat type assessment and broad scale mapping. 

5.11.3 Fauna Habitats 

Three primary soil/landform units dominate the project area: these are the 
Quindalup Dunes, Spearwood Dunes and Bassendean Dunes. At the eastern 
most point of the Mimegarra Road link, the alignment also traverses habitats 
associated with the Dandaragan Plateau. The following fauna habitats were 
identified within the survey area: 

Quindalup Dunes: 
Beach 
Foredune, secondary dunes and trailing arms of parabolics. lnterdunes 
vegetated with dense thickets of Acacia species and/or Allocasuarina 
Limestone outcrops with shallow calcareous sands 
Xanthorrhoea preissii sparse shru bland 

2. Spearwood Dunes 
a) 	Dunes of lithified limestone overlain with yellow and brown siliceous 

sands of varying thickness vegetated with: 
Heaths and shrublands on Spearwood Dunes 
Open Banksia Woodland on Spearwood Dunes 

b) 	Depression Area, duplex soils: 
i) Tuart Woodland 

Bassendean Dunes 
Banksia Woodland on Bassendean Dunes 
Wetlands in the coastal backplain comprising: 
Seasonal swamp 
Damplands vegetated with heaths and thickets 
Damplands vegetated with Eucalypt woodlands 

4. Dandaragan Plateau 
Laterite Heath 
Cataby Creek 

5. Modified Habitat 
Sewage Pond (located near Lancelin). 
Dams in Pasture 

The habitat descriptions are intended as a guide to the types generally recognised 
as occurring in the region. It represents a compromise between the vegetation 
descriptions of this study and the soil landscape mapping. 

The habitat units provide a convenient mechanism by which to describe the 
potential occurrence and expected distribution of species within the project area. 
However, expected species lists generated on the basis of these habitat types 
must recognise that the habitat requirements of many species are not well 
understood and that many species occupy microhabitats provided by plants or 
animals. 
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5.11.4 Fauna Species 

A list of the fauna species recorded in the study area is provided in Appendix D 
however an outline of the findings is provided below. 

. Native Mammals 

The recent surveys recorded seven species of native mammals from six families 
(Halpern Glick Maunsell, 2000a). These include; Echidna Tachyglossus 
aculeatus, Fat-tailed Dunnart Sminthopsis crassicaudata, Honey Possum Tarsipes 
rostratus, Western Grey Kangaroo Macropus fuliginosus, Ash Grey Mouse 
Pseudomys albocinereus, Western Bush Rat Rattus fuscipes, Gould's wattled Bat 
Chalinolobus gouldii. All of the species have previously been recorded in the 
coastal region between Lancelin and Green Head and most have been recorded 
from nearby conservation reserves. 

Although not recorded during the recent studies, the following additional native 
mammal species are known to occur in the region. These include: Western Brush 
Wallaby Macropus irma, Chocolate Wattled Bat Chalinolobus mono, Southern 
Forest Bat Vespadelus regulus, Lesser Long-eared Bat Nyctophilus geoffroyi, 
White-striped Freetail Bat Nyctinomus australis and Sminthopsis sp. 

Introduced Mammal Species 

The survey recorded seven species of introduced mammals including the 
Sheep Ovis anes, Goats Capra hircu, Dog Canis lupus, Fox Vulpes vulpes, Cat 
Fells Catus, Rabbit Oryctolagus cuniculus and the House Mouse Mus musculus. 

Control of many of these species is effected through baiting and trapping 
programmes. Opportunistic shooting of some species is also undertaken (CALM, 
1 998a). 

Avifauna 

The initial surveys (October 1999 and January 2000) recorded 70 species of birds 
from 27 families, including 28 non-passerines and 42 passerines. The March I 
April 2000 survey recorded 74 species from 31 families, comprising equal numbers 
of non-passerines and passerines. In total, 97 species from 38 families (including 
51 non-passerines and 46 passerines) have been recorded from the project area. 
A list of the bird species recorded in the study area is provided in Appendix D. 

None of the species recorded during the current surveys are outside of their 
expected range. A complete annotated list of the bird species recorded, numbers 
of individuals, habitat types and other notes is provided in Halpern Glick Maunsell 
(2000a). 

During the second phase of the biological survey work, a total of 97 species of 
birds were recorded. In comparison, 37 species were recorded during the 
biological survey of the Coastal Road Jurien to Green Head (Ecologia, 1994), 44 
species were recorded during the biological survey for the Coastal Road 
Cervantes to Jurien Rd (Ecologia, 1997), 56 species were recorded from the 
Southern Beekeeper's Reserve (Burbidge & Boscacci, 1989) and 146 species 
were recorded from the Cockleshell Gully Reserve and adjacent areas (Dell & 
Chapman, 1977). Differences in species richness values relate in part to the size 
of the surveyed area, the number of habitats and survey effort. 

Based on these surveys, a combined total of 163 species of bird comprising 107 
non-passerines and 56 passerines has been recorded in the locality. The Lancelin 
- Cervantes survey recorded 47% of the total number of non-passerines and 82% 
of the total number of passerines represented on this combined species list. 
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Some species within the project area have a relatively limited distribution. The 
northern sub-species of the Western Long-billed Corella is restricted to an area 
comprising the semi-arid south-west (as far north as Dongara), and the central and 
western Wheatbelt. Its range is extending in the Wheatbelt. Carnaby's Cockatoo 
is considered threatened (see Section 5.5). Both these species were recorded 
from the Eucalyptus wandoo subsp. pulverea low forest where Mimegarra Road 
crosses Cataby Creek. Both species are known to use this Eucalypt species for 
nesting, although no evidence of nesting behavior was noted at this site during the 
surveys. 

Two introduced bird species were recorded during the recent survey, the Laughing 
Kookaburra Dacelo novaeguineae and Laughing Turtle-dove Streptopelia 
senegalensis ( see above). One additional species, the Rock Dove Columba ilvia, 
has been recorded in Nambung National Park and nearby Nature Reserves 
(CALM, 1998a). 

Herpetofauna 

One frog and 33 reptiles were recorded from the project area during the current 
study. A list of these species is provided in Appendix D. The reptiles comprised 
two geckos, one turtle, six pygopodids, two agamids, one varanid, 10 skinks, eight 
elapid snakes, two pythons and one blind snake (common names after Cogger, 
1996 or Bush etal., 1995). A complete annotated list is supplied in Halpern Glick 
Maunsell (2000a). 

A search of the Museum's fauna record database for an area bounded by 30°S 
(Northern Latitude), 31 .25°S (Southern Latitude) 11 5.25°E (Western Latitude) and 
115.41 66°E (Eastern Latitude) yielded 44 taxa, comprising six frogs, two agamids, 
seven pygopodids, four geckos, 14 skinks, eight elapids, one Hydrophiidae, one 
Boidae and one Typhlopidae. No published data could be located for the Nilgen or 
Wanagarren Nature Reserves or the Nambung National Park. 

Ten species recorded during the recent fauna survey (HGM, 2000a) are in addition 
to the combined herpetofauna list for Cockleshell Gully and Southern Beekeeper's 
Reserves (Chapman and Kitchener, 1977). These include Chelonia mydas, 
Aprasia repens, Pie tholax g. grad/is, Lerista elegans, Lerista lineopunctulata, 
Parasuta nigriceps, Pseudonaja affinis, Nee/aps calonotus, Simose!aps fasciolatus 
and More/ia spilota imbricata (recorded from anecdotal evidence). Suitable habitat 
for each of these species with the exception of Chelonia mydas is found in both 
Reserves. Five species are additional to those listed on the Museum database 
including Chelonia mydas, Lerista elegans, Parasuta gouldii, Parasuta nigriceps 
and Antaresia stimsoni (HGM, 2000a). The Coastal Road Lancelin - Cervantes 
survey recorded 53 % of the total number of herpetofauna that are known to occur 
in the region. 

5.12 Threatened Fauna 

Native fauna species which are rare, threatened with extinction or have high 
conservation value are specially protected by law under the Western Australian 
Wildlife Conservation Act 1950. In addition, some species of fauna are covered 
under the 1991 ANZECC convention, while certain birds are listed under the Japan 
& Australia Migratory Bird Agreement (JAMBA) and the China & Australia 
Migratory Bird Agreement (CAMBA). 

Classification of rare and endangered fauna under the Wildlife Conservation 
(Specially Protected Fauna) Notice 1998 recognises four distinct schedules of 
taxa: 

Schedule 1 taxa are fauna which are rare or likely to become extinct and are 
declared to be fauna in need of special protection; 
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Schedule 2 taxa are fauna which are presumed to be extinct and are declared 
to be fauna in need of special protection; 

Schedule 3 taxa are birds which are subject to an agreement between the 
governments of Australia and Japan relating to the protection of migratory 
birds and birds in danger of extinction, which are declared to be fauna in need 
of special protection; and 

Schedule 4 taxa are fauna that are in need of special protection, otherwise 
than for the reasons mentioned in (1), (2) and (3) above. 

In addition to the above classification, fauna are also classified under four different 
Priority codes: 

Priority One Taxa with few, poorly known populations on threatened lands. 

Taxa which are known from few specimens or sight records from one or a few 
localities on lands not managed for conservation. The taxon needs urgent 
survey and evaluation of conservation status before consideration can be 
given to declaration as threatened fauna. 

Priority Two 	Taxa with few, poorly known populations on conservation 
lands, or taxa with several, poorly known populations not on conservation 
lands. 

Taxa which are known from few specimens or sight records from one or a few 
localities on lands not under immediate threat of habitat destruction or 
degradation. The taxon needs urgent survey and evaluation of conservation 
status before consideration can be given to declaration as threatened fauna. 

Priority Three 	Taxa with several, poorly known populations, some on 
conservation lands. 

Taxa which are known from few specimens or sight records from several 
localities, some of which are on lands not under immediate threat of habitat 
destruction or degradation. The taxon needs urgent survey and evaluation of 
conservation status before consideration can be given to declaration as 
threatened fauna. 

Priority Four 	Taxa in need of monitoring. 

Taxa which are considered to have been adequately surveyed or for which 
sufficient knowledge is available and which are considered not currently 
threatened or in need of special protection, but could be if present 
circumstances change. These taxa are usually represented on conservation 
lands. Taxa which are declining significantly but are not yet threatened. 

Two Schedule listed fauna were recorded from project area, the Short Billed 
Cockatoo (Carnaby's Cockatoo) Calyptorhynchus latirostris and the Carpet Python 
More/ia spilota imbricata. A search of the CALM Schedule and Priority Fauna 
database for species potentially occurring in the area yielded the following results. 

Schedule 1 

Chuditch Dasyurusgeoffroii 
There is some suggestion that this species may persist in the northern sandplain. 

Malleefowl Leipoa ocellata 
Johnstone & Storr (1998) indicate that this species was formerly known from the 
Swan Coastal Plain at Beemullah (approximately 70 km south-east of Lancelin). 
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Carnaby's Cockatoo Calyptorhynchus latirostris 
This species occupies the south-western zone between Kalbarri and Esperance, 
and was recorded during the recent survey. It feeds on the seeds and flowers of a 
range of species including Banksia, Dryandra, Hakea, Eucalyptus and Grevillea. It 
has been recorded nesting at Cockleshell Gully and Cataby, preferring the smooth 
barked eucalypts but also using Marri Corymbia calophylla and Tuart Eucalyptus 
gomphocephala. Clearing of semiarid sandplains and removal of its principal 
nesting tree (salmon gum) from the Wheatbelt has been implicated in the decline 
of this species (Garnett, 1992; Johnstone & Storr, 1998). 

Lancelin Island Skink Ctenotus lancelini 
Thought to be restricted to Lancelin Island, however one animal has been collected 
from the adjacent mainland, close to the townsite of Lancelin. 

Schedule 4 

Peregrine Falcon Falco peregrinus 
According to Johnstone & Storr (1998) this widespread species, although common 
in parts of WA, would be rare or scarce in the project area. It primarily inhabits 
wooded watercourses and lakes, and coastal cliffs, rivers and ranges, none of 
which are prevalent in the project area. 

Carpet Python Morethia spilofa imbricata 
This sub-species is broadly distributed across much of the south-west, but has 
been given its protected status due to the fact that it is not common anywhere in its 
range. Carpet Pythons are known to occur at the Wedge and Grey settlements. 

Priority Taxa 

Western Brush Wallaby Macropus irma 
The Western Brush Wallaby is considered to be uncommon over much of its range 
(Christensen, 1995). The preferred habitat of this species is open forests and 
woodlands but it also occurs in scrubby thickets, mallee and heath. It has been 
recorded from between Jurien and Green Head (Ecologia, 1994) and from the 
Cockleshell Gully, Mt Lesueur and Drovers Cave National Parks (Chapman & 
Kitchener, 1977). Burbidge & Boscacci (1989) reported possible evidence of this 
species from Banksia woodland within Southern Beekeeper's Reserve. It was not 
recorded during the recent survey's. 

Freckled Duck Stictonetta naevosa 
Primarily inhabiting slightly sahne to fresh lakes and swamps (Johnstone & Storr, 
1998), this species has been recorded from Winja Lakes, a few kilometres north-
east of Nambung National Park (CALM, 1998a). It may occur in the wetlands 
along the east - west Mimegarra link between the proposed road and Brand 
Highway. 

Austrosaga spinifera Bush Cricket 
The only representative of the genus, A. spinifera resembles Hemisaga but has a 
much more spiny appearance (Rentz, 1996). This species has been recorded 
from Cervantes, Wanneroo and Boya. 

Halaeus globuliferus Native Bee 
Primarily associated with Adenanfhos cygnorum stands, this species is usually 
active between December and March. 

Fauna of Interest 

Sminthopsis sp. 
Two specimens of a Sminthopsis have been collected from the vicinity of the 
Nilgen Nature Reserve which, according to Dr. N. Dunlop, represent a new species 
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(Dr. N. Dunlop pers. Comm.). One juvenile was forwarded to Mr. D. Moro (CALM 
Woodvale) who is Currently reviewing the Sminthopsis of the Wheatbelt, whilst the 
other was photographed and released. Despite a number of requests for 
additional information on these specimens, none was made available. 

The population of Sminthopsis being trapped by Dr N. Dunlop in the Nilgen Nature 
Reserve is apparently quite small or at a very low density. Despite 2000 trap 
nights in the area only two specimens have been collected (Dr. N. Dunlop, pers. 
comm.). It is also apparent that as a general rule, Sminthopsis species are not 
common anywhere in the area. Mr D. Moro indicated that he did not catch any 
specimens of the mainland population of Sminthopsis griseoventor despite 
targeting this species as part of a taxonomic review. 

Mr. D. Moro has indicated that the Sminthopsis genus is quite variable (D. Moro, 
pers. comm.). For example, recent taxonomic revision of the Boullanger Island 
population of the Grey-bellied Dunnart Sminthopsis griseoventer recognised it as a 
separate species. However, follow-up work by Mr. D. Moro indicates that the 
population is not significantly different genetically from specimens collected from 
Manjimup. 

The specific taxonomic status of this specimen and the work undertaken by Dr N. 
Dunlop awaits thorough review and investigation. 

Ne&aps calonotus 
This species has a restricted distribution, previously known from the Swan Coastal 
Plain between Mandurah and Lancelin (Bush etal., 1995). During the biological 
survey of the proposed Coastal Road, one specimen was recorded from a small 
stand of Tuart at Site 6. According to Bush et al. (1995), increasing urbanisation 
on the Swan Coastal Plain poses a significant threat to this species. 

5.13 Trogobitic Fauna and Stygofauna 

5.13.1 Survey Methodology 

Sampling for stygofauna was carried out from existing boreholes between the 1 3th 

to 161h  December 1999. Sampling followed the methodology successfully used 
elsewhere in the state by Halpern Glick Maunsell and others, including the WA 
Museum. A 5 micron net with a small vial attached to the bottom was lowered into 
the bore hole. Three different net sizes were used 45 mm, 80 mm and 100 mm. 
The net was lowered down to 100 m or the depth of the bore if it is less than 100 
m. The net was left at the bottom for approximately five minutes before being 
drawn back to the surface. The sample was sorted in the field using a stereo 
microscope. 

Sampling was limited to stygofauna only as advice from the University of Western 
Australia indicated that the area is unlikely to be prospective for significant 
populations of troglobitic fauna given the relatively shallow groundwater and the 
lack of extensive cave development along the alignment. It is not proposed to 
sample for troglobitic fauna unless a cave is located under the proposed alignment. 

The location and diameter of each of the bores sampled, and information regarding 
access conditions were provided by the Water and Rivers Commission. 

Sampling was undertaken in boreholes which; 

were able to be accessed; 
were not blocked; 
had a diameter larger than 50 mm; and 
the water table was not deeper than lOOm. 
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Of the 48 bores from 22 localities presented by the Waters and Rivers 
Commission, 28 bores from 16 localities met the above criteria. 

It is worth noting that the assemblages of stygofauna are likely to be closely 
related to radial stream flow. Furthermore, that different radial streams may well 
support different suites of species. Nevertheless any stygofauna discovered under 
the proposed alignment would be likely to occur both upstream and downstream of 
the sample point. 

5.13.2 Survey Results 

Stygofauna distribution within the project area is linked to drainage features that 
have a food source present, namely tree roots. In the syngenetic limestone of 
south-western Western Australia, tree roots constitute the largest and most reliable 
food source. It is unlikely that there would be any substantial microbial-based food 
webs independent of tree roots in the project area (Brenton Knott, pers. corn.). 

Localities CS15, CS10, CS9 and CS27D may provide this required habitat, with 
the water table at a maximum depth of lOm and the vegetation comprising trees 
with roots that are capable of penetrating into the water table. However, from more 
than 60 samples taken from 28 bores including those listed above, the only 
stygofauna recorded was an unidentified worm from bore CS 15S. 

5.14 Culture and Heritage 

5.14.1 Aboriginal Heritage 

Liaison and database searches were carried out with the Heritage and Culture 
Division, Aboriginal Affairs Department, to identify any registered sites of 
Aboriginal heritage significance on or near the proposed alignment. 

A search of the Aboriginal heritage site register established that three 
archaeological sites were previously recorded within three kilometres of the 
proposed alignment. These are sites are recorded as SOl 33, SQl 34 and S0542 
and consist of artefact scatters. Two scatters were located on land subject to 
inundation within the Bassendean System and one is within the calcified system of 
the Quindalup Dunes. 

A detailed site assessment for archaeological and ethnographic sites was also 
undertaken along each of the proposed alignments within the project area 
(Quartermaine, 1999, 2000a and 2000b; O'Connor, 1999, 2000a and 2000b). 
Ethnographic and archaeological surveys were also undertaken in the area of the 
Wedge and Grey settlements (Quartermaine, 2000c; and O'Connor, 2000c). 

The archaeological survey investigated a 500 metre corridor centred on the 
preferred alignment and its 100 metre road reserve. The alignment was traversed 
both on foot and in a slow moving four-wheel drive vehicle. The on-foot transects 
were undertaken for 250 metres either side of the proposed centre line, every 
second kilometre, where access permitted. 

No new or previously recorded archaeological sites were located within the project 
area. The closest sites to the study are was Site S01 33 however, this sites was 
located 250 metres north of the 500 metre corridor. Sites S01 34 and S0542 were 
located 1.5 kilometres north and five kilometres south of the 500 metre corridor, 
respectively (Quartermaine, 1999). 

Although it is not anticipated to be affected by the proposed alignment, an area of 
high site potential was noted at the north-eastern perimeter of and outside the 
Wedge Reserve (Quartermaine, 2000c). 
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The ethnographic assessment involved identifying current native title claims over 
the study area and consulting with those claimants to determine if the proposed 
road alignment would disturb any significant ethnographic sites. Four native title 
claims were identified as covering the project area. These comprise the Ryder 
Group, Moore River Group, Yued and Nyoongah Jurien Bay which have been 
amalgamated in the Yued application. 

Consultation with all eleven members of the Yued Claim established that the 
proposed route of the Lancelin to Cervantes Road contains no significant 
Aboriginal sites (O'Connor, 1999, 2000a and 2000b). 

5.14.2 European Heritage 

Liaison and database searches were carried out with the Western Australian 
Heritage Council and the Australian Heritage Commission to identify any sites of 
European heritage significance in the development area. The results of this 
consultation revealed that the Nambung National Park, Nilgen Nature Reserve and 
Wanagarren Nature Reserve are listed on the National Estate Register. 

Nambung National Park is listed for its high aesthetic value and diversity of 
landforms including dune systems, limestone pinnacles and caves associated with 
the Nambung River. Wanagarren and Nilgen Nature Reserves are listed for their 
diversity of heath flora and represent some of the last areas of intact heath flora in 
the area (CALM, 1998a). 

The Register of National Estate does not place legal constraints on owners of 
private property or on State and local government property by entry of that property 
on the Register. However, it is recommended that the Australian Heritage 
Commission be informed of the proposed development. 

5.15 VisualAmenity 

5.15.1 Methodology 

A Visual Quality Assessment of the proposed alignment was carried out by 
Thompson Palmer (2000). An outline of the methodology used by Thompson 
Palmer (2000) and their findings is provided below. 

The visual assessment undertaken for the proposed road alignment involved the 
following: 

Familiarisation with alignment route options on plan (contour mapping) as well 
as aerial and at ground photography. 

Site inspection along the various routes as far as was possible in terms of time 
and accessibility. 

Reading other studies of the area, which also addressed visual and general 
aesthetic qualities. 

The site inspection was limited to the existing tracks that course through the area, 
and further limited by the need to stay on those tracks when inside the designated 
LDTA. 

Process and Criteria 

Thompson Palmer (2000) used the process and criteria outlined in the CALM 
publication, 'Reading the Remote' for assessing visual qualities of the landscape. 
In summary, the aspects that are examined and classified include: 
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Assess the Visual Character Landscape Types based on Landform, 
Vegetation, Waterform and Land Use. 

Seen Area, including distance zone from routes, being Foreground, 
Middlegound and Background. 

Visual Quality Classes based on the Visual Landscape Character Types, 
being High Quality, Moderate Quality and Low Quality. 

Public Sensitivity Levels based on perceptions and use levels, being from 
Level 1 = High to Level 5 = Low 

'Reading the Remote' (CALM, 1994) is a publication in which a classification of 
Landscape Character Types has been identified for all of the land and coastal 
islands of Western Australia. The area traversed by the proposed alignment 
crosses two of the Landscape Character Types identified in this publication. The 
Swan Coastal Plain being one type and the Geraldton Plains Sub Type (of the 
Wheatbelt Plateau Character Type) being the other. These are discussed in 
further detail in subsequent sections. 

5.15.2 Visual Assessment 

The Swan Coastal Plain landscape character type stretches over an extended 
area, from Busselton in the south to just above Lancelin in the north, so the study 
area is at the northern extremity of this character type. 

The typical landform of this coastal plain is reflected in the age and form of the 
dune systems which are the foundation of the land. The flatter dunes of the oldest 
of the three dune types, the Bassendean Dune System, occur at the eastern end of 
Mimegarra Road. These are replaced by the Spearwood Dune System further 
west, which are more undulating, and finally the Quindalup Dune System, the 
youngest of the three, adjacent to the coast, with steeper dune and deep swales. 

The majority of the study area is therefore confined to what is described as the 
'Coastal Foreplain'. This is the area of the Quindalup Dune System and typically 
comprises loose top sand, readily subject to movement when the vegetation cover 
is removed from it. There are a number of examples of this in the study area, and 
although not necessarily present as a result of removal of vegetation, there are a 
number of large and dramatic mobile dunes in the viewshed of the road. 

Other features, common elsewhere in this character type, are the occasional 
limestone cliffs and limestone islands offshore, such as Wedge Island, and the 
limestone ridges. 

The Geraldton Plains Character Sub Type is described in 'Reading the Remote' 
(CALM, 1994) as being: 

'made up of distinct landform elements which are linked by the dominant 
agricultural land use and the remnants of the unique sandplain vegetation which 
are common to the whole area, blending into the wind pruned coastal heath which 
cloaks the dunes on the western fringes of the region.' 

The study area is confined to the latter of this description, meaning that the general 
landscape setting of this section of the study area is typical of the coast or near 
coast environment. 

There is of course no distinct line that demarks one character type from another 
and this is typified here where there is a considerable transition area between the 
Swan Coastal Plain type and the Geraldton type. This is demonstrated by the 
strong presence of the Quindalup Dune System in both character type areas. 

ecc I:kthOO5571.al\doclxep\4thdraftper.doc 	 October 2000 	 Halpern Click Maunsell 	99 



Rather than perceiving a distinction between the northerly and southerly aspects of 
the study area, the traveller might be more aware of the distinctions between east 
and west. As noted above, the distinction is in the Iandform which is generally 
steeper and rockier in the west than in the east. 

. 	Detailed Appraisal 

A detailed appraisal of the landscape character elements along the alignment from 
north to south undertaken by Thompson Palmer (2000) is provided below and 
relevant photographs are shown on Plate 2. The route was travelled in a south to 
north direction, and aspects observed were as follows: 

a) 	Initially the route travels along an existing track over gently undulating 
landform, rising to a peak close to 150 metres, the highest point of the 
study area, about 15 kilometres from the junction with Lancelin Road. 
Views from areas along this section range from: 

long distance views from the high ground, both to inland areas of extensive 
bush or cleared pasture land, and to the ocean, over vegetated dunes. 

limited areas of outlook, interdunal areas, where views are restricted by 
surrounding land and vegetation, be it by tall shrubs and trees or by lower 
vegetation. 

At about 20 kilometres along the track, the proposed route veers slightly 
north and west. In this location there are a few stands of Tuart in lower 
lying areas and these add another dimension to the spatial make up of the 
routes (See Photograph 1). 

It is important, from a visual perspective, that these areas are identified, and if 
necessary, detail adjustment to road alignments should be made in order to 
conserve them. At about 22 kilometres the north south route intersects the 
proposed link road to the Brand Highway. Through this area there are viewing 
opportunities such as those illustrated in Photographs 2 and 3. 

As the route heads north, the land becomes slightly more rugged and the 
vegetation pattern shifts to low lying heaths, particularly on the crests of 
the ridges. Throughout the alignment the visual experience is enhanced 
by: 

a variety of spaces from the enclosed interdunal spaces to the distant views of 
the ocean or inland; and 

the gross and detail variation in the colour and texture of the vegetation, as 
illustrated in the photographs. 

d) 	The coastal experience of the alignment begins to be further enhanced by 
two aspects as the coast is approached. 

Firstly the mobile dunes become present at intervals along the route. As the road 
approaches the proposed turn off to Wedge Island, it passes quite close to one of 
these dunes. The contrast between the bare sand of the dune, with the wind lifting 
sand from its mobile crest, and the dense heath vegetation that it is engulfing, 
provides a dramatic visual feature. 
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Photo 2: Grass trees against a sand hill backdrop. 
Photo 1: Tuart Woodland. 

..: 

1: 	; 4 
Photo 5: Extensive pasture through roadside vegetation. 

.. 

-. ,I._. - 	- 	- 	.. .- 	 .,. •> ....- 
- Photo 3: Grey smoke bush contrasts with grass trees. 

Photo 4: the coastal cliffs. 

-•::i.- 

... 

Photo 6: Trees and track at base of the dune. 

Plate 2: 	Existing Visual Character of the Project Area 



Secondly, the coastal interface itself can be dramatic. Whilst it may not be readily 
viewed from the proposed road route, as shown in Photograph 4 there are 
opportunities for some views at intermittent points along the alignment, or 
alternatively from short off road tracks to lookouts. 

As the road heads further north it is aligned behind the foredune and 
secondary dune series and generally the views are therefore restricted to 
interdunal spaces and the visual interest is focused on the detail of plant 
texture, colour and form. 

This proposed link to the Brand Highway uses part of the existing graded 
Mimegarra Road. From the highway the graded road runs through 
(mostly) cleared pasture land for approximately 10 kilometres before the 
proposed route departs the graded section and heads into uncleared land 
to the west. 

The initial graded section is fairly flat, over the older Bassendean Dune System. 
There are very slight undulations which allow fairly extensive views, through road 
verge vegetation, across paddocks which contain some remnant tree vegetation 
(see Photograph 5). In the distance is uncleared land forming a low vegetated 
backdrop. Generally the land falls at a gentle gradient to the west until the more 
recent dune morphology causes it to rise again toward the coast. It is this rise and 
its vegetation that forms the backdrop. 

The dense bush along Mimegarra Link Road is of a height to three metres or more, 
which restricts views to the immediate vicinity of the alignment. Further west, as 
the land rises to dune ridges, views across the plain as well as to the coast, are 
presented and the gross landscape appears much more interesting. 

As the intersection with the proposed Lancelin to Cervantes Coastal Road is 
approached the land rises and falls in a series of ridges and interdunal swales. At 
the time of observation there was water in some of these swales, as a result of run 
off from localised catchments. 

As with other sections examined during this study, there was a sharp contrast 
between the vegetation of the ridges and that of the swales. The latter, comprising 
large Tuarts which accentuate the sense of enclosure whilst the former being, 
generally, more stunted heath type growth, affording, at times, the opportunity for 
more expansive views. There are occasional trees on the ridges which add a 
further dimension to the visual experience, forming an immediate contrast and 
compliment to the heath vegetation (see Photograph 6). 

The above appraisal will be utilised in the Landscape Management Plan to be 
prepared during detailed design of the proposed road (see Section 7.0). 

Defining Site Character and Values 

The landscape character of place is defined by the elements that form the site. The 
response to a site may depend on how the individual values the picture that those 
elements paint, but in general each landscape evokes a distinct response. In 
distilling the character of a site, Reading the Remote' (CALM, 1994) defines the 
essential components as being Form, Line, Colour, Texture and Scale. These are 
then referred to Landform, Vegetation, Waterform and Land Use. 

The values to be applied are outlined above, in respect of Visual Quality Classes 
(rated High, Moderate and Low) and Public Sensitivity Levels expressed as Level 
1 being High and Level 5 being Low. They may be applied to the context as being 
in the Foreground, Middleground or Background. So that a view or place 
expressed as bg2 will be in the background and have a reasonably high class 
rating of 2; whereas fg5 will be in the foreground but have an insignificant 
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perception or use rating of 5. The values as assessed relate to the landscape 
setting as it now stands. The intent for the detail design phase, will be to maintain 
the higher quality visual aspects and improve the lower quality aspects. 

Application of Values and Evaluation of Criteria 

Lance/in to Cervantes Road 

Form 	-steep dunes, flat to gently inclined plain, elongated dunes, limestone 
cliffs, jutting headlands, low islands, blow outs and mobile dunes, 
misshapen and weathered limestone outcrops, wind pruned coastal 
heath, bushy sandplain shrubs, spray of Grass Trees, dense 
undergrowth, small Tuarts, bushy Jams, seasonal water, surging ocean 
waters. 

Line 	-parallel ridges of dunes, smooth curve of mobile dunes, occasional 
vertical cliffs, elongated beaches, long breaking waves, long straight or 
curving tracks through the bush, fence lines, long low horizon, , long 
flower spikes of Grass Trees. 

Colour 	-pale and yellow sands, dark olive heath, grey Smokebush, flowers in 
season (vivid orange, deep blue, purple-blue, creamy yellow, red and 
green), pale green spinifex, grey green Banksia woodland, black trunks 
of Grass Tree, rich green Peppermints. 

Texture -sand, rocky ridges, tangle of shrubs, rough bark of Tuart and 
Pricklybark, scratchy Parrotbush, soft Smokebush, rugged headlands 
and islands, spiky Grass Trees, foaming waves. 

Scale 	-long open views from ridgetops, enclosed spaces from interdunal 
areas and amongst trees, shallow depth of view amongst shrubs, 
expansive coastal views of ocean and sky. 

Values: fgl in some interdunal areas and at undisturbed ridgelines. 
mg3 generally with occasional mgi. 
bg3 generally, except at the coast. 

East -West Link to Brand Highway (Mime garra Road) 

Form 	-flat to slightly undulating and inclined plain, rolling dunes. 

Line 	-horizontal plains and line of canopy in the distance, vertical trunks of 
Tuart and Pricklybark, fence lines, overhead powerlines, roads and 
tracks across the plain and tracks through the bush. 

Colour 	-pale sand, carpets of bright green lupins, dark olive heath, grey 
Smokebush. 

Texture -scratchy Parrotbush, straggly Grevillea, carpet of heath, smooth crop 
paddocks, gravelly road. 

Scale 	-long open view across paddocks and from dune ridges, enclosure of 
interdunal swafes, expansive ocean views. 

Values: fgi in some interdunal areas and at undisturbed ridgelines. 
mg3 generally with occasional mgi. 
bg3 generally, except nearer the coast. 
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6.0 	Potential Impacts and Their 
Management 

6.1 Introduction 

This section of the PER provides a description of the potential impacts which may 
result from the Coastal Road construction for each of the key environmental factors 
identified by the DEP. This section also details Main Roads WA management 
commitments to minimise any potential environmental impact. 

6.2 	Terrestrial Flora and Vegetation 

6.2.1 EPA Objectives 

The EPA's objectives for this proposal in respect of the factor of terrestrial flora 
and vegetation is to: 

Maintain the abundance, species diversity, geographic distribution and 
productivity of vegetation. 

Ensure that the conservation values and management of the National Park and 
Nature Reserves are not compromised. 

Ensure that regionally significant flora and vegetation in these reserves are 
adequately protected. 

Ensure that regionally significant flora and vegetation are adequately protected 
from the spread of weeds and diseases including dieback. 

Protect Declared Rare and Priority Flora, consistent with the provisions of the 
Wildlife Conservation Act 1950 and the Commonwealth Endangered Species 
Act. 

Protect other flora of conservation significance. 

These factors are addressed in the context of the EPA's objectives in the following 
sections. 

6.2.2 Potential Impacts and their Management 

The key potential impacts to terrestrial flora, vegetation and the conservation 
estates resulting from the proposed Lancelin to Cervantes Road include: 

Fragmentation and severance of conservation reserves. 

Clearing of native vegetation. 

Impacts on significant flora species. 

Introduction or spread of weeds. 

Introduction or spread of soil borne diseases. 

Location of borrow pits. 

Increased visitor access. 

Increased risk of fires. 

Changes to visual amenity. 
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Dust generation. 

Waste management. 

Potential positive impacts (including closure and rehabilitation of access 
tracks). 

These impacts are discussed below along with the management measures that will 
be adopted to minimise the potential impacts. 

1. 	Fragmentation and Severance of Conservation Reserves 

The proposed alignment for the Coastal Road between Lancelin and Cervantes 
passes through the Nilgen Nature Reserve, Wanagarren Nature Reserve and 
Nambung National Park. The east - west Mimegarra link road passes through 
large areas of uncleared vegetation on Vacant Crown land, and the existing 
Mimegarra Road to the Brand Highway abuts a small Nature Reserve identified as 
#2799 3. 

Based on a 100 metre corridor, the Lancelin to Cervantes Coastal Road will 
require approximately 311 ha to be excised from the conservation estates. The 
area within each reserve that will be excised is detailed in Table 6.1. 

Table 6.1: 	Area of impact on local conservation reserves. 

Length Road % Reserve I 
(km) area (ha) National Park 

Total Alignment 86.3 - 
Alignment through Nilgen Nature 7.0 70 1.3% 
Reserve 
Alignment through Wanagarren 10.3 103 0.9% 
Nature Reserve 
Alignment through Nambung National 13.8 138 0.6% 
Park 
Total area excised 31.1 311 0.9% 

The 311 ha to be excised equates to 0.9% of the total area represented by the 
affected conservation reserves. 

Excising land from the reserve may result in isolating patches of remnant 
vegetation, leading to an increase in disturbance. Isolation of small areas of land 
can compromise their environmental integrity as a result of edge effects including 
weed invasion, erosion and rubbish dumping (Saunders etal., 1991). Habitat 
fragmentation is less desirable at Nilgen than at either Wanagarren Nature 
Reserve or Nambung National Park, due to the smaller size of the former reserve, 
and the narrow shape of the resulting isolated fragment. 

In recognition of this impact on the conservation estates, a number of road 
alignments were investigated to minimise the impacts of severance and excision. 
The option evaluation process is discussed in detail in Chapter 3 of this PER. 

The alignment through Nilgen Nature Reserve adjacent to the Ocean Farms Estate 
was discussed at length with CALM with the view to minimising the "dead area" 
between the proposed road and the Estate whilst not compromising the potential 
impacts from noise on the adjacent residential dwellings. The alignment through 
Nilgen Nature Reserve that has been agreed to by CALM lies approximately 250 
metres from the closest dwelling and will result in isolating 44 hectares of Nilgen 
Nature Reserve. 

CALM has indicated that they are interested in participating in the ongoing 
management of the road reserve through the conservation areas. Main Roads WA 
has made a commitment to continue liaison with CALM regarding management 
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issues during the preparation of the Environmental Management Plan (EMP) for 
the construction. 
The management measures detailed in the following sections relating to weed and 
soil pathogens, vegetation clearance, fire and dust will assist in minimising indirect 
impacts on areas of the conservation estates adjacent to the road alignment. 

2. 	Clearing of Native Vegetation 

The proposed coastal road is 65.9 km in length. The east-west link to Mimegarra 
Road traverses 14 km of Vacant Crown Land, with a further 11 km of the existing 
Mimegarra Road to the Brand Highway. The spur roads into Wedge and Grey are 
5.2 km and 1.2 km long respectively. Assuming a maximum work area of 20 m 
either side of the centreline of the alignment, and given that some sections of the 
alignment pass through cleared land, it is estimated that a maximum area of 200 
ha of vegetation will be removed for the proposed development. 

Estimates of the areas of each vegetation type falling within the proposed works 
area (20 m surrounding the centerline) are given in Table 6.2 below. Note that this 
is based on those vegetation types intersected by a 20m buffer around the current 
preferred alignment, and terminates at the intersection with Mimegarra Road 
(given that no upgrade of this existing section of road is planned). 

Table 6.2 	Vegetation Types Affected by Proposed Development 

Vegetation Type Area (ha) within 
2Om buffer of 
center line* 

Area (ha) within 
500 m buffer of 

center linet 
Olearia axillaris low scrub over Spinifex 
longifolius grassland  

0 0.28 

Mixed scrub on dune edges 1.34 26.69 
Dune sheets 0 0.13 
Acacia lasiocarpa - Melaleuca systena low heath 54.50 1608.06 

Melaleuca cardiophylla thicket 3.54 75.06 
Acacia rostellifera thicket 2.68 52.87 
Xanthorrhoea preissii sparse shrubland over 
sedges  

17.75 444.12 

Dryandra sessilis - Calothamnus quadrifldus 
thicket or heath 

20.53 501.57 

Banksia woodland over heath 18.43 1159.32 
lntergrade vegetation 9.64 243.84 
Marri - Wandoo low forest - 24.67 
Tuart Eucalyptus gomphocephala woodland 0 7.38 
Eucalyptus decipiens mallee low forest 1.26 31.68 
Banksia prionotes low forest / Myrtaceous thicket 0 20.85 

Flooded gum Eucalyptus rudis woodland around 
dense Melaleuca teretifolia thicket  

0 4.01 

Melaleuca preissii open low woodland over 
myrtaceous thickets 

- 9.10 

Acacia saligna shrublands - 48.56 
Mixed (wet) heaths - 42.16 
Lateritic heath - 33.42 
Pasture 1.53 234.9 
Total 131.20 4568.69 

irea unoer consiceraon terminates at tne Mimegarra Koad, since no upgrade is planned for 
this section (hence no vegetation is required to be cleared within the 20m buffer). 
Alignment under consideration terminates at the Brand Highway. 

The table also includes areas of each vegetation type falling within a 500m buffer 
around the alignment (the area included in the flora survey), indicative of a 
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potential zone of influence. This zone of influence represents the potential area 
over which the road may exert a negative impact on the receiving environment. 
The impacts are expected to decrease in a non-linear relationship the greater the 
distance from the road. In this case the alignment terminates at the Brand 
Highway. This is in recognition of the potential for increased use of Mimegarra 
Road resulting from the construction of a link to the Lancelin to Cervantes Coastal 
Road, and thus the potential for indirect impacts to affect vegetation along the 
existing section of road. 

Four of the five vegetation types which comprise the majority of the road length are 
broadly distributed along the alignment. The Banksia woodlands of the 
Bassendean Dunes are poorly represented in conservation reserves however 
(Griffin & Keighery, 1989). The Xanthorrhoea preissfi shrublands occur in a single 
large swathe along the central section of the alignment. 

Of the remaining five vegetation types traversed by the centreline of the road, three 
occur in relatively small patches but are well distributed within the project area and 
beyond; these are the Melaleuca cardiophylla thickets, Acacia rostellifera thickets 
and mixed scrub on dune edges. Pasture areas have no conservation 
significance. This leaves one vegetation type which has a relatively limited 
distribution in the area: the Eucalyptus decipiens mallee low forest. The area of 
this vegetation required to be cleared represents 4% of the amount that exists 
within the survey area. 

As no upgrade of the existing Mimegarra Road is planned, none of the vegetation 
types along the formed road will require clearing. The darnpland I wetland and 
lateritic heath vegetation types along the existing road have a limited distribution in 
the area. The lateritic and wet heaths in particular are poorly conserved in the 
region (Griffin & Keighery, 1989). 

The area of vegetation that will be removed for the road construction will constitute 
approximately 0.6 per cent of the vegetation that is retained in the conservation 
reserves of the area. The area to be incorporated into the 100 metre road reserve 
will of course be much greater. 

In this context, vegetation clearance for the road construction is not considered to 
be significant. However, a number of the vegetation communities through which 
the alignment passes, such as the Banksia woodlands of the Bassendean Dunes, 
lateritic heaths and wet heaths, are considered to be poorly represented in the 
conservation reserves of the region (Griffin & Keighery, 1989). 

Other vegetation communities which appear to be poorly represented in 
conservation areas in the region include the Xanthorrhoea preissii sparse shrub 
over sedges, Marri - Wandoo low forest, Eucalyptus decipiens matlee low forest, 
Banksia prionotes low forest/Myrtaceous thickets, Melaleuca preissiana open low 
woodland over Myrtaceous thickets and Acacia saligna shrublands. The removal 
of vegetation from these communities will further reduce their distribution in the 
region. 

As previously mentioned, a number of alternative road alignments through the 
national parks and nature reserves were investigated and evaluated. The 
preferred alignment has been chosen to avoid, where possible, sensitive 
vegetation communities such as wet heathsand Tuart woodlands which are known 
to have a limited distribution within the Central Coast region. 

To further minimise the area of vegetation to be removed the following 
management measures will be adopted: 

The area of vegetation to be cleared will be restricted to the minimum required 
for safe and efficient operations. 
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Clearing limits will be surveyed and clearly pegged in the field prior to the 
commencement of earthworks. 

Vehicle and construction equipment movement will be confined to the road 
alignment to minimise disturbance of adjacent vegetation. 

Mature trees to be retained within the road reserve should be clearly marked to 
minimise the risk of disturbance. 

Topsoil management measures will be implemented to optimise the success of 
the rehabilitation works. 

Rehabilitation and landscaping works will be implemented within and 
immediately adjacent to the road reserve. 

The proponent commits to preparing an Environmental Management Plan and 
Landscape Management Plan for the project prior to construction, which will detail 
the management measures to minimise potential impacts on flora and vegetation 
including those outlined above. 

3. Impacts on Significant Flora species 

Notable vegetation communities surveyed within the project area included the 
lateritic heath near the junction of Mimegarra Road and Brand Highway, and the 
various wetland vegetation types. 

The lateritic heath supports a large number of Priority flora given the small size of 
this vegetation unit, and may also support one DRF species. Similar heath in the 
local area has largely been cleared for pastoral purposes, and roadside remnants 
such as this are frequently the only representatives of this vegetation. 

While no particular flora of conservation significance were recorded from the 
various wetlands, these comprise vegetation types that have a limited distribution 
in the area and have not been extensively sampled. In particular, Tuart forests 
have a restricted distribution in the region, the main distribution of Eucalyptus 
gomphocephala being to the south. This vegetation therefore represents an 
uncommon association for the area. Wet heaths are poorly represented in 
conservation reserves. 

Route planning for the proposed road took specific account of the location of 
populations of threatened flora. Some options were rejected partially or wholly on 
the basis of impacts on significant flora. A number of flora species of conservation 
significance were identified within the survey area. Estimates of the numbers of 
populations of signfficant flora which may be impacted are listed in Table 6.3. 

Table 6.3: 	Flora of conservation significance that may be impacted by 
the proposal. 

Species Known populations within 
survey area which may be 

impacted (populations in region 
which will not be impacted by 

this development*) 
Declared Rare Flora 

Anigozanthos humilis subsp. Chrysanthus ?1 (0) 
Priority 2 Species 

Thysanotussp. Badgingarra (EA Griffin 2511) 0(1) 
Tricoiyne robusta ms.  ?3 (2) 

Priority 3 Species 
Conostylis pauciflora subsp. Euryrhipis 2 (7) 
Gre villea thyrsoides subsp. Thyrsoides 1 (0) 
Guichenotia a/ba ?1 (0) 
Haemodorurn bra turn ?1 (6) 
Haloragis fobiosa 3 (10) 
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Hibbertia spicata subsp. Leptotheca 1 (9) 
Jacksonia anthoclada ms. 0 (4) 
Leucopogon oliganthus ?1 (6) 
Nemcia axillaris ?2 (4) 
Stylidium diuroides subsp. Paucifoliatum 2 (2) 
Stylidium maritimum 2 (15) 

Priority 4 Species 
Eucalyptus macrocarpa subsp. Elachantha 0 (>2) 
Verticordia Iindleyi subsp. Lindleyi 0 (2)  

Flora of Interest 
Hypocalymma sp. ?1 (-) 
Astroloma sp. ?1 (-) 

Notes: 	Based on West Midlands Study data. 
? prior to a number indicates either that the population is not confirmed to exist (in the case 
of the Anigozanthos) or that impact to the population may be able to be avoided. 

As shown on Figure 5.10, the lateritic heath vegetation community that occurs at 
the eastern end of Mimegarra Road supports a relatively large number of Priority 
flora given the small size of this vegetation unit, and may also support one DRF 
species. Similar heath in the local area has largely been cleared for pastoral 
purposes, and roadside remnants such as this are frequently the only 
representatives of this vegetation. No land clearing is proposed along the existing 
Mimegarra Road alignment and no upgrading of the existing road is proposed, 
therefore, there will be no direct impacts on threatened flora populations within this 
vegetation community. The flora populations at this location may however be 
indirectly affected from dust generated by vehicles using this road during the 
coastal road construction. 

To enable the extent of potential impacts on threatened flora species within the 
road reserve to be fully evaluated, a spring survey targeting threatened species 
considered likely to occur within the road reserve and identified borrow pits will be 

Th' undertaken. The proponent has made a commitment to undertake this additional 
flora survey during spring. 

Prior to any construction work commencing, management strategies for threatened 
flora will be developed in consultation with CALM and will be detailed as part of the 
EMP for the road works. 

Management measures that will be included in the EMP are: 

the requirement to fence or clearly flag areas where threatened flora occur; 

minimise impacts of dust generation during construction by watering the 
unsealed sections of road as required; and 

requiring the presence of a specialised environmental officer on site during 
clearing within areas where threatened flora have been recorded. 

4. 	Introduction or Spread of Weeds 

Over 60 introduced flora species were recorded during the survey, many of which 
were only present within the Wedge and Grey settlement areas. Topsoil material 
contains a seed bank which can be transferred when soil is moved from one site to 
another. If the topsoil contains the seeds of weed species, then weeds can be 
spread in this manner, degrading the quality of adjacent vegetation. There is a 
significant potential for weed populations to be spread within the project area and 
for new weed species to be introduced during construction of the proposed road. 
The habitats most vulnerable to invasion by introduced flora are typically mesic 
environments; within the survey area, these would represent the wetlands and 
damplands. 
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It will be particularly important to ensure that significant weeds currently occurring 
at the two squatter settlements and elsewhere in the area (eg. Paterson's Curse, 
noted in the Lancelin Defence Training Area) are not spread into the surrounding 
areas, particularly into the nearby conservation estates. 

To minimise the impacts of weed invasion, the proponent commits to implementing 
appropriate weed hygiene management measures during the roads construction 
and operation. Management measures will include: 

Ensuring that weed infested vegetative or soil material is buried at a suitable 
disposal location. 

Ensuring that road material imported into the study area for construction is 
weed free. 

Undertaking ongoing monitoring within the road reserve for new weed growth 
following completion of construction. 

Implementing appropriate eradication measures in the event of new weed 
growth observed in the road reserve. 

ensuring that weed control measure adopted do not adversely affect the 
remnant vegetation retained within the road reserve or within the adjoining 
vegetation, particularly down slope from the road reserve. 

Locating borrow pits, access roads and detours in areas where weed 
infestation is low to avoid weed species being introduced in to the study area. 

washing down plant and equipment prior to entry and exit from site. 

The management of weeds within the road reserve, particularly in the sections 
which pass through the National Park and Nature Reserves, will comply with 
CALM's Policy Statement 14 (CALM's Role in the Management of Bushland 
Weeds, 1998b). Specific details on the management measures that will be 
adopted will be included in the EMP. 

5. 	Introduction or Spread of Soil Borne Diseases 

The Dieback disease (Phytophthora spp.) is transmitted freely through movement 
infected soil, particularly under wet conditions. Coastal vegetation communities of 
the Quindalup Dunes are not at significant risk from dieback as they contain few 
susceptible species and the unconsolidated, calcareous sands inhibiting the 
presence of the Phytophthora fungus (CALM, 1999). 

A number of vegetation communities within the study area are considered to have 
a high dieback hazard rating. These include: 

Banksia woodlands of the Spearwood and Bassendean Dunes; 
Dryandra sessilis - Calothamnus quadrifidus thickets of the Spearwood Dunes; 
Mixed proteaceous heaths of the lateritic sand plain; and 
The majority of wetland I dampland communities. 

Armillaria is known from both the Wedge and Grey settlement areas (CALM, 
1999). This pathogen is dispersed through spores or by root contact, and may be 
spread through movement of infected host tissue. 

Road construction works, particularly grading and re-spreading of topsoil, 
vegetation clearing and poor hygiene practice could result in spreading these 
pathogens into areas currently uninfected. 
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To minimise the potential for introducing or spreading these pathogens, 
appropriate hygiene management measures will be implemented during the 
construction works. Specifically, the management measures will include 
washdown procedures on initial entry and exit from the site and prior to entering 
any identified pathogen free areas from infected, not-effectively-quarantined or 
uninterpretable classifications. Any suspected infected vegetation should be 
removed and spoiled or re-spread in the immediate vicinity that it was removed. 

Management measures will generally comply with CALM's Policy Statement No. 3 
"Management of Phytophthora and Disease Caused By It" (CALM, 1 998c) and the 
Moora District Dieback Protection Plan 1990. Similar procedures should also 
prevent the spread of Armillaria. 

Management strategies for control of plant diseases during construction and 
operation of the road will be further developed in consultation with CALM and will 
be detailed in the EMP. 

Location of Borrow Pits 

At the time of completing this document, the location of borrow pits was not known. 
As such only general comments can be made regarding potential impacts. 

If gravel is sourced from existing pits in the Perth region, there is the potential for 
Dieback infected soil to be transferred to the project area. There would also be a 
high associated haulage cost. Gravel should not be sourced from areas known to 
support dieback. If sourced locally, gravel material would most probably come 
from sites within the Dandaragan Plateau, north-east of the study area. Remnant 
vegetation of the Dandaragan Plateau is scarce as most has been cleared in 
pursuit of agricultural practices, and remaining areas are considered to be highly 
significant. A large number of threatened flora occur on the Dandaragan Plateau 
and several populations occur within or adjacent to existing gravel pits. Vegetation 
and flora studies are therefore essential for potential borrow pit sites. Surveys of 
these areas should be carried out in spring, coinciding with the peak flowering 
period of the majority of threatened flora potentially occurring in the area. If 
possible, sourcing of gravel from cleared pastureland would present clear 
environmental benefits. 

Increased Visitor Access 

Increased visitor access will place additional pressures on the National Park and 
Nature Reserves. To manage this increase in use, travellers will be directed to 
rest areas and scenic lookouts to minimise areas of disturbance. 

The Department of Conservation and Land Management is considering 
redeveloping the squatter shack sites of Wedge and Grey (CALM, 1999). The 
redevelopment will involve the construction of a variety of accommodation styles 
and a visitor's information centre. This is intended to cater for a projected increase 
in the number of visitors to Nambung National Park following the construction of 
the Coastal Road. 

The proposed road construction will also assist in managing the presently 
uncontrolled 4WD access into Wedge and Grey. Specific impacts relevant to the 
Wedge and Grey developments are discussed in HGM (2000b). 

Increased Risk of Fires 

Fire is recognised as a potential impact during both construction and operation of 
the road. To address the former issue, a fire management strategy will be 
prepared as part of the EMP and implemented during construction. The strategy is 
to clearly identify a fire response plan and the type of fire fighting equipment to be 
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present on site at all times during construction. 

During operation, there is an increased risk of fire as a result of increased visitor 
access. This risk should be somewhat offset by the reduced response time made 
possible by improved access on sealed roads, and the road acting as a barrier to 
the rapid spread of an uncontrolled fire. 

Prescribed burning is carried out by CALM on its lands primarily as a means of 
protecting private property. Strategies have been developed by CALM for the 
three conservation estates directly impacted by this proposal (Nambung National 
Park, Wanagarren Nature Reserve and Nilgen Nature Reserve). These strategies 
are based on delineating cells created by existing networks of tracks that can be 
managed by controlled burns to reduce fuel loads. A new strategy would be 
devised in consultation with CALM and included as part of the Bushfire 
Management Plan. 

The preparation of a fire management strategy as part of the EMP for the road 
works has been included as a commitment. 

Changes to Visual Amenity 

The Coastal Road construction has the potential to cause both positive and 
negative impacts to the visual quality of the area. Vegetation clearing may detract 
from the natural vistas currently viewed from key tourist areas in Nambung 
National Park and Nilgen and Wanagarren nature reserves as well as from nearby 
residential areas of Seaview Park and Ocean Farms Estate. However, the road 
will increase the opportunity for ocean views along much of its length and will 
provide strategically located lookouts and parking bays. 

During the route planning study (HGM, 2000d), the road alignment was modified in 
a number of ways to minimise the potential impacts on the conservation areas. 
These are discussed in more detail in Section 6.7. 

Dust Generation 

Dust is recognised as a potential impact for surrounding vegetation. This is of 
particular importance with respect to the significant vegetation along the existing 
Mimegarra Road, given that this will be left unsealed. 

Dust generation during construction will be minimised through the application of 
water from water carts. The frequency of operation of water carts will be 
determined daily by construction personnel with reference to the nature of exposed 
surfaces and local weather conditions. Dust management strategies will be 
detailed in the EMP prepared for the road construction. 

Waste Management 

During the construction phase, a variety of waste materials may be introduced into 
the study area or produced from the construction site. These may include sewage 
produced by the construction workforce, hydrocarbon products required to fuel and 
service construction equipment and machinery and the general debris and litter 
discarded by the workforce. Unless effectively disposed of, these waste materials 
have the potential to pollute the soil, water or visual amenity of the study area and 
its surrounds. Management measure that will be implemented during construction 
to ensure potential impacts of pollution from waste materials is minimised include: 

. 	the use of portable chemical toilets to cater for sewage; 

collection and off-site disposal, at an approved facility, of all waste materials 
including hydrocarbon waste; and 
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constructing a designated refuelling station which is adequately bunded to 
contain any fuel spills. 

These management measures will be detailed in the EMP prepared for the project. 

12. 	Potential Positive impacts 

A number of benefits may also arise from construction of the proposed road. 
The road will provide increased access to the Nambung National Park, thereby 
giving greater public ownership which is an important requirement for such a Park 
(N. Caporn, CALM Como, pers. comm.). The same argument applies to the two 
Nature Reserves, for which the land tenure will be changed to National Park status 
in the near future. 

Development of the road provides the opportunity to rationalise and revegetate many 
of the numerous 4WD access tracks which occur throughout the area. It is 
recognised that many activities (eg. camping and off-road driving) currently taking 
place in the Wanagarren and Nilgen Nature Reserves are not consistent with their 
primary purpose (CALM, 1998a). Proliferation of tracks is particularly evident in the 
vicinity of the Wedge and Grey settlements and along the near-coastal environs in 
general. Several tracks show significant erosion, and have been repeatedly 
duplicated as a result. 

Rationalising access to sensitive areas, particularly foredunes, would represent an 
improvement to the existing situation and would allow natural rehabilitation to occur. 
Rehabilitation of disused access tracks will provide some compensation for 
vegetation removal within the conservation reserves. Identifying which access tracks 
should be closed and the extent of the rehabilitation required will be undertaken in 
consultation with CALM and documented in the EMP. 

Weed populations are considerably more prevalent in the areas of the two squatter 
settlements, particularly at Wedge. Redevelopment of Wedge and Grey, and 
subsequent weed control measures, should serve to reduce weed infestations in 
these areas (see HGM, 2000b). 

Weed management measures implemented by Main Roads WA to minimise the 
introduction and spread of weeds from soil or mulched vegetation laden with weed 
seed, coupled with rationalisation of access (and hence less potential for the 
spread of vegetative material or seeds), may also reduce the likelihood of weed 
spread from the settlement areas into the conservation estate. Detailed weed 
management measures will be provided in the EMP. 

6.2.3 Outcomes and Summary 

The principal impacts on terrestrial flora systems that may arise as a result of the 
proposed road include: 

Fragmentation and severance of conservation reserves. 

Clearing of native vegetation. 

Impacts on significant flora species 

Introduction or spread of weeds. 

Introduction or spread of soil borne diseases. 

Location of borrow pits. 

Increased risk of fires. 

Increased visitor access. 

Changes to visual amenity. 
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Dust generation. 

Waste management 

Potential positive impacts including reclaiming degraded areas by controlling 
access tracks and rehabilitating access tracks to a distance agreed with 
CALM. 

The first three issues have been taken into consideration as part of the route 
planning for the project and in the development of the concept design. Route 
planning has aimed to minimise the impacts on conservation reserves and the 
requirement for vegetation clearing by following existing track alignments wherever 
possible and consistent with design standards. It has not, however, been possible 
through route planning alone to avoid all impacts on conservation reserves and on 
significant vegetation types. 

To address these impacts, and the remaining potential impacts associated with 
construction, the following environmental management commitments are made: 

A landscape management plan will be prepared for the works which will make 
provision for topsoil management and revegetation utilising locally occurring 
species. 

A targeted threatened flora survey will be carried out for the Mimegarra Road 
east-west link, the preferred road alignment near Lancelin and the borrow pits 
during spring. 

The location of borrow pits had not been identified at the time of preparing this 
PER. However, when their location has been determined, an assessment of 
their potential environmental impacts will be undertaken and the findings and 
management documented in the EMP. It is however envisaged that the 
management measures described in this PER for the road alignment will also 
be applicable to the borrow pits. 

Main Roads in consultation with CALM has included the construction of access 
roads to Wedge and Grey to assist CALM in management of increased 
visitation resulting from the Coastal Road construction. Construction of 
junctions of existing access roads into the Coast Road will be undertaken as 
part of the proposal to ensure public safety at these locations. Main Roads 
WA will continue consultation with CALM regarding their requirements at these 
locations. 

An Environmental Management Plan (EMP) will be prepared and implemented 
to the satisfaction of the DEP on advice from CALM. The EMP will address 
issues of vegetation clearing controls, rehabilitation, fire management, dust 
suppression, weed and dieback hygiene and waste management. 

These commitments are consolidated into an auditable form with other 
environmental management commitments in Section 7.0 of this PER. 

6.2.4 Predicted Outcome 

On the basis of the findings of the flora surveys, and given the environmental 
management committed to by the proponent, it is considered that the EPA's 
objectives for terrestrial flora and vegetation can be met by the proposal. 
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6.3 	Terrestrial Fauna 

6.3.1 EPA Objectives 

The EPA's objectives for this proposal in relation to the factor of terrestrial fauna 
are to: 

Protect Specially Protected (Threatened) Fauna and Priority Fauna species 
and their habitats, consistent with the provisions of the Wildlife Conservation 
Act 1950 and the Commonwealth Endangered Species Act. 

Protect other significant fauna. 

Protect stygofauna and troglobitic fauna consistent with the provisions of the 
Wildlife Conservation Act 1950. 

Maintain the abundance, diversity and geographic distribution of stygofauna 
and troglobitic fauna. 

These factors are addressed in the context of the EPA's objectives in the following 
sections. 

6.3.2 Potential Impacts and their Management 

Potential impacts to the fauna of the project area include: 

Habitat Removal and Fragmentation 
Impacts on Threatened Species 
Barrier to Fauna Movement 

4 	Stygofauna and Troglobitic Fauna Impacts 

These are described in detail below along with the management measures 
proposed to minimise the impacts. 

1. 	Habitat Removal and Fragmentation 

Fauna losses are expected during clearing of vegetation. The permanent loss of 
natural vegetation for the road construction will also reduce the local extent of 
available habitat. Although the road will require up to 200 hectares of native 
vegetation to be cleared, this constitutes 0.6 per cent of the area contained within 
the conservation reserves of the region. Potential impacts on fauna through 
habitat removal is therefore not expected to be significant. 

The proposed road alignment will also result in the severance and excision of 
areas from local conservation reserves as detailed in Section 6.2.2 above. With 
respect to fauna utilisation of these areas, habitat fragments as small as four ha 
have been shown to be important in maintaining lizard assemblages (Turpin,1990). 
Larger areas greater than 30 ha were found to be important for mammals, reptiles 
and avifauna (Kitchener eta/1980a, 1980b, 1982). The smallest area of reserve 
that will be isolated is the area of Nilgen Nature Reserve between the road 
alignment and Ocean Farms Estate. This area is 44 hectares in size and therefore 
potentially large enough to sustain viable fauna population. 

Habitat fragmentation has been minimised as far as practicable through the 
alignment planning study. However, due to the nature of the proposal, it is 
inevitable that habitat fragmentation will occur. Habitat loss may in part be offset 
by the reclamation and eventual rehabilitation of the existing network of 
unmanaged off-road vehicle tracks which occur throughout the area. Vegetation 
clearing controls, including appropriate timing for vegetation clearance, to be 
applied as part of the EMP for the works will also serve to minimise impacts on 
fauna and their habitat. 
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Impacts on Threatened Species 

The principal fauna of conservation significance that occur within the study area 
are the Carpet Python and Carnaby's Cockatoo. Carpet Pythons are known to 
occur at the Wedge and Grey settlements. Impact to these populations would 
result indirectly from increased visitor access through potential roadkills rather than 
directly through construction of the road. 

Carnaby's Cockatoo utilises the Marri - Wandoo low forests of Cataby Creek for 
nesting and would also utilise the Tuart woodland for foraging. The road has been 
positioned to avoid the Tuart woodland, and impact to the forest habitat of the 
Cataby Creek area should be minimal. 

Barrier to Fauna Movement 

The road is likely to represent a significant barrier only to small herpetofauna (eg. 
Lerista species), however, it is likely to slow or hinder the movement of larger 
fauna species as a result of increased road traffic. A number of road kills 
(particularly snakes, and larger skinks) were observed on the existing tracks during 
recent field surveys and it is likely that road kills will increase with the roads 
construction. It is however, impossible to predict the number of road kills that will 
occur as no documented studies could be located that have addressed this issue. 

It is questionable whether underpasses are of much value in facilitating fauna 
movement. Some of the few studies to attempt analysis of their use and value 
have indicated little use by native fauna at best and increased predation effects at 
worst (Ecologia, 1995). Certainly underpasses will be of no value to the avifauna, 
most of the smaller reptiles and of little use to the small native rodents. 

Signs advising road users that they are travelling through a National Park or 
Conservation Reserves may help to increase driver awareness and thereby reduce 
the number of road kills. Reduced speeds along the link roads into the Wedge and 
Grey settlements would also assist. 

These management measures will be further developed during the preparation of 
the EMP. 

Stygofauna and Troglobitic Fauna Impacts 

Potential impacts to karst features and associated fauna arising from construction 
and subsequent use of roads include: 

direct impact to a significant karst feature; 

indirect impact during construction if blasting is required; 

abstraction of water for use during construction if required; 

sediment run-off into karst features during construction and early rehabilitation; 
alteration of water quality; and 

drainage alteration, i.e. from nil recharge to recharge or from recharge to nil 
recharge (Bill Humphreys pers corn and Brenton Knott pers corn). 

Despite widespread sampling no stygofauna were recorded from the area. The 
karst survey did not detect any large caves and hence no potential habitat for 
troglobitic fauna is likely to occur under the alignment. As mentioned previously, it 
is unlikely that there would be any substantial microbial-based food webs 
independent of tree roots in the project area (B. Knott, pers. corn.). On this basis, 
it is considered unlikely that any stygofauna populations would be significantly 
affected by the proposal, and no specific management measures are proposed. 
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A detailed drilling program will however be undertaken along the alignment to 
confirm the presence or otherwise of any karst formations beneath the alignment. 

6.3.3 Predicted Outcome 

On the basis of the findings of the field fauna surveys, and given the environmental 
management committed to by the proponent, it is considered that the EPA's 
objectives for terrestrial fauna can be met by the proposal. 

	

6.4 	Wetlands and Water Quality 

6.4.1 EPA Objectives 

The EPA's objectives for this proposal in relation to wetlands and water quality are 
to ensure that: 

the integrity, functions and environmental values of wetlands are maintained 

the beneficial users of surface water can be maintained, consistent with the 
draft WA Guidelines for Fresh and Marine Waters (EPA, 1993). 

the beneficial users of groundwater can be maintained, consistent with the 
draft WA Guidelines for Fresh and Marine Waters (EPA, 1993). 

These factors are addressed in the context of the EPA's objectives in the following 
sections. 

6.4.2 Potential Impacts and their Management 

Route planning for the proposed Lancelin - Cervantes Road took specific account 
of the location of wetlands in the area, regarding them as significant environmental 
constraints. The proposed road alignment selected was then further modified to 
minimise impacts on wetland areas where the preferred alignment passes close to 
them. 

Potential impacts on wetland areas adjacent to the proposed road may arise from 
direct construction phase impacts or longer term process related to changes in 
drainage regimes and drainage water quality. 

These potential impacts may include: 

Alteration to existing hydrological processes 
Degradation of wetland vegetation and impacts on wetland fauna 
Siltation risks during construction 
Risk of spills and reduction of water quality 

These impacts are discussed below along with the management measures 
proposed to minimise the impacts. 

	

1. 	Alteration to existing hydrological processes 

As previously mentioned, the road has been aligned to avoid direct impacts on 
wetlands and significant water courses, however, the presence of the road has the 
potential to alter local patterns of surface drainage and the distribution of localised 
zones of groundwater recharge. The east-west link to the Brand Highway crosses 
Cataby Creek. The alignment follows Mimegarra Road through this section of the 
study area and as no road works are proposed, no direct impacts on this water 
course as a result of the coastal road construction are anticipated. 
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To ensure that existing drainage patterns are not adversely affected, a detailed 
Drainage Management Plan will be developed as part of the detailed design. 
The Drainage Management Plan will be prepared to the satisfaction of the Water 
and Rivers Commission. Particular consideration will be given to locations where 
the alignment directly influences key drainage inputs to adjoining wetlands. 

No geotechnical or hydrogeological surveys have yet been undertaken along the 
preferred road alignment. Main Roads WA has however committed to undertake 
such surveys during the detailed road design stage of the project. 

Large shallow groundwater resources are however known to occur in the 
superficial sands and limestone between Gingin and Cervantes (CALM, 1 998a). 
Fresh groundwater occurs in deep aquifers along the coast from Guilderton north 
to the Lancelin-Wedge area but further north, the deep groundwater along the 
coast is saline (CALM, 1 998a). The construction of the coastal road may impact 
groundwater quality by contaminated surface water runoff infiltrating to the 
groundwater table. This potential impact is however expected to be minimal and 
can be effectively managed by implementing suitable drainage management 
measures which will be detailed in the drainage management plan. 

Degradation of wetland vegetation and impacts on wetland fauna 

Wetland biota is not likely to be substantially affected by the proposal, as the route 
has been located to minimise the need to disturb any wetland areas. The EMP for 
the project will include specific provision for controlling vegetation clearing and 
other potential impacts on flora and fauna in construction areas adjacent to 
wetlands to ensure wetland biota is not affected. 

Siltation risks during construction 

Construction in the limestone based environment of the project areas has the 
potential for surface run-off to mobilise sediments into wetland areas. The 
Drainage Management Plan that will be developed for the project will include 
details on drainage management procedures during construction works. These 
procedures may include measures such as temporary sand-bagging or diversion of 
drainage's to settlement areas prior to discharge to the environment. These 
measures will be developed in consultation with, and to the satisfaction of, the 
Water and Rivers Commission. 

Risk of spills and reduction of water quality 

The risk of spills of potential contaminants and gradual reduction of surface and 
groundwater quality will be a key consideration for the Drainage Management Plan 
to be prepared for the proposal. Drainage design will make provision for 
settlement and / or detention basins in areas adjacent to sensitive habitats such as 
wetlands and creeks. These drainage treatments will be designed to criteria 
agreed with the Water and Rivers Commission and will provide for spillage 
entrapment in the event of an accident on the road and also for detention and 
settlement of 'first flush' road drainage prior to infiltration and release into the 
environment. 

6.4.3 Predicted Outcome 

Given the approach taken to route planning, the above management measures 
and the commitment to prepare a Drainage Management Plan, it is considered that 
the EPA's objectives for wetlands, surface and groundwater can be met by this 
proposal. 
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6.5 	Coastal Landforms and Karst 

6.5.1 EPA Objectives 

The EPA's objective for the factors of coastal landforms and karst are to maintain: 

the integrity, function and environmental values of coastal landforms 

the environmental, scientific, cultural and recreational values of karst 
landforms. 

These factors are addressed in the context of the EPA's objectives in the following 
sections. 

6.5.2 Potential Impacts and Their Management 

The road alignment predominantly traverses the Quindalup and Spearwood dune 
landform systems. Efforts were made during route planning to avoid impacts to 
major Quindalup dune landforms and landforms that present engineering 
difficulties (such as mobile sandsheets). Generally the alignment selected follows 
existing tracks which make use of gaps in the landform and low points in the dune 
landscape rather than traversing ridge tops. In some areas, however, it was not 
entirely possible to avoid impacts to Quindalup dune landforms. 

Just prior to connecting with the existing Pinnacles road, where a zone of fretted 
parabolic dunes (classification after Semeniuk, etal., 1989) occurs, the proposed 
alignment makes use of existing gaps and swales in the dune system utilised by 
the existing unsealed Cervantes to Wedge track. By using alignments of existing 
tracks, further disturbance to the existing coastal landforms will be minimised. 

The road construction will also provide a number of positive indirect impacts to the 
coastal landforms including increased access to the spectacular natural landform 
features particularly those in Nambung National Park. The road construction will 
also provide the opportunity to rationalise and reclaim numerous 4WD access 
tracks, several of which show significant signs of erosion. Rationalising access to 
sensitive coastal areas, particularly the foredunes would reduce impacts on these 
coastal features and will allow for natural rehabilitation and stabilisation to occur. 

The road alignment avoids traversing mobile sand sheets which occur throughout 
the area. The alignment does however, pass adjacent to mobile sandsheets in the 
vicinity of Wedge and Grey. These sheets may progress to the point where they 
begin to encroach onto the road reserve in the medium to long term (20 to 50 
years). Ultimately, stabilisation works may be required to manage the 
encroachment of these sand sheets. Stabilisation works may involve the use of 
sand binding fences, brushing, revegetation and other measures as appropriate, 
however it is envisaged that these measures will not be required for at least 20 
years. 

Liaison with CALM will be undertaken as the mobile dunes approach the road 
alignment to ensure that appropriate management measures are implemented 
when required. 

Stabilisation works may be required during the road construction to minimise 
erosion, particularly in areas of cut and fill. Measures to minimise erosion during 
construction may involve the use of sand binding fences, brushing and 
revegetation as appropriate. These management measures will be detailed in the 
EMP prepared for the project. 

As no major karst formations have been identified along the alignment as having a 
special landform significance in themselves, the issue of impacts and management 
of the scientific values of the karst relates principally to its potential to provide 
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habitat to subterranean fauna. This has been addressed in Section 6.3.2 above. 
The full extent of karst formations will not however be realised until the drilling 
program as detailed in Section 6.3.2 is completed. Should significant caves be 
located appropriate action will be taken. 

Management measures associated with coastal landforms and Karsts will be 
detailed in the EMP prepared for the study area. Specifically, the management 
measures for this factor will include: 

Consideration of the findings of geotechnical drilling works in the context of 
karst formations along the alignment; 

Design criteria for interfaces of road batter slopes and retaining walls with 
Quindalup dunes to ensure that stability and integration with the landform area 
is achieved; and 

Construction dust suppression and surface stabilisation for sections that have 
extended construction time frames. 

In addition, the proponent will maintain liaison with CALM, once the road is 
constructed, regarding appropriate management action to address wind driven 
erosion or mobile sandsheet progression when required. 

6.5.3 Predicted Outcome 

Given the approach taken to route planning, the above management measures 
and the commitments provided by the proponent, it is considered that the EPA's 
objectives for Coastal Landforms and Karsts can be met by this proposal. 

6.6 	Air Pollution 

6.6.1 EPA Objectives 

The EPA's objectives in relation to the factor of Air and Gases are to ensure: 

That gaseous emissions do not adversely affect the environment or health, 
welfare and amenity of nearby land users by meeting statutory requirements 
and acceptable standards. 

Consistency with the Ambient Air Quality NEPM 1998 so that gaseous 
emissions, both individually and cumulatively, meet appropriate criteria and do 
not cause environmental or human health problems; and discharge of gaseous 
emissions is minimised. 

6.6.2 Potential Impacts and their Management 

The proposed road will pass through an area which has no significant issues in 
relation to air quality or greenhouse emissions. The coastal environment between 
Lancelin and Cervantes is routinely subject to strong prevailing south-westerly 
winds from its ocean exposure and there are no significant industry or 
infrastructure contributors to the local airshed. 

Regional traffic that will utilise the proposed road, currently travels along Brand 
Highway and local roads in the Lancelin - Cervantes area. The effect of the 
construction of the new road will be to relocate some of the traffic that would 
otherwise utilise existing roads. The construction of the new road will provide for 
more efficient vehicle transport routes which will not create any additional emission 
contributions to the regional airshed. 
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Traffic projections for the proposed road developed by BSD consultants indicate 
that even in a high growth scenario for the region, traffic levels would be 
approximately 3,763 vehicles per day (vpd) by the year 2021. The generally 
accepted standard, both nationally and internationally, for consideration of whether 
significant traffic emission contributions to the airshed will occur is a lower 
threshold of 5,000 to 10,000 vpd (M. Goldstone, per. comm., 2000). 

When the Ambient Air Quality National Environmental Protection Measure 1998 is 
considered, the lower threshold levels for consideration in relation to traffic 
emissions is 50, 000 vpd. These lower levels provide a guide to minimum traffic 
volumes at which potential airshed quality issues may arise and the projections for 
the proposed road are orders of magnitude less than these lower thresholds. 

As a result, it is unlikely that the gaseous emissions from vehicles using the road 
will adversely affect the environment or health, welfare and amenity of nearby land 
users. Impacts associated with air quality are anticipated to be minimal and 
therefore no specific management measures for this factor are proposed. 

6.6.3 Predicted Outcomes 

Given the above, and the prevailing strong winds of the coastal environment of the 
project area, it is considered that the EPA's objectives for this factor can be met 
without the requirement for any special management. 

6.7 	Noise 

6.7.1 EPA Objectives 

Potential traffic noise impacts associated with the proposal are primarily of concern 
at the southern end of the alignment adjacent to Lancelin. This is particularly the 
case in the vicinity of nearby rural residential developments of Ocean Farms 
Estate and Seaview Park. 

The EPA's objective in relation to the factor of noise is to: 

Protect the amenity of residents from noise impacts resulting from activities 
associated with the proposal by ensuring that noise levels meet statutory 
requirements and acceptable standards. 

6.7.2 Potential Impacts and their Management 

Traffic Noise 

Main Road WA indicated that surveys of existing noise levels were not required for 
this project due to the absence of any significant noise producing sources within or 
adjacent to the study area. Traffic noise propagation modelling was carried out in 
accordance with Main Roads WA standard brief for noise impact assessments 
(Main Roads WA, 1998) and using accepted methodologies developed in the 
United Kingdom (UK Dept of Transport, 1998) which have been adopted widely in 
Australia. This method involves: 

Determination of the basic noise levels generated based on traffic volume 
projections. 

Correction for percentage of heavy vehicles in the traffic mix. 

Additional corrections for the nature of the road surface, distance to the 
nearest sensitive receiver and ground cover. 
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The method was used to generate predictions for traffic noise for the L10(18 hour) 
parameter as this is the key criteria applied by Main Roads for traffic noise 
assessments. This represents the average of the hourly 1-10  values (the noise level 
not exceeded for more than 10% of the time) between 0600 and 2400 hours. 
Given that Ocean Farms and Seaview Park Estates are the nearest sensitive 
receivers to the proposed alignment, noise assessment was initially conducted for 
these locations. Traffic volume projections to derive base noise levels were 
developed by BSD Consultants for Main Roads WA for 2002 (after the completion 
of construction) and 2021, based on both low and high growth scenarios for the 
region. 

The L 0(18 hour) level used by Main Roads in these assessments is 63 dB(A). 

Note that there is currently no statutory standard applicable in Western Australia 
that addresses traffic noise. 

The modelling of these noise levels at the nearest sensitive receiver at Ocean 
Farms Estate (based on a 250 metre buffer between the road and the estate 
boundary) showed, based on the high growth scenario traffic volume projections, 
the L(1 8 hour) for 2021 at the nearest sensitive receiver would be 50.2 dB(A). 

For Seaview Park the L(18 hour) for 2021 at the nearest sensitive receiver would 

be 54.5 db(a). These are both well below the Main Roads criteria for traffic noise 
for the L10(18 hour) of 63dB(A). With moderate traffic growth, noise levels at 

Seaview Park are expected to increase by 1.5 to 2.0 dB(A) 

The Lancelin South Village has not yet been developed and hence it is not 
possible to estimate the noise levels at the nearest sensitive receiver. Noise levels 
would however be expected to be similar to those at Seaview Park which is 
located on the existing Perth to Lancelin Road. 

On this basis, the proposal will clearly be able to meet the EPA's objectives with 
respect to traffic noise. 

However, to further minimise potential noise impacts on nearby residence, 
particularly within the Ocean Farms Estate (where the community has expressed 
concerns about noise impacts), further consideration will be given during the 
detailed design stage to incorporate all practicable measures to reduce traffic 
noise. Management measures designed to minimise traffic noise impacts on the 
conservation reserves and residential areas will be detailed in the Noise 
Management Plan which will be prepared for the project. 

. Construction Noise 

Construction noise is only likely to be a short term issue in association with works 
carried out at the southern end of the alignment near Lancelin. To address this 
issue, the following management measures will be implemented: 

works will be limited to set hours consistent with the requirements of the Shire 
of Gingin and Dandaragan; 

road works will be managed in accordance with the requirements of the 
Environmental Protection Noise Regulations 1997. 

A noise management plan will be prepared and implemented. 

If any complaints are received from members of the public during construction 
then means of reducing construction noise levels will be investigated. 
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6.7.3 Predicted Outcomes 

The potential noise impacts of the road construction will be effectively managed by 
implementing the measures outlined above. These measures will ensure that the 
proposal meets the EPA's objectives with respect to construction noise. 

6.8 	Aesthetics and Visual Amenity 

6.8.1 EPA Objectives 

The EPA's objectives for the factors of visual amenity and wilderness are to: 

Ensure that visual amenity of the area is not significantly affected by 
implementation of the proposal; and 

Maintain and enhance the area's sense of wilderness. 

These factors are discussed below in the context of the EPA's objectives 

6.8.2 Potential Impacts and their Management 

There are many unmanaged tracks throughout the Lancelin to Cervantes area and 
these afford the opportunity to appraise how the road may impact on visual quality. 

Over the gently undulating landform of the first several kilometres north of 
Lancelin, the potential impact of the road will not be significant if basic 
environmental and landscape design guidelines are implemented. Where the road 
passes along ridges, care will need to be exercised to protect the integrity of the 
ridgelines. 

A number of viewing opportunities, over inland perspectives are available. 
Lookouts and parking bays could be established to take advantage of the views. It 
is important however, to ensure that the establishment of such viewing stations will 
not detract from the values for which they are intended to take advantage of. 

A distinctive feature of the route is the presence of the mobile dunes. These dunes 
form a visual contrast to the bush setting surrounding them and the location of the 
road alignment close to these features adds to the visual amenity. 

The proposed road north of Wedge Island has been aligned behind established 
dunes, mostly in swale areas to minimise potential visual impacts when viewed 
from a distant view point. Care will however, still need to be taken to ensure the 
alignment avoids unnecessary earthworks including vegetation clearance to further 
minimise potential impacts. 

The landscape through which the more easterly section of Mimegarra Road 
alignment passes, does not fit with the EPA criteria for wilderness, as much of this 
land has been cleared for grazing. Visual impacts through this section of the road 
alignment can therefore be considered to be minimal. 

As the proposed alignment heads west to meet the proposed Lancelin to 
Cervantes road, it crosses a series of dunes and swales. Care will need to be 
taken to protect the integrity of the dune system through this section of the 
alignment. 

During the planning study, the road alignment was modified in a number of ways to 
maximise the opportunity for ocean views while minimising the potential impacts 
on the areas sense of wilderness. These modffications include the following: 
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One of the factors which resulted in alignment L3 being identified as the 
preferred alignment near Lancelin was due to the prominent ocean views it 
provided. 

Adjacent to the Ocean Farms Estate, the road will be located within a valley to 
minimise impacts on visual quality from the estate. Other management 
measures to minimise the potential noise impacts on this estate will be 
considered during the detailed design stage. 

Between Wedge and Grey, the alignment was placed on the western side of 
the ridge to increase ocean vistas along this section of the alignment. 

The location of the road connection to the Pinnacles Road was realigned to 
minimise potential visual impacts from the Pinnacles. 

Potential visual impacts will be further reduced by adopting the following 
measures: 

During detailed design stage, review standard criteria, minor realignment and 
areas of cut and fill to reduce land clearing requirements. 

The alignment will conform as fully as practicable with existing landforms and 
avoid unnecessary embankments and cuts. 

Strategically locate lookouts and parking bays to maximise ocean vistas. 

Construction programmes will consider site clearance and revegetation and 
reuse of topsoil back to the location from which they originated. 

Clearance of vegetation will be minimised. 

Siting the road to minimise visual intrusion from overlooking areas. 

Using local stone and other materials in the formation of any construction, 
including retaining walls etc. 

Preparation of a comprehensive Landscape Management Plan to address all 
the above matters and to detailed revegetation treatments utitising locally 
occurring native flora species. 

These measures have been consolidated into the proponent's commitment to 
prepare a Landscape Management Plan for this proposal. 

6.8.3 Predicted Outcomes 

Although the proposed road construction will detract from the existing sense of 
wilderness of the project area, it is considered that the EPA's objectives for visual 
amenity and wilderness can be met by the proposal by implementing the design 
and construction management measures committed to by the proponent, 

6.9 	Culture and Heritage 

6.9.1 EPA Objectives 

The EPA's objectives for the factor of culture and heritage are to ensure that: 

changes to the biophysical and physical environment resulting from the 
proposal do not adversely affect cultural associations with the area. 
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the proposal complies with the requirements of the Aboriginal Heritage Act 
1972. 

These factors are addressed in the context of the EPA's objectives in the following 
sections 

6.9.2 Potential Impacts and their Management 

As there are no sites of ethnographic or archaeological significance within the area 
proposed for the development, there will be no impacts on any known sites 
protected under the Aboriginal Heritage Act 1972. 

The only concern that was raised during the ethnographic survey was that no 
construction work should be undertaken within conservation reserves along the 
east-west link (Mimegarra Road alignment) (O'Connor, 1999, 2000a, 2000b and 
2000c). The proposed Mimegarra Road alignment does not pass through any 
conservation reserves and therefore this requirement can be fulfilled. 

Two management recommendations were made in regard to Aboriginal 
archaeological heritage and the proposed alignment (Quartermaine, 1999, 2000b 
and 2000c). These are: 

The proponent take adequate measures to inform any project personnel that 
human interference to Aboriginal sites is an offence, unless authorised under 
the Act, as outlined in Section 17 of the WA Aboriginal Heritage Act, 1972. 

If the north-eastern perimeter of the reserve at Wedge is developed where 
mobile sands have retreated and left limestone platforms and calcrete ridges, it 
is recommended that extra care be taken because of the high site potential 
within this formation. 

These management measures will be included in the EMP for the construction of 
the proposed road, as will requirements to cease work and seek formal advice if 
any potentially significant archaeological material is discovered during 
construction. 

The proposed road alignment has been identified by the Yued Native Title 
applicants and qualified archaeologists as being free of Aboriginal Heritage 
concerns. 

6,9,3 Predicted Outcome 

Given the above, it is considered that the management measures identified above 
will be adequate to ensure that the EPA's objectives for this factor will be met. 

6.10 Public Health and Safety 

6.10.1 EPA Objectives 

The EPA's objectives in respect of this issue of public risk and safety are to ensure 
that: 

public risk is as low as reasonably achievable, complies with acceptable 
standards and is managed to meet the EPA's criteria for individual fatality risk 
off-site. 

the LDTA is clearly designated and managed to ensure that public risk is low 
as reasonably achievable. 
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This factor is addressed in the context of the EPA's objectives in the following 
sections 

6.10.2 Potential Impacts and their Management 

Unexploded Ordnance (UXO) 

The location of the area potential affected by unexploded ordnance's (UXO's) is 
shown on Figure 6.1 (provided by Main Roads WA). The preferred road alignment 
passes through the centre of the area potentially affected by UXO. 

In order to address the issue of UXO occurrence in the project area, a search and 
remediation exercise will need to be carried out. Main Roads WA will arrange for a 
UXO survey to be carried out in accordance with the requirements of the 
Department of Defence and the Fire and Emergency Services Authority of WA. 

A search of the proposed road alignment will be undertaken within the 100 metre 
wide road corridor. This search is designed to identify and characterise locations 
that are potentially affected by unexploded ordnance (UXO) and 6% of the 
alignment is to be covered in six search lanes each of one metre minimum width, 
generally equally spaced across the alignment. In the event that an area was 
identified as potentially UXO affected, more intensive remedial search (ie., total 
instrument coverage) would be required. 

The UXO survey involves the use of an instrument, similar to a metal detector, 
which is swept backwards and forwards over the ground in close proximity to the 
surface in search for complete ordnance items or part there of. 

Under this method, some reduction of vegetation is usually required, not only to 
enable access for the equipment operator, but also to enable the detection 
equipment to perform to its optimum capability. 

Prior to any vegetation removal, specialist assistance would be sought in briefing 
the UXO contractor's field staff of any rare or endangered flora that may be 
encountered during the UXO survey and advising how appropriate preservation 
management measure for these species could be implemented. These 
management measures will be developed in consultation with CALM. 

Military Vehicle Crossing Points 

The proponent has been in discussion with the Department of Defence in respect 
of safety, design and procedural requirements for military vehicle crossing points 
on the proposed Lancelin to Cervantes Coastal Road. At this preliminary stage of 
the road design, the details of crossing point location, design and management are 
not available. 

However, the proponent commits to continue liaison with the Department of 
Defence to ensure that the ultimate location and design of these crossing points is 
consistent with Main Roads road safety design standards and that any risks to the 
public are kept to an absolute minimum. A public safety management plan will be 
developed which documents the management requirements to minimise risks to 
public health and safety. 

Signs along the Lancelin-Cervantes Coastal Road may be required in the proximity 
of these crossing points, warning motorists that slow moving vehicles cross in this 
location. 
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. 	Risk and Hazards During Defence Training Exercises 

The Department of Defence anticipates that a full scale military training exercise 
will be carried out at the Lancelin DTA at intervals of approximately five to eight 
years. During these exercises, the Lancelin to Cervantes coastal road would be 
intermittently closed to the public for a period of approximately two weeks. Prior to 
these exercises the Department of Defence will: 

Liaise with Main Roads WA and the Shires of Dandaragan and Gingin in 
advance of the exercise and anticipated road closure requirements. 
Notify the public in advance of such exercises that the road will be closed. 
Erect signs and traffic barriers at the northern and southern ends of the 
alignment informing the public of road closures; and 
Establish an around-the-clock guard on the road closure barriers at either 
end of the alignment. 

The Department of Defence has agreed to accept full responsibility for any 
damage to public assets, such as the Lancelin to Cervantes Coastal Road, due to 
such military exercises. 

. 	Access to the LDTA 

The boundaries of the road reserve and the LDTA will be fenced with a standard 
agricultural fence. Suitable danger signage prepared to Australian Standards 
deterring access into the LDTA will be erected along this fence. This signage will 
clearly indicate that the area beyond the fenced reserve is a live military firing 
range and public access is strictly forbidden. 

The proponent will continue liaison with the Department of Defence in respect of 
finalising fencing and signage to ensure that public access to the LDTA is 
controlled. The fencing requirements will be documented in the public safety 
management plan. 

6.10.3 Predicted Outcomes 

Many of the management requirements to address the issues of public risk and 
safety relate to Department of Defence procedures. These issues are not under 
the control of the proponent for this proposal. However, what has been presented 
in this PER is information provided by the Department of Defence and the 
proponent commits to continuing liaison with the Department to ensure that public 
risks associated with the road adjacent the DTA are kept to an absolute minimum. 

Given the procedures to be followed by the Department of Defence in respect of 
UXO, future training exercises and controlled access to the site, and the ongoing 
consultation with the Department committed to by the proponent, it is considered 
that risks to public safety will be well managed. With this management, the EPA's 
criteria for public risk and its specific objectives can be met by this proposal. 
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7.0 	Environmental Management 
Commitments 

7.1 	Proponents Commitments 

This PER details the environmental management strategies and procedures that 
have been developed to minimise the potential environmental impacts caused by 
the proposed road construction and a number of formal commitments have been 
made by the proponent. These commitments are outlined in Table 7.1. The 
commitments will be implemented prior to construction and will be auditable by the 
Department of Environmental Protection. 

Table 7.1: 	Proponent's commitments 

Proponents Objective Action Timing Whose 
Commitment  requirements 
1. Prepare and To ensure that Prepare an Environmental Develop prior CALM, DEP, 

implement an environmental Management Plan which to Shire of Gingin 
Environmental impacts are details management construction, Shire of 
Management Plan prevented or measures to minimise implement Dandaragan 

minimised in the adverse impacts on issues during 
design, construction including: construction 
and operation of the coastal access and and 
Lancelin to erosion controls; operations 
Cervantes Road rehabilitation and 

topsoil management; 
fire control and 
response; 
dieback management; 
weed hygiene; 
vegetation clearing 
controls, including 
timing; 
fauna management; 
visual amenity; 
cultural heritage sites; 
dust suppression; and 
waste management. 

Liaise with CALM 
regarding management of 
the road reserve through 
the conservation areas and 
the closure and 
rehabilitation of existing 
access tracks. 

Undertake a To ensure that Undertake survey during Prior to CALM, DEP 
targeted threatened impacts on spring. construction 
flora survey during populations of 
spring threatened flora, 

particulariy along 
the Mimegarra Road 
alignment, Grey 
access road and the 
preferred alignment 
at Lancelin are 
minimised or 
avoided  

Cany out site To ensure that no Undertake site specific Prior to CALM 
specific biological significant flora or flora and fauna construction 
assessment of fauna species are assessments once 
borrow pits and spoil affected by the materials sourcing sites  
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Table 7.1: 	Proponent's commitments 

Proponents Objective Action Timing Whose 
Commitment  requirements 

disposal areas. location of access are identified, with 
tracks and water avoidance or management 
bore and materials of any rare taxa as 
sourcing sites appropriate. Prepare a 

Borrow Pit Management 
Plan.  

Continue liaison To ensure that the Liaison with the Shire of Detailed DEP 
with local authorities road design Gingin, CALM and other design and 
and CALM accommodates and local stakeholders during construction 

integrates with the the detailed design phase phases 
access and facilities on issues such as roadside 
for adjoining land stopping bays, coastal 
managers and access points, signage and 
stakeholders access to Wedge and Grey  

Prepare and To maximise the Prepare a landscape Develop CALM, Shire of 
implement a retention of local management plan which during final Gingin 
Landscape landscape values addresses measures to road design, Shire of 
Management Plan and enhance the minimise impact on local implement Dandaragan 

visual amenity of the landscape character and during 
finished road remnant vegetation, construction 

appropriate earthworks 
and revegetation 
treatments and maximising 
visual amenity at roadside 
stopping bays, coastal 
access points and access 
roads into Wedge and 
Grey.  

Prepare and To ensure that Prepare a Drainage Develop prior Water and 
implement a changes to surface Management Plan to to Rivers 
Drainage hydrology and minimise changes to the construction, Commission, 
Management Plan groundwater quality existing drainage pattern. implement Shire of Gingin 
(DMP) of the surrounding The DMP will address: during Shire of 

area are prevented Drainage patterns; construction Dandaragan 
or adequately Pollution and 
managed Management; and operations 

Post construction 
management  

Prepare and To ensure that Continue liaison with Design, DEP and the 
implement a Public public risk is as low Department of Defence in Construction Department of 
Safety Management as reasonably respect of the LDTA to and Defence 
Plan achievable and flnalise locations of military Operation 

complies with vehicle crossing points, phases 
acceptable LDTA fencing 
standards. requirements and other 

related issues. 
Carry out a UXO To minimise public Commission a UXO survey Prior to On advice from 
search and risk in the to be undertaken by an construction the Department 
remediation exercise construction and approved contractor in of Defence and 
consistent with operation of the accordance with the Fire and 
Department of proposed road Department of Defence Emergency 
Defence procedural requirements Services 
requirements  Authority WA 

9.Prepare and To ensure noise Prepare noise Prior to DEP 
implement a Noise levels during road management plan to allow construction 
Management Plan construction and for the design and 

operation meet construction of noise 
statutory measures within the 
requirements and vicinity of the Ocean 
acceptable Farms Estate. 
standards. 

The NMP will include  
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Table 7.1: 	Proponent's commitments 

Proponents Objective Action Timing Whose 
Commitment  requirements 

details on acceptable 
working hours and 
development of a 
complaints handling 
procedure.  

10.Undertake a To ensure no Prepare and implement a Prior to DEP 
geotechnical drilling significant caves or geotechnical drilling construction 
program. karsts occur within program within the road 

the road alignment, alignment.  
11.Develop an To ensure that all Incorporate environmental Design and As specified by 

induction program. works are executed management Construction the Ministerial 
in accordance with requirements, as specified phases Statement for 
approved in the Ministerial Statement this proposal 
environmental for the proposal, into and any 
management and Contract specifications as management 
project Conditions appropriate and develop documents 
and commitments an environmental induction required by the 

program. Ministerial 
Statement. 

7.2 	Proposed Budget 

The DEP guidelines issued for this project require that an indication of the budget 
which will be allocated for implementing the management commitments listed in 
Table 7.1 be provided in the PER. 

The overall cost for the construction and ongoing maintenance of the Lancelin to 
Cervantes Coastal Road has not yet been calculated. This will be undertaken at 
the detailed design stage of the project. However, in accordance with other road 
development projects in the vicinity, Main Roads WA have indicated that an 
environmental budget in the order of $1.5 million will be set aside for the project. 
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Appendix A 

EPA Instructions for the Public Environmental Review 
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Environmental Protection Authority 
Guidelines 

COASTAL ROAD BETWEEN LANCELIN AND CERVANTES, 
SHIRES OF DANDARAGAN AND GINGIN 

(Assessment Number 1282) 

Part A 	 Specific Guidelines for the preparation of the Public 
Environmental Review (PER) 

Part B 	 Generic Guidelines for the preparation of an 
environmental review document 

Attachment 1 	Example of the invitation to make a submission 

Attachment 2 	Advertising the environmental review 

Attachment 3 	Project location map 

These guidelines are provided for the preparation of the proponent's environmental review 
document. The specific environmental factors to be addressed are identified in Part A. The 
generic guidelines for the format of an environmental review document are provided in Part B. 

Part 'A' and Part B' of hese guidehnes prior to approval beuig 
giyen' o: 	encQ1epIlilic review. 
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Part A - Specific Guidelines 

Part A: Specific Guidelines for the preparation of the 
Public Environmental Review (PER) 

1. The proposal 

As part of the continuing construction of the Lancein to Dongara Coastal Road, Main Roads 
WA (the proponent) intends to construct the final two-lane sealed section of 68km between 
Lancelin and Cervantes, in the Shires of Gingin and Dandaragan. A portion of the proposed 
Lancelin to Cervantes coastal road passes between areas of land held and managed by the 
Defence Department for defence training purposes. The proposed road alignment is indicated 
on the attached plan (Attachment 3). 

Access to coastal communities is currently via Brand Highway, which creates a long, round trip 
between communities. The proposed link is part of the long-term concept of a complete coastal 
road which will cater for commercial and social interaction between coastal communities. It will 
provide a more direct access to the rock lobster and tlsh.ing industries and reduce travelling time 
for school buses and traffic accessing medical and other social facilities. 

The link will also provide an alternative for tourist traffic, separating the lighter vehicles from 
the heavy, long-distance freight vehicles which use Brand Highway. 

The EPA considers that the proposal includes the construction of the road, and 
the extraction/provision of road building materials; These components of the 
proposal, together with the impacts caused by increased accessibility, should 
be clearly addressed in the Public Environmental Review document (see Notes 
following table outlining scope of work required). 

Please note: 
(I) 	Because the proposed road alignment passes through a small portion of 

Commonwealth-owned land, provisions of the Environment Protection 
(Impact of Proposals) Act apply. The Department of Defence has a 
Memorandum of Understanding with Environment Australia, under which 
Environment Australia's approval of the environmental review must be 
obtained. Consequently, adequate liaison with Environment Australia 
and the Department of Defence is necessary. 

(ii) 	Could you please supply the project officer with an electronic copy of the document for 
use on Macintosh, Microsoft Word Version 6. and any scanned figures. Where 
possible, figures should be reproducible in a black and white format. 
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Part A - Specific Guidelines 

2. Environmental factors relevant to this proposal 
These factors should be addressed within the environmental review document for the public to 
consider and make comment to the EPA. The EPA expects to address these factors in its report 
to the Minister for the Environment. 

The EPA expects the proponent to take due care in ensuring any other relevant environmental 
factors which may be relevant to EPA consideration of the proposal and/or of interest to the 
public are addressed. 

At this preliminary stage, the Environmental Protection Authority (EPA) believes the relevant 
environmental factors, objectives and work required is as detailed in the table below: 

CONTENT SCOPE OF WORK 

Factor Site 	specIfic EPA objective Work required for the 
factor environmental review 

BIOPHYSICAL  

Terrestrial Flora Vegetation Maintain the tdentify vegetation which may be directly 
abundance, species or indirectly 	impacted by 	the 	proposal. 
diversity, gcgraphic Map and describe the abundance, diversity, 
distribution and disuibuiion and condition of the existing 
productivity of vegetation in sufficient detail to identify its 
vegetation, conservation 	significance. 	Discuss 	the 

conservation value by referring to regional 
data sets, including Griffin E A, 	1994; 
Griffin F A, 	1998; Gibson et a!, 	1994; 
english & Blyth, 1997; and aurbidge at al, 
1990 (see Notes below). 	Clearly describe 
the methodology used and its limitations. 

Discuss the 	potential direct and indirect 
impacts of the proposal on the existing 
environment, including roadside vegetation. 

Describe proposed management àieasures, 
including 	tire 	management 	and 	waste 
management. to: 

minimise 	clearing 	or 	loss 	of 
vegetation; and 

rehabilitate any 	accesa tracks to 	be 
closed. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

2 
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Part A - Specific Guidelines 

System S - 
Naxnbung National 
Park; Wanagarren 
Nature Reserve; 
Nilgen Nature 
Reserve. 

-. Ensure that the 
conservation values 
and management of 
the national park and 
nature reserves are not. 
compromised. 

Ensure that 
regionally significant 
flora and vegetation 
communities in these 
reserves are adequately 
protected, 

identify and discuss potential direct or 
indirect impacts of the proposal on the 
conservation values of Naxnbung National 
Park. Wanagasren Nature Reserve and 
Nilgen Nature Reserve, including 
excisions/additions and management 
implications (additional tourists etc). 
Discuss visual axnenityflandscape issues 

facr below) with specific reference to 
the National Park and Nature Reserves. 

Document proposed management measures 
which will be implemented to ensure the 
values of these reserves are maintained. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

Weeds and Ensure that regionally Identify weeds and diseases 	which 	may 

Diseases, including significant 	flora 	and potentially cause adverse impacts as a result 

Dieback vegetation 	axe of implementation of the proposal. 
lUu1t5Y 	protected Identify 	the 	habitats 	that 	are 	most 

from 	the 	spread 	of vulnerable to weed invasion or spread of  
weeds 	and 	diseases, diseases. 
including dieback. 

Describe proposed management measures to 
prevent or mitigate the impacts of weed  
invasion 	and 	spread 	of 	disease 	during 
construction and operation of the road. 	For 
example, construction materials are to be 
weed and disease free. 

Detail how the management measures will 
be canied out, and to whose satisfaction 
this work will be done. 

Declared Rare Protect Declared Rare Identify 	species 	of 	Declared 	Rare 	and 

Flora. Priority and Priority Flora, Priority Flora, 	if any, 	which 	may 	be 

Flora and other consistent with the directly 	or 	indirectly 	impacted 	by 	the 

significant flora provisions of the proposal. 
Wildljfe Coruerva110n . Identify other species of significance that 
Ac: /950, and may be impacted by 	the proposal and 
Cornnmonwealth discuss the reason for their conservation 
5ndan cred significance. 	These species may include 
Acr.  undescribed 	taxa; 	new 	records 	for 	the 
Proteer other flora of region; species or taxa that are endemic to 
conservation the region orat the limit of their range; or 
significance. species confined to specific sites of limited 

occurrence in the region. 

Retain 	voucher 	specimens 	for 	all 
significant species and lodge them with the 
WA Herbarium. 

Flora survey work should be undertaken 
during 	the 	flowering 	season 	(late 
winter/spring). 

Describe management measures (if any) to 
prevent 	impacts 	on 	Dec;larcd 	Rare 	and 
Priority Flora, and to whose satisfaction 
the work will be done. 

91 
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Terrestrial Fauna Stygofauna and 
troglobitic fauna 

Protect stygofauna and 
troglohitic fauna 
consistent with the 
provisions of the 
Wildlife Conservation 
AC: 1950 

Maintain the 
abundance. diversity 
and geographic 
distribution 	f 
stygotauna 	d 
troglobitic fauna. 

See "Karsi" factor below. 	if karst features 
are identified, then determine the presence 
or absence of stygot'auna and troglobitic 
fauna. 

[1 presenL 	fy key habitats and identify identi . 
fauna to 	lowest 	level possible 	(that 	is 
family, genus, or species). 

. Discuss the potential 	direct and indirect  
impacts of the proposal on the existing 
fauna and their habitats. 

Describe proposed management measures to 
ensure maintenance of abundance, diversity 
and distribution of the fauna. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

Specially Protected Protect Specially Identify species of specially protected and 

(Threatened) Fauna Protected (Threatened) priority fauna and their habitats, which may 
Fauna and Priority be directly or indirectly impacted by the 
Fauna species and proposal. The road should not form a 
their habitats, barrier to natural fauna movement or 
consistcnt with the corridors. Where the road passes through 
provisions of the the Defence Training Area, describe design 
Wild! (fe Conservation detail of any fauna crossing points that may 
Ac: 1950 and the be required, or other proposed management 
Commonwealth measures, to ensure that movement of 
Endangered Species fauna is adequately provided for. 
Ac:. Identify other significant fauna which may 
Protect other be impacted by the proposal and discuss the 
signilicant fauna. reason for their significance. These species 

may include undescribed taxa; new records 
for the region; species or taxa that are 
endemic to the region or at the limit of 
their range; or species confined to specific 
sites of limited occurrence in the region. 

Describe design detail or proposed 
management measures to ensure 
maintenance of abundance, diversity and 
distribution of the fauna. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

Wetlands Wetlands - Maintain the integrüy. Describe how wetlands, such as West Twin 
including functions and Hills, Indoon, Claypan and Limey Lookout 
underground if environmental values Suites, 	and 	including 	cave 	pools 	and 
karst is present, of wetlands. underound conduits (if they are present) 
(see "Karst" may be directly or indirectly impacted by 
below), the proposal. 

Identify 	road 	design, 	alignment, 
construction and management measures to 
protect wetlands from adverse impacts. 

Detail how the management measures will 
be carried out, 	and to whose satisfaction 
this work will be done. 
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Lagl 	 Coastal landforms Maintain the integrity, I Describe the coastal landforms that may be 
function and 	impacted by the proposal (both directly and 
environmental values indirectly as a result of improved 
of coastal Iandforns 	accessibility), and their significance. 

Identify landforms and dunes potentially 
subject to coastal processes and coastline 
movements, and proposed management 
measures to protect against adverse 
impacts. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

Karst Maintain the Identify and describe the karst landforms 
environmental, that may be directly or indirectly impacted 
scientitic, cultural and by the proposal (also see above factors of 
recreational values of "Stygofauna and 	troglobitic 	fauna" 	and 
karst landforms. 'Wedands"). 

Describe 	how 	the 	proposal 	will 	be 
designed, constructed 	and 	maintained 	to 
minimise impacts on karst landforms. 

Describe proposed management measures to 
ensure maintenance of the values of karst 
landforms. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

POLLUTION MANAGEMENT  

Air Oases Ensure that gaseous Describe the existing air environment based 
emissions do not on established criteria, agreed with DEP. 
adversely affect the 

Discuss the likely direct and indirect 
environment or hcalth, impacts of the proposal on the existing air 
welfare and amenity of 
nearby land users by 

en vironmeni. 
 

meeting the statutory Discuss the proposed management 
requirements measures which will be implemented to 
(including Section 51 ensure that gaseous emissions do not 
of the Environmental adversely affect the environment, or health, 
Protection Act 1986) welfare and amenity of nearby land users. 
and acccptabk 

Detail how the management measures will 
be carried out, and to whose satisfaction 

Ensure consistency this work will be done. 
with the Ambient Air 
Quality NEPM 1998 
so that gascous 
emissions, both 
individually and 
cumulatively, meet 
appropriate criteris and 
do not causc 
environmental or 
human health 
problems: and 
discharge of gaseous 
emissions is 
minimised, 

5 
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Water Surface water 
quality - 
contamination 
with pollutants in 
road runoff 

Ensure that the 
beneficial uses of 
surface water can be 
maintained consistent 
with the draft WA 
Guidelines for Frcsh 
and Maxine Watcr 
(EPA. 1993). 

Assess and document any existing surface 
water and its catehrnent. 

Discuss the likely direct and indirect 
impacts of the proposal, including 
accidental spillage of hazardous materials, 
on the surface water and the catchnient. 

Discuss the proposed management 
measures which will be implemented to 
ensure that the existing and potennal use of 
the surface water and catcbment, including 
ecosystem maintenance, are protected. 

Detail how the management measures will 
be carded out, and to whose satisfaction 
this work will be done. 

Groundwater Ensure that the Assess and document any existing ground 
quality- beneficial uses of water and its cacchrnent. 
contamination 
with pollutants in 

groundwater can be 
maintained, conststcnl Discuss the likely direct and indirect 

road runoff with the draft WA impacts of the proposal, including 

Guidelines for Fresh accidental spillage of hazardous materials, 

and Marine Waters on the ground water and the carchmertt. 

(EPA. 1993). Discuss the proposed management 
measures which will be implemented to 
ensure that the existing and potential use of 
the ground water and caichment, including 
ecosystem maintenance, are protected. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

4on-chemical Noise Protect the amenity of Undertake nnffic noise modelling using 
emissions residcnts from noise recognised methodology. 

impacts resulting from 
activities associated Discuss the direct and indirect impacts of 

with the proposal by a aftic noise upon nearby residents in 

ensuring that noise townships and rural residential 

levels meet statutory developments such as Ocean Farm, 

requirements and Seaview Park and the Lancolin South 

acceptable scandards Village (Swan Locations 3202 and Pt 
3203). 

Discuss the proposed management 
measures which will be implemented to 
ensure that the noise levels meet statutory 
requirements and acceptable standards 
established in consultation with the DEP. 

Detail how the management measures will 
be carried out, and to whose satisfaction 
this work will be done. 

6 
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SOCIAL SURROUNDINGS 

Aesthetic Visual amenity Ensure that visual Conduct a visual 	impact analysis using 
amenity of the area is recognised 	methodology, 	with 	particular 
not significantly reference to the portion of the route which 
affected by traverses Nambung National Park and the 
implementation of the Wanagarren and Nilgen Nature Reserves. 
proposal. 

Discuss what measures will be taken to 
ensure that visual amenity of the area is not 
significantly affected by implementation of 
the proposal. 

Wilderness Maintain and enhance Describe the current wilderness values of 
the area's "sense of the area. 
wilderness". Identify existing areas which are deaded. 

Discuss the impacts of the proposal on the 
wilderness values of the area and describe 
how the proposal may restore degraded areas 
and avoid, minimise and/or manage the 
impacts. 

Culture and heritage Aboriginal culture Ensure that changes to Establish whether any sites of Aboriginal 
and heritage the biological and archaeological 	and/or 	ethnographic 

physical environment significance may be impacted. This should 
resulting from the be 	done 	in 	consultation 	with 	local 
proposal do not Aboriginal communities and native Title 
adversely affect claimants. 
cult,;ral associations 
with the area. Lodge 	investigation 	reports 	of 

arvhaeological 	and ethnographic 	surveys 
Ensure that the with the Aboriginal Affairs Department. 
proposal complies 
with the requirements Obtain 	any 	permits 	or 	Ministerial 

of the Aboriginal approvals required under the Aboriginal 

Heri:agc Act 1972. Heritage Ac: 1972, including a section 18 
permit from the Minister for Aboriginal 
Affairs. 

Public health and Risk and hazard. Ensure that public risk Establish the area potentially affected by 
safety- Lancelin Unexploded is as law as unexploded ordnance in the vicinity of the 
Defence Training ordinance reasonably achievable, proposed route, 
Area complies with 

acceptable standards Describe measures undertaken or adopted to 

and is managed to reduce the risk 	of fatality/injury 	during 

meet the EPA's construction and ongoing use of the road  

critena for individual and adjacent areas. 

fatality risk off-site. Detail to whose satisfaction the work will 
be done. 

Risk and hazard - Ensure that public risk Describe 	the 	design, 	construction 	aixi 
Military vehicle is as low as management of military vehicle crossing 
crossing points reasonably achievable, points 	to 	minimise 	the 	risk 	of 

complies with fatality/injury and reduce conflict bctwn 
acceptable standard-s military and civilian uses of the road. 
and is managed to 
meet the EPA's Detail 	to 	whose 	satisfaction 	or 
criteria for individual responsibility the work will be done and 

fatality risk off-site. the measures applied. 

7 
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Risk and hazard - Ensure that public risk Describe 	the 	measures 	undertaken 	or 
Road closure is as low as adopted to reduce the risk of fatality/injury 
during training reasonably achievable, arising from use of the road when the 
exercises complies with Lancelin Defence Training Area is in use. 

acceptable standarth 
and is manage.o to Detail 	to 	whose 	satisfaction 	or 

meet the EPKS responsibility 	these 	measures 	will 	be 

criteria for individual appliLd. 

fatality risk off-site. 

Access to Defence Ensure that the Describe 	measures 	to 	designate 	the 
Training Area Defence Training Area boundaries of the Defence Training Area 

is clearly designated and any other measures 	that 	may 	be 
and managed to ensure undertaken to minimise 	the risk arising 
that public risk is as from access to the Defence Training Area. 
low as reasonably 
achievable. 

Notes: 

1 	General requirements to be addressed 

For all environmental factors and issues: 

describe existing environment and its significance within the corridor which may be 
potentially impacted by both the proposed road and users of the proposed road. 
Aerial photographs should be included where available; 

describe the impacts, both direct and indirect, that will occur and may potentially 
occur on the environment, as a result of.- f: 

- - the construction of the road (for example, clearing to accommodate both the 
proposed road and access to the proposed road during the construction phase); and 

- the use of the road (for example, increased visitor pressure on the National Park 
and Nature Reserves, increased access to and haulage of basic raw materials, 
including limesands, and increased access to coastal areas); 

detail management measures to ensure that the objectives for each factor and issue 
are met, and that potential adverse impacts are prevented and/or rninimised; and 

provide detailed list of environmental commitments The commitments made by the 
proponent to protect the environment should be clearly defined and separately listed. 
Where an environmental problem has the potential to occur there should be a 
commitment to rectify it. 

Given the significant urban and rural residential developments proposed in the area, 
particularly in the vicinity of the Lancelin townsite, ongoing liaison with the Shires is 
recommended. 

2 	Also address any other environmental issues that may arise during the 
preparation of the public environmental review. 

Received Tine5.j.! . 
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3 	Proposal Description 

In describing the proposal, include the following: 

justification of the need for the road in context of the broad environmental 
consideration of increasing accessibility to conservation and coastal areas; 

justification of the alignment and design of the road, including various options 
(such as in the Wedge Island locality) to ensure the alignment and design have been 
selected to minimise environmental impact, minimise visitor management problems, 
minimise use by heavy long distance freight vehicles (for example, through 
regulations and/or design speed), and maintain a range of coastal management 
options (such as maintaining no access areas in wilderness or sanctuary zones); 

construction priorities (which sections are likely to be constructed first); 

standard of construction (for example, sealed/unsealed) and design speed of 
sections; 

construction options considered (standard of construction options for alignment of 
road and crossings etc); 

the sources of road materials, including the potential for significant impacts on the 
environment; 

explanation of the management of construction of individual sections to minimise 
environmental impacts; 

the likely timefrarne, including reference to tirneframe for implementation of 
measures to facilitate the management of the likely increase of tourists; 

investigation of the relationship between the management of the impacts of the 
proposed road with CALM's management responsibilities (for example, through a 
management agreement); 

investigation of the relationship between the management of the impacts of the 
proposed road with the Defence Department's management responsibilities for the 
adjoining Defence Training Area; 

consideration of associated utility requirements (communications, gas lines etc) and 
their impact on the envIronment; 

estimates of road user characteristics and numbers, including projections for 
increased tourist numbers as a result of the proposed road, projections of heavy 
long distance freight vehicles which may use the route as an alternative to Brand 
Highway, and projections of hinesands resource extraction traffic; and 

estimate of costs associated with monitoring and management of environmental 
impacts, both direct and indirect, that may result from the proposed road. 

4 VegetatIon 
Regional vegetation data sets are mentioned under the factor of 'Terrestrial Flora" in the 
above table. The following references are examples only, and are not considered to be 
exhaustive: 

Burbidge et al. 1990. Nature Conservation, Li.mdscape and Recreation Values of the 
Lesueur Area. A report to the Environmental Protection Authority from the Department of 
Conservation and Land Management, EPA Bulletin 424, Perth, Western Australia. 

Rece.ved Tsc 
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English V J and Btyth 1, 1997. /dentfying and Conserving Threatened Ecological 
Communities in the South West Botanical Province. Final Report to Environment 
Australia, Department of Conservation and Land Management, Project No N702, Como, 
Western Australia. 

Gibson et a], 1994. A Floristic Surfr'ey of the Southern Swan Coastal Plain. 
Unpublished report for the Australian [-lericage Conunission prepared by the Department 
of Conservation and Land Management and the Conservation Council of Western 
Australia (Inc). 

Griffin E A. 1994. Floristic survey of Northern Sandplains between Perth and 
Geraid:on. Unpublished report to the 1-leritage Council of Western Australia. 

Griffin E A, 1998. Interim Bioregions: West Midlands. Unpublished report for 
Department of Environmental Protection. AGWEST Land Management Job 98/155, 
Perth, Western Australia. 

Received T re 5JJ. 6:55 
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3. Availability of the environmental review 

3.1 CopIes for distribution free of charge 

Supplied to DEP: 

Library/Information Centre.................................9 
EPA members................................................6 
Officers of the DEP (Perth) ................................6 
DEP Midwest Office ........................................ 1 

Distributed by the proponent to: 

Government departments • Aboriginal Affairs Department ............................. 2 
Agriculture 	Westeth 	Australia 
(Commissioner for Soil Conservation)...................I 

• Department of Conservation and Land 
Management 	(Midwest 	Office 	and 
Perth) 	.........................................................3 

• Department of t)etènce ...................................... 5 
• Department of Land Administration ....................... 2 
• Department otTransport .................................... 2 
• Midwest Development Commission ......................2 
• Ministry for Planning.......................................2 
• National 	Parks 	and 	Nature 

Conservation Authority.....................................2 
• Water and Rivers Commission ............................2 
• Western Australian Police Department 

(Unexploded Ordinance Unit) .............................I 
• Western 	Australian 	Tourism 

Commission................................................... 2 

Local government authorities • Shire of Dandaragan ........................................2 
• Shire of Gingin..............................................2 

Libraries • J S Battye Library ...........................................3 
• The Environment Centre....................................2 
• local libraries.......................(at least 2 copies each) 

Other • Conservation Council of WA..............................1 
• Speleological Group WA...................................I 
• Department of Zoology, University of 

Western Australia ............................................ 1 

3.2 AvaIlable for public viewing 

I S Battye Library; 
local libraries; 
Department of Environmental Protection Library: and 
other places as the proponents see fit. 

Reeved Te 5. 	15:55 
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LANCELIN TO CERVANTES 
COASTAL ROAD 

Issue 1 	 November 1999 

Halpern 	PUBLIC INFORMATION 	MAIN ROADS GHck 	
BROCHURE 	 Western Australia 

Maunsefi I 

BACKGROUND 
The construction of the Lancelin to 
Cervantes coastal road will see the 
final link completed in the Perth to 
Dongara coastal route which will be 
known as Indian Ocean Drive. 

This new road will link Perth's 
northern suburbs with coastal towns 
and tourist destinations along the 
coast to Cliff Head, Dongara 

The Lancelin to Cervantes link and 
the coastal route in general are 
important to the State of Western 
Australia for a variety of reasons 
including the provision of improved 
access between coastal communities 
and the economic development of 
the Central Coast region. 

This new road link will assist the 
ongoing development of tourism in 
the region, will support the projected 
population 	growth 	and 
development, and provide benefits to 
the existing fishing industry. 

Other benefits of a coastal road link 
include: 

improvement of social well being 
and the better utilisation of 
facilities in the towns 

improvement of access to medical 
and educational facilities for the 
coastal communities 

stimulation of local industry by 
providing direct access between 
centres with different commercial 
and administrative functions 

reduction in distance and travel 
time for the commuters, tourists 
and light commercial traffic 

between coastal communities 
instead of having to travel via 
Brand Highway 

provision of alternative route for 
the tourists away from the high-
speed heavy freight traffic on the 
Brand Highway 

provides for the controlled 
management of development and 
access and will limit impacts on 
the fragile environment of this 
area 

Completion of the road in stages is 
already providing the local 
communities, the fishing industry 
and tourists with benefits of shorter 
distances between the towns of 
Jurien, Green Head and Cliff Head. 
The benefits will be fully realised 
when the coastal road is completed 
south to Lancelin. 

The Central Coast Regional Profile 
(1994) and the Central Coast 
Regional Strategy (1 996) prepared by 
the WA Planning Commission identify 
the need and priority in constructing 
the new coastal road. These 
documents were prepared in 
consultation with the community, 
Local Authorities, government 
agencies and interest groups. 

The Department of Conservation and 
Land Management's Nambung 
National Park - Management Plan 
1 998-2008) refers to and endorses 

the construction of a new coastal 
road which will transverse through 
the National Park and Reserves. 

The construction of Lancelin to 
Cervantes coast road will transverse 

through the Commonwealth 
Defence Training Area. 

There 	have 	been 	regular 
representations from members of the 
public, the Local Authorities and 
potential 	developers 	seeking 
construction of the coastal road from 
Lancelin to Cervantes. 

THIS STUDY 

Main Roads Western Australia have 
commissioned engineering and 
environmental science consultants 
Halpern Glick Maunsell to undertake 
a planning and environmental study 
for the Lancelin to Cervantes coastal 
road. 

A Working Group for this final coastal 
link, with representatives from 
Conservation 	and 	Land 
Management, Department of Land 
Administration, Department of 
Defence, Dandaragan and Gingin 
Shires, has been formed in early 1999 
to oversee the planning and 
environmental study. 

A value management workshop was 
recently held at Lancelin Public Hall in 
early October 1999.   The purpose of 
this workshop was to identify all 
issues of relevance to be addressed in 
the planning study for formulating a 
preferred route alignment. The 
workshop was attended by broad 
spectrum of community from affected 
landowners, 	various 	State 
government agencies, Shire of 
Dandaragan and Gingin, and interest 
groups. 
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Public Display 

A display of the planned route 
and associated information on 
the study can be inspected at 
the following locations: 

Lancelin Business Enterprise 
Centre 
(main shopping complex) 
Monday 22 to Friday 26 
November 1999 

The display will be attended by 
representatives from HGM on 
26 November from 2:00pm 
until 8:00pm 

Cervantes Community and 
Sporting Club 
Monday 29 November to 
Friday 3 December 1999.   

The display will be attended by 
representatives from HGM on 3 
December from 2:00pm until 
8:00pm 

Comments 

Written submissions are 
encouraged during this stage 
of the study Comment forms 
are inserted in this newsletter 
and the forms will also be 
available at the display. 

Submissions will be received up 
until 17 December 1999. 

Where to from here? 

Foiiowiriy ihe public display, dlI 

comments received will be 
considered 	in 	the 
determination of the preferred 
route within the alignment 
corridor shown on the 
enclosed plan. In the 
intervening 	 period, 
environmental investigations 
for the route will proceed. 

Once the preferred route has 
been developed, further 

community consultation will be 
undertaken as follows: 
Letters will be sent to 
landowners directly affected by 
the proposal. 

Second newsletter will be 
released to the community 
outlining the results of 
investigation conducted and 
identify the preferred route 
alignment. 
Submission on the study 
results would be invited from 
the community. 
Replies to the submissions 
received 	rom 	the 
community. 
Community will be advised 
on the results of submissions 
through a notice within the 
local newspaper and radio 
messages. 

The community will have a final 
opportunity to comment on the 
proposed coastal route during 
the comment period of the 
Public Environmental Report. 

How to Contact Us 
Any member of the community wishing to 
obtain further information on the study or 
wishing to provide written comment should 

direct enquiries to Dan Sullivan or Todd 
Ladanchuk at 

Halpern Glick Maunsell 
REPLY PAID 20 

P0 Box 81 
LEEDERVILLE WA 6902 

Ph (08) 9281 6100 
Fax (08) 9281 6294 
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INTRODUCTION 
This brochure is the second newsletter 
release detailing the progress of the 
Environmental and Planning Study for 
the Lancelin - Cervantes Coaastal 
Road. 	The first newsletter was 
released in November 1999 with 
public comments received up to 
December 17, 1999. 

This road will connect the Perth-
Lancelin Road, south of Lancelin, with 
Pinnacles Drive, south of Cervantes. 
The road traverses the Nambung 
National Park, Wanagerren and 
Nilgen Nature Reserves, the 
Commonwealth Defence Training 
Area and a small number of private 
properties. 

BACKGROUND 
The construction of the Lancelin to 
Cervantes coastal road will be the final 
link in the Perth to Dongara coastal 
route which will be known as Indian 
Ocean Drive. (refer Figure 1). 

This new road will link Perth's 
northern suburbs with coastal towns 
and tourist destinations along the 
coast to Cliff Head, Dongara. 

The Lancelin to Cervantes link (refer 
Figure 2), and the coastal route in 
general are important to the State of 
WA for a variety or reasons including 
improved access between coastal 
communities and the economic 
development of the Central Coast 
region. 

This new road link will assist the 
ongoing development of tourism in 
the region, will support the projected 
population growth and development, 
and provide many other benefits 
including benefits for the existing 
fishing industry. 

With the recent completion of the 
Cervantes to Jurien section, and other 
sections completed in stages, the road 
is providing the local communities, the 
fishing industry and tourists with 
benefits of shorter distances between 
Cervantes, Jurien, Green Head and 
Cliff Head. The benefits will be fully 
realised when the coastal road is 
completed south to Lancelin. 

The construction of the new coastal 
road has been identified by the WA 
Planning Commission as a priority in 
the Central Coast Regional Profile 
(1994)   and the Central Coast Regional 
Strategy (1996). 

The Nambung National Park - 
Management Plan 	(I 998-2008) 
prepared by CALM also refers to and 
endorses the construction of a new 
coastal road traversing the National 
Park and Reserves. 

There 	have 	been 	regular 
representations from members of the 
public, the Local Authorities and 
potential 	developers 	seeking 
construction of the coastal road from 
Lancelin to Cervantes. 

THIS STUDY 
Main Roads Western Australia have 
commissioned engineering and 
environmental science consultants 
Halpern Glick Maunsell (HGM) to 
undertake a planning and 
environmental study for the Lancelin 
to Cervantes coastal road. 

A Coast Road Working Group was 
formed in early 1999 to oversee the 
planning and environmental study for 
this final coastal link. The Working 
Group consists of representative from 
Conservation and Land Management, 
Department of Lands Administration, 

Department of Defence, Dandaragan 
and Gingin Shires, Main Roads 
Western Australia and HGM 
Consultants. 

Progress to date on the study includes 
the following; 

A value management workshop 
held at Lancelin in October 1999 
identified all issues of relevance to 
be addressed in the planning study 
for formulating a preferred route 
alignment. 

Public displays and information 
sessions conducted at both 
Lancelin and Cervantes in 
November / December 1999.   

Submission of community 
comments received up to 17 
December 1999 on the planned 
route (Refer to page 4) 

Completion of detailed field 
surveys of the route alignments 
consisting of; 
'- Aboriginal 	and 	European 

Heritages 
> Flora & Fauna assessments 
- Hydrological & geological 

considerations 
- Visual Quality Assessment 

> Karst (subterranean caves) 
Features 

Development of route alignment 
options taking into consideration 
significant issues identified in the 
detailed surveys and community 
consultation. 

Development of concept plans for 
the route alignment options. 
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RESULTS OF PUBLIC DISPLAY 	4 

The output from the community 
consultatton for the planned route has 
attracted 107 responses in the 
submission period. The main issues 
raised were as follows; 

The need for a northern access 
road between Lancelin and the 
coastal road (88 submissions) 
Take-off point at the southern 
connection of the coastal route 
needs to be relocated closer to 
Lancelin (66 submissions) 

3 Lancelin Chamber of Commerce 
call for a social and economic 
assessmert of bypassing I incelin 

townsite (62 submissions) 
4 Ocean Farms residence requesting 

a 500m buffer zone between the 
coastal road and Ocean Farm 
Estate (6 submissions) 

5 The existing Perth - Lancelin Road 
needs to be upgraded 
(5 submissions) 

6 A connecting road is required 
between Ocean Farms Estate and 
the coastal road (4 submissions) 

As a result of above submissions the 
following actions have been taken; 

I A feasibility study of a northern 
access road from Lancelin to the 
coastal road is being undertaken. 

2 Further detail study of an 
alternative alignment option closer 
to Lancelin is in progress. 

3. Issues relating to social and 
economic impacts will be 
addressed 	in 	the 	Vublic 
Environmental Review report to be 
released in July 2000. 

Noise impact assessment indicates 
that a 250m buffer to Ocean 
Farms result in only 9% higher 
noise levels than a SOOm buffer. 
The coastal road has also been 
designed (lowered) so that visual 
impact of the road on Ocean 
Farms Estate is minimised. 
Main Roads WA will review the 
need to upgrade the road 
between Perth and Lancelin. 

6 Connection road between Ocean 
Farms Estate and the coastal road 
will be considered once the 
preferred route is determined. 

COMMENTS 
Written submissions are encouraged 
from community to be received up 
until 23 June 2000 by using the 
enclosed self addressed, postage paid 
comment forms. In particular, 
comments are sought as input to the 
study on following issues,- ssues; 

The The realignment of coastal road at 
the southern connection of Perth 
Lancelin Road to bring the take off 
point approx. 4km from Lancelin 
(refer to route option L3 on the 
figure 2);  
Benefits 
+ The improved proximity to 

Lancelin may lead to increased 
tourist potential for business. 
The length of new road 
construction required on route 
option L3 is approx. 1 km 
shorter than route option LI. 

Disadvantages 
- Overall coastal road wouid be 

longer by approx. 3.5km for 
through traffic. 

- Additional 5km of the existing 
Perth - Lancelin Road may need 
to be reconstructed. 

The northern access road from 
Lancelin to the coastal road; 
Benefit 
+ Through route may lead to 

improved tourist business 
Disadvantage 
- Increased traffic through the 

Lancelin 	Townsite 	with 
significant impact on local 
traffic and community due to 
volume, vehicle size and noise. 

Any of the other items being 
investigated or other issues of 
interest or concern. 

WHERE TO FROM HERE? 
All comments received will be 
considered in the finalisation of the 
preferred route. 

On finalising the preferred route, 
further community consultation will 
take place which includes: 

Certified Letters will be sent to 
landowners directly affected by 
the proposal. 
Third newsletter will be 
released outlining the results of 
investigations conducted and 
identifying the preferred route 
alignment. 
Submissions on the study 
results will be invited from the 
community. 
Replies to submissions received 
from the community. 

Community will be advised on 
the results of submissions 
through a notice within the 
local newspaper and radio 
messages. 
The community will have final 
opportunity to comment on the 
proposed coastal route during 
the comment period of the 
Public Environmental Review. 

How to Contact Us 
Any member of the community wishing to obtain further information on the study or wishing to 

provide written comment should direct enquiries to Dan Sullivan or Jason Petsos at 

Halpern Glick Maunsell 
Reply Paid 20 

P0 Box 81 
LEEDERVILLE WA 6007 

Ph (08) 9281 6100 	Fax (08) 9281 6297 



Second fold 

No postage stamp required 
if posted in Australia 

Reply Paid 20 
Halpem Glick Maunsell 
P0 Box 81 
Leederville WA. 6902 

First fold 



LANCELIN TO CERVANTES COASTAL ROAD 

NAME AND ADDRESS: 

(for further Consultation) 

(OPTIONAL) 

WA 	Phone No. 

INTEREST IN PROJECT AREA: 
(e.g. resident, landowner, regular visitor, etc.) 

COMMENT: 
(If insufficient space, please include additional sheets) 

Thank you for your comment 

Please fold sheet as indicated and seal with staple or adhesive tape 



Appendix C 

Flora Species List 
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16A ZAMIACEAE Macrozamia riedlei 54D XANTHORRHOEACEAE 	Xan:horrhoeapreissii 

I 7A PrNACEAE fAraucaria heterophylla 54E PHORMIACEAE Dianella revoluta 

18 	CUPRESSACEAE fCallitrispreissii 54F ANTHERJCACEAE Arnocrinum preissii 
Corynotheca micrantha 

? 	TAMARICACEAE fTamarix aphylla Johnxonia sp. 
Laxmannja omnfertilis 

26 	JUNCAGINACEAE Triglochin nanum Laxmannia sessil.flora subsp. drummondii 
Triglochin sp. Sowerbaea laxflora 

Thysanotus manglesianus 
31 	POACEAE Amphipogon turbinatus Thysanotus sparteus 

Aristida ?holathera Thysanotus thyrsoideus 
Austrodanthonia occidentalis Thysanotus sp. Badgingarra (EA Griffin 
Austrostipa compressa 2511) (Priority 2) 
Austrostipaflavescens Tricoyne elatior 
*Avena  barbara Tricoryne robusra ms. (Priority 2) 
*Briza  maxima 
*Bromus diandrus 54G ASPHODELACEAE *Asphodelus fls.tulos  
*Cynodon  dacry!on xTrachyandra  divaricata 
*Ehrharta calycina 
*Ehrharta vjllosa 54J 	COLCHICACEAE Burchardja umbellata 
*Erogr.oszis curvula 
Eragrostis dielsii 55 	HAEMODORACEAE Anigozanthosfiavidus 
Eragrostis elongata Anigozanthos humilis 
*Lagurus  ovarus Anigozanthos humilis ssp. chrysanthus (DRY) 
*penniserum  clandesrinum Anigozanthos manglesii 
*Penjaxchisris airoides Anigozanthos pukherrimus 
Poa drummondiana Conostylis aculeara subsp. spinuligera 
Poapoiformis Conostylis ang-usrjfolia 
*polypogon  monspelierisis Conostylis candicans subsp. calcicola 
Polypogon tenellus Conostylis candicans subsp. candicans 
*Rostraria cristaza Conostylispaucflora subsp. euryrhipis (Rn 3) 
Spinifex longifolius Conostylis teretifolia subsp. terelifolia 
Sporobolus virginicus Conostylis sp. 
*Szenozaphrum  secundatum Haernodorum loraxum (Priority 3) 
*Thinopyrum  distichum Haemodorum simplex 
*Vulpia  myuros Haemodorum spicatum 

Phlebocarya ciliaza 
32 	CYPERACEAE ?Baumeajuncea 

Baumea sp. (rubiginosa type) 56B AGAVACEAE *Agave  americana 
Caustis dioica 
Gahnia zrfIda 60 	IRJDACEAE *GladjO/jg caryophyllaceus 
Isolepis nodosa Orthrosanthus laxus 
Lepidosperma gladiatum Patersonia occidentalis 
Lepidosperma ?pubisquameum *Romulea rosea 
Lepidosperma ?squamalu,n 
Lepidosperma sp. (short; narrow stem) 66 	ORCHIDACEAE Caladeniaflava subsp.flava 
Lepidosperma sp. (tercte stem) Caladenia lar(folia 
Lepidosperma sp. 2 
Mesomelaenapseudostygia 70 	CASUARNACEAE Allocasuarina lehmanniana 
Mesomelaena tetragona Allocasuarina humilis 
Schoenus grandflorus Allocasuarina thuyoides 
Schoenus lanatus tCasuarina equisetifolia 
Schoenus ?latitans 
Schoenuspleistemoneus 90 	PROTEACEAE Adenanrhos cygnorum 
Schoenus rigens Banksia altenuata 
Schoenus sp. A3 "ciliate sheaths" Banksia ilic(folia 
Schoenus sp. Banksia incana 
Schoenus sp. 1 Banksia leptophylla 
Schoenus sp. 3 Banksia littoralis 
Schoenus sp. 4 Banksia menziesii 

Banksia prionoles 
39 	RESTJONACEAE Alexgeorgea nizens Conospermum stoechadis subsp. stoechadis 

Chordifex sinuosus Conospermum triplinervium 
Desmocladus aspera Dryandra lindleyana subsp. lindleyana 
Desmocladusfiexuosus Dryandra sessilis 
Lepidobolus preisslanus Dryandra shutrleworrhiana 
Lyginia irnberbis Grevilleapreissii 
Meeboldina ?coanguszaza Grevillea rhyrsoides subsp. thyrsoides (Fri 3) 

Grevillea vestita subsp. vest ira 
39A ECDEIOCOLEACEAE Ecdeiocolea monostachya tGrevillea sp. 

Hakea anadenia ms. 
40 	CENTROLEP1DACEAE Cenirolepis aristata Hakea brownii 

Hakea candolleana 
52 	JIJNCACEAE *Juncus acuzus Hakea conch(folia 

Hakea cosrara 
54C DASYPOGONACEAE Acanthocarpuspreissii Hakea incrassata 

Dasypogon obliqujfolius Hakea lissocarpha 
Lomandra maririma Hakea prosrrata 
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PROTEACEAE Hakea spathulata Acacia xanthina 
Hakea rusc(folia 
Hakea trfurcara 164 	CAESALPINIACEAE Labichea cassioides 
Hakea varia 
Lambertia mull jflora var. mul4flora 165 	PAPJLIONACEAE Bossiaea eriocarpa 
Persoonia comata Daviesia angulata 
Petrophile brevfoIia Daviesia decurrens 
Petrophile linearis Daviesia divaricata 
Pet rophile macros:achya Daviesia incrassaza subsp. teres 
Petrophile serruriae Daviesia nud/lora subsp. hirtella 
Stirlingia latfolia Daviesia sp. 
Synaphea spinulosa subsp. spinulosa Gastrolobium sp. 

Gompholobium tomentosum 
92 	SANTALACEAE Anthobolus ?foveolatus Hardenbergia comptoniana 

Exocarpos sparleus Hovea pungens 
Leptomeria empenyformis Jacksonia anthoclada ms. (Priority 3) 
Leptomeria paucfiora Jacksonia calcicola 
Leptomeria preissiana Jacksoniafioribunda 
Santalum acuminalum Jacksoniafurcellata 

Jacksonia nutans ,ns. 
95 	OLACACEAE Olax benthamiana Jacksonia stern bergiana 

Kennedia prostrata 
97 	LORANTHACEAE Amyema sp. Mirbelia spinosa 

Nuytsiafloribunda Nemcia axillaris (Priority 3) 
Nemcia reticulata (broad-leaved variant) 

103 	POLYGONACEAE Persicariaprostrata Nemcia rericulata (narrow-leaved variant) 
Sphaerolobium sp. 

105 	CHENOPODIACEAE Atriplex isatidea Templetonia retusa 
Chenopodium ?pumi!io *Tr folium  campestre 
Rhagodia baccata 
Salsola tragus 167 	GERANIACEAE *Erodium  botrys 
Sarcocornia blackiana *pelargonium  capitatum 
Suaeda ausiralis Pelargonium littorale 
Threlkeldia d((fusa 

173 	ZYGOPHYLLACEAE Zygophyllumfruticulos-um 
106 AMARANTHACEAE Alternanthera nod(f?ora 

Ptilotus manglesii 175 	RUTACEAE Boronia ramosa subsp. anethjfolia 
Ptilotus polystachyus var. polysiachyus Diplolaena obovata 
Ptilotus stirlingii var. szirlingii Philotheca spicata 

108 	GYROSTEMONACEAE Gyrosiemon ramulosus 183 	POLYGALACEAE Comesperma calymega 
Tersonia cyathJ1ora Comesperma conferium 

Comesperma integerrimum 
110 	AIZOACEAE Carpobrozus sp. (sterile) 

*Tetragonia  decumbens 185 	EUPHORBIACEAE *Euphorbia  sp. (?terracina) 
Euphorbia sp. 

111 	PORTULACACEAE Calandrinia linWora Monotaxis grandflora 
Phyllanthus calycinus 

119 	RANUNCIJLACEAE Clematis linearfolia 
202 	STACKHOUSIACEAE Stackhousia monogyna 

131 	LAURACEAE Cassythaflava Tripterococcus binonis 
Cassytha glabella 
Cassytha racemosa 207 	SAPINDACEAE Diplopeiris huegelii 

Dodonaea aptera 
138 	BRASSICACEAE *Br ica  sp. 

*Cakile  maritima 215 	RHAMNACEAE Ciyptandra mutila 
*corrigiola  linoralis Cyptandra pungens 
*Heliophilapusilla Spyridium globulosum 
*Matthiola  incana Stenanthemum noriale subsp. chamelum 

Trymalium Iedfoliuni var. ledifolium 143 	DROSERACEAE Drosera eiythrorhiza 
Drosera menziesii subsp. penicellaris 221 	MALVACEAE Alyogyne huegelii 
Drosera parvula 
Drosera stolonifera subsp. humilis 223 	STERCULIACEAE Guichenotia alba (Priority 3) 

Thomasia cognata 
149 	CRASSULACEAE Crassula colorata Thomasia triphylla 

*Crassula  glomerata 
226 	DILLENLkCEAE Hibbertia huegelii 

163 	MIMOSACEAE Acacia ?applanata Hibbertia hypericoides 
Acacia auronitens Hibbertia racemosa 
Acacia cochlearis Hibbertia spicaza subsp. leptotheca (Priority 3) 
Acacia cyclops Hibbertia sp. I 
Acacia idiomorpha 
Acacia lasiocarpa var. lasiocarpa 243 	VIOLACEAE Hybanthus calycinus 
Acacia pulchella 
Acacia rostellifera 263 	THYMELAEACEAE Pimeleaferruginea 
Acacia saligna Pimeleafioribunda 
Acacia spathulifolia Pimelea sylvesiris 
Acacia stenoptera (typical form) 
Acacia sienoptera (narrow stem form) 273 	MYRTACEAE 	1Agonisflexuosa 

Acacia truncasa Baeckea camphorosmae 
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Baeckea grandzj7ora 303 	GENTIANACEAE *Centaurium  erythraea 
Beaufortia squarrosa *Centaur jum  sp. (yellow) 
Calothamnus quadrfidus 
Calothamnus sanguineus 313 	LAMIACEAE Hem iandra pungens 
Calytrixflavescens Westringia darnpieri 
Calyirix leschenaultjj 
Calytrix strigosa 315 	SOLANACEAE Anthocercis littorea 
Chamelaucjum uncinatum *Solanum  americanum 
Coiymbia calophylla *Solanum  linnaeanum 
Darwiniapin(folia 
Eremaea asterocarpa subsp. asterocarpa 316 	SCROPHULARJACEAE *Bellardia  trixago 
Eremaea paucflora *Dischisma  arenarium 
Eucalyptus decipiens cap it atuPfl 
Eucalyptusfalcata *Parentucellia  latfolia 
Eucalypsusfoecunda 
Eucalyptus gornphocephala 320 OROBANCHACEAE *Orobanche  minor 
Eucalyptus macrocarpa ssp. elachantha (P4) 
Eucalyptus rudis 326 MYOPORACEAE Myopcirum insulare 
Eucalyptus todtiana Myoporum tetrandrum 
tEucalyptus utilis 
Eucalyptus wandoo subsp. pulverea 331 	RUBIACEAE Opercularia vaginala 

tEucalyptus sp. Opercularia spermacocea (coastal form) 
Hypocalymma angustfolium 
Hypocalymma xanthopetalum 339 CAMPANULACEAE tWahlenbergia capensis 

Hypocalymma sp. Wahienbergia preissii 

Kunzea glabrescens 
Leptosper,num spinescens 

340 	LOBELIACEAE Isotoma hypocrateriformis 

Melaleuca cardiophylla Lobelia tenujor 

Melaleuca ciliosa Lobelia sp. 

Melaleuca huegelii 341 	GOODENJACEAE Dampiera linearis 
tMelaleuca lanceolata Goodenia berardiana 
Melaleuca lateritia Lechenaulija biloba 
Melaleuca preissiana Lechenaultia linarioides 
Melaleuca rhaphiophylla Scaevola canescens 
Melaleuca sen ala Scaevola crass jfolia 
Melaleuca systena ms. Scaevola lanceolata 
Melaleuca tere4folia Scaevola thesioides var. thesio ides 
Melaleuca viminea subsp. viminea Scaevola repens var. angustifolia 
Scholtzia ciliata Ver-rauxia reinwardtii 
Scholtzia involucrata 
Scholtzia laxflora 343 	STYLIDL&CEAE Levenhookja slip itata 
Scholtzia parvflora Stylidium crossocephalum 
Verticordia dens jflora var. dens(flora Stylidium cygnorum 
Verticordia ?drummondii Stylidium diuroides subsp. paucifoliatum (Fri 3) 
Verticordia lindleyi subsp. lindleyi (Fri 4) Stylidium flagellum 
Verticordia pennigera Stylidiumjunceum subsp.junceum 

Stylidium maritimum (Priority 3) 
275 	ONAGRACEAE *Oenozhera  drummondii Stylidium pilferum subsp. piljferum 

276 	HALORAGACEAE Glischrocaryon aureum var. aureum 
Stylidium schoenoides 

Haloragisfoliosa (Priority 3; to confirm) 
Stylidium stri alum 

281 	APIACEAE Daucus glochidiatus 345 	ASTERACEAE Angianthus cunninghamii 

Trachymene pilosa *Arclotheca  calendula 
*Arc(otheca  populifolia 

288 	EPACRIDACEAE Acrotriche cordata *Aster  subulatus 
Andersonia lehmanniana Brachyscome bellidioides 
Astroloma sp. (may be sp. Cataby which is P4) Brachyscome iberidifolia 
Conostephium pendulum *Conyza  bonariensis 
Conostephium preissii *Conyza par-va 
Leucopogon conostephioides *Dittrichia  raveolens 
Leucopogon insularis Gnephosis tenuissima 
Leucopogon all. insulanis *Hedvpnois  rhagadioloides 
Leucopogon oliganthus (Priority 3) *Helianlhus  sp. 
Leucopogon parvjlorus Hyalosperma cotula 
Leucopogon polymorphus *Hypochaeris  glabra 
Leucopogon propinquus Leptorhynchos scaber 
Leucopogon sp. Leucophyta brownU 
Lysinema ciliatum Millotia myosotid(folia 

Olearia axillanis 
293 	PRIMULACEAE *Anagallis  arvensis var. arvensis Olearia conspicua 

*Anagallis arvensis var. caerulea Olearia rudis 
Samolusjunceus Ozothamnus cordatus 
Samolus aft repens Pithocarpa puichella 

Podolepis sp. 
302 	LOGANIACEAE Logania vaginalis Podotheca angustifolia 

Logania campanulata Podotheca gnaphalioides 
Pierocha eta paniculata 
Rhodanthe citnina 
Senecio lautus subsp. maritimus 
Siloxerus humifusus 
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345 	ASTERACEAE 	*5,nchus sp. 
*Urospermum  picroides 
*Ursinia anthemoides 
Waitsia suaveolens var. suaveolens 
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Appendix D 

Fauna Species List 
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MAMMALS 

TACHYGLOSSIDAE 
Echidna - Tachyglossus aculeatus 

DASYURIDAE 
Fat-tailed Dunnart - Sminthopsis crassicaudata 

MACROPODIDAE 
Western Grey Kangaroo - Macropus fuliginosus 

TARS IPED IDAE 
Honey Possum - Tarsipes rostratus 

VESPERTILIONIDAE 
Chocolate Wattled Bat - Cha!ino!obus mono 

MURIDAE 
Ash Grey Mouse - Pseudomys albocinereus 
Western Bush Rat - Rattus fuscipes 
House Mouse - Mus musculus 

LEPORI DAE 
Rabbit - Oiyctolagus cuniculus 

CANIDAE 
Dog - Canis lupus 
Red Fox - Vulpes vulpes 

FELIDAE 
Cat - Fells catus 

BOVIDAE 
Goat - Capra hircus 
Sheep - Ovis aries 

BIRDS 

CASUARIIDAE 
Emu - Dromaius novaehollandiae 

PHASIANIDAE 
Stubble Quail - Coturnix pectoralis 

ANATI DAE 
Australian Shelduck - Tadorna tadornoides 
Australian Wood Duck - Chenonettajubata 
Pacific Black Duck - Anas supercillosa 
Grey Teal - Anas grad/is 

PODICIPEDIDAE 
Australasian Grebe - Tachybaptus novaeho/landiae 

PROCELLARI IDAE 
Flesh-footed Shearwater - Pufuinus carneipes 

SULIDAE 
Australasian Gannet - Sula serrator 
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PHALACROCORACIDAE 
Little Pied Cormorant - Phalacrocorax melanoleucos 
Pied Cormorant - Phalacrocorax varius 

ARDEIDAE 
Eastern Reef Heron - Ardea sacra 

THRESKIORN ITHIDAE 
Straw-necked Ibis - Threskiomis spinico/lis 

ACCIPITRIDAE 
Osprey - Pandion haliaetus 
Black-shouldered Kite - Elanus caeruleus 
Whistling Kite - Haliastur sphenurus 
Spotted Harrier - Circus assimilis 
Brown Goshawk - Accipiter fasciatus 
Wedge-tailed Eagle - Aquila audax 

FALCONIDAE 
Brown Falcon - Falco berigora 
Australian Hobby - Falco longipennis 
Australian Kestrel - Falco cenchroides 

RALLIDAE 
Baillons Crake - Porzana pusilla 
Australian Spotted Crake - Porzana fluminea 
Dusky Moorhen - Gal/mu/a tenebrosa 
Eurasian Coot - Fulica atra 

SCOLOPACIDAE 
Ruddy Turnstone - Arenaria interpres 
Sanderling - Calidris a/ba 

HAEMATOPIDIDAE 
Pied Oystercatcher - Haematopus longirostris 
Sooty Oystercatcher - Haematopus fuliginosus 

CHARADRI IDAE 
Grey Plover - Pluvialis squatarola 
Red-capped Plover - Charadrius ruficapi/i'us 

LARIDAE 
Pacific Gull - Lanis pacificus 
Silver Gull - Larus novaehollandiae 
Crested Tern - Sterna bergii 
Fairy Tern - Sterna nereis 

COLUMBIDAE 
Laughing Turtle-Dove - Streptopelia senega/erisis 
Common Bronzewing - Phaps chalcoptera 
Brush Bronzewing - Phaps elegans 
Crested Pigeon - Ocyphaps lophotes 

CACATUIDAE 
Carnaby's Cockatoo - Calyptorhynchus latirostris 
Galah - Cacatua roseicapilla 
Western Corella - Cacatua pastinator 

PSITTACIDAE 
Australian Ringneck - Platycercus zonarius 
Rock Parrot - Neophema petrophila 
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CUCULIDAE 
Horsfield's Bronze-Cuckoo - Chiysococcyx basalis 
Shining Bronze-Cuckoo - Chrysococcyx lucidus 

APODIDAE 
Fork-tailed Swift - Apus pacificus 

HALCYONIDAE 
Laughing Kookaburra - Dacelo novae guineae 
Sacred Kingfisher - Todiramphus sanctus 

MEROPIDAE 
Rainbow Bee-eater - Merops omatus 

MALURIDAE 
Splendid Fairy-wren - Ma/urus splendens 
Variegated Fairy-wren - Ma/urns lamberti 
White-winged Fairy-wren - Ma/urns leucopterus 

PARDALOTI DAE 
Striated Pardalote - Pardalotus striatus 
White-browed Scrubwren - Sericomis fronta/is 
Rufous Fieldwren - Calamanthus campestris 
Weebill - Smicrornis brevirostris 
Western Gerygone - Gerygone fusca 
Broad-tailed Thornbill - Acanthiza apica/is 
Western Thornbill - Acanthiza inomata 
Yellow-rum ped Thornbill - Acanthiza chrysorrhoa 

MELIPHAGIDAE 
Red Wattlebird - Anthochaera carunculata 
Western Little Wattlebird - Anthochaera lunulata 
Yellow-throated Miner - Manorina flavigula 
Singing Honeyeater - Lichenostomus virescens 
Brown-headed Honeyeater - Melithreptus brevirostris 
Brown Honeyeater - Lichmera indistincta 
New Holland Honeyeater - Phylidonyris novaehollandiae 
White-cheeked Honeyeater - Phy/idonyris nigra 
Tawny-crowned Honeyeater - Phylidonyris melanops 
Western Spinebill - Acanthorhynchus superciliosus 

PETROICIDAE 
Jacky Winter - Microeca fascinans 
Scarlet Robin - Petroica multicolor 
Hooded Robin - Petroica cucullata 
White-breasted Robin - Eopsa/tria georgiana 

NEOSITTIDAE 
Varied Sittella - Daphoenositta chrysoptera 

PACHYCEPHALIDAE 
Crested Belibird - Oreoica guttura/is 
Rufous Whistler - Pachycephala rufiventris 
Grey Shrike-thrush - Colluricincla harmonica 

DICRURIDAE 
Magpie-lark - Grallina cyanoleuca 
Grey Fantail - Rhipidura fuliginosa 
Willie Wagtail - Rhipidura /eucophrys 
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CAMPEPHAGIDAE 
Black-faced Cuckoo-shrike - Coracina novaeholland!ae 
White-winged Trifler - La/age tricolor 

ARTAMIDAE 
Black-faced Woodswallow - Artamus cinereus 
Grey Butcherbird - Cracticus torquatus 
Pied Butcherbird - Cracticus nigrogularis 
Australian Magpie - Cracticus tibicen 

CORVIDAE 
Australian Raven - Corvus coronoides 

HIRUNDINIDAE 
White-backed Swallow - Cheramoeca leucosfemus 
Welcome Swallow - Hirundo neoxena 
Tree Martin - Hirundo nigncans 

ZOSTEROPIDAE 
Grey-breasted White-eye - Zosterops latera/is 

DICAEIDAE 
M istletoebird - Dicaeum hirundinaceum 

SYLVIIDAE 
Brown Songlark - Cincloramphus cnjralis 

MOTACILLIDAE 
Australian Pipit - Anthus austra!is 

HERPETOFAUNA 

MYOBATRACHIDAE 
Moaning Frog - Heleioporus eyrei 

CHELONIDAE 
Green Turtle - Che/onia mydas 

GEKKONIDAE 
Marbled Gecko - Phy//odacty!us marmoratus 
Western Spiny-tailed Gecko - Strophurus s. spinigerus 

PYGOPODIDAE 
Aclys concinna concinna 
Aprasia repens 
Do/ma fraseri fraser! 
Burtons Snake Lizard - Lia(is burtonis 
Pletholax grad/is grad/is 
Common Scaly-foot - Pygopus lepidopodus 

AGAMIDAE 
Dwarf Bearded Dragon - Pogona m. minor 
Western Heath Dragon - Tympanocryptus a. adelaidensis 

VARANJDAE 
Goulds Monitor - Varanus gouldi! 

SCINCIDAE 
Fence Skink - Cryptoblepharus p/a giocephalus 
Ctenotus fallens 
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Cyclodomorphus celatus 
King Skink - Egernia kingii 
Lerista elegans 
Lerista lineopunct u/ate 
Menetia greyii 
Morethia obscura 
Tiliqua occipitalis 
Bobtafi - Tiliqua rugosa 

ELAPIDAE 
Yellow-faced Whip-snake - Demansia psammophis reticulate 
Bardick - Echiopsis curta 
Neelaps calonotus 
Dugite - Pseudonaja a. affinis 
Gwarder - Pseudonaja nuchalis 
Gould's Snake - Parasuta gouldii 
Black-backed Snake - Parasuta nigriceps 
Narrow-banded Snake - Simoselaps fasciolatus 

TYPHLOPIDAE 
Ramphotyphlops australis 

BOIDAE 
Stimson's Python - Antaresia stimsoni 
Carpet Python - More/ia spilota imbricata 
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