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SUMMARY 

A biological assessment survey of the Coastal Road - Jurien to Green Head project area was carried out by 
ecologia Environmental Consultants in late June 1994. The principle aims of the survey were to document 
the existing flora and fauna, delineate the main ecological and vegetation units and integrate previously 
published and unpublished information. Utilising the field data and literature, the environmental impacts to 
the biota of the project area arising from the proposed development were assessed. 

The project area includes geomorphological, vegetation and faunal assemblages which are widely represented 
in the Swan Coastal Plain. Relevant literature and the field survey have revealed no significant conservation 
features within the area other than the saltiake complexes and the Priority flora Olax scalariformis and 
Gre villea oil vacea. 

Previous biological knowledge of the region has largely focused on studies conducted in conservation areas 
of the surrounding districts. In all case virtually no details specific to the project area were available. 

The project area falls within the Drummond Subdistrict of the Darling Botanical District of the South-west 
Botanical Province. A single broad scale vegetation type, low Acacia I Melaleuca dominated heath, 
encompasses the entire area. At a finer resolution the vegetation contains elements of two major vegetation 
systems; (I) the Guilderton System and (ii) the Jurien System. Subsequent to survey mapping and statistical 
analysis of detailed sites the vegetation was further dassified into eleven associations. 

Samphire communities fringing playa lakes. 
Coastal fore-dune vegetation. 
Allocasuarina / Myrtaceous scrub-heath. 
Tall dense Allocasuarina shrub/woodland. 
Tall Acacia rostelilfera / Melaleuca cardiophyila thickets. 
Coastal heaths which were further classified into three sub-types. 
Eucalyptus obtusiflora mallee woodland over mixed shrubs. 
Acacia rostellifera lAcacia cyclops shrubland over Hemiandra pungens dominated scrub. 
Open Calothamnus quadrifidus shrubland. 
Proteaceous woodlands/shrublands 
Dryandra sessilis scrub heath. 

In total, 172 vascular plant species were identified from the project area. However the present survey was 
conducted during early winter following an exceptionally dry summer and few ephemeral species were 
apparent or identifiable. These ephemeral species are expected to occur in greater numbers and diversity 
during the August to October period. Some species of perennial grasses and herbs were also impossible to 
identify to species level as vegetative parts were poorly developed and flower and fruit material were not 
present. Four introduced weed species were observed; *Erodium  botrys,  *Verbascum  virgatum,  *Anagaliis  

arvensis and *Hedypnois  rhagadioloides. Vascular plants present in the area included members of 51 
families, of which Proteaceae, Myrtaceae and Cyperaceae are prominently represented. The genera which 
occur most commonly are Melaleuca and Acacia. The most common species in the area are Melaleuca 
acerosa, Loxocarya spp. (L. flexuosa and L. sp. B), Acacia lasiocarpa var. lasiocarpa and Conostylis 
candicans ssp. calcicola which were recorded at 27, 26, 25 and 23 detailed survey sites respectively. 

Of the 114 Declared Rare Rora (DRF) and Priority species known to occur within 50 km of the Jurien - 
Green Head area, only two species were recorded within the survey area; Olax scalariformis (Priority 3) and 
Greviilea olivacea (Priority 4). While lacking priority status, Diplolaena leemaniana ms. is of significance as 
a currently undescribed species with a relatively limited distribution. The majority of the scheduled and 
priority species in the vicinity of the Jurien to Greenhead area are restricted to the Jurien Vegetation 
System, which constitutes only a small portion of the preferred Western Alignment of the road. The 
alternative Eastern Alignment runs extensively through the Proteaceous woodlands and shrublands of the 
Jurien System and was not surveyed in detail other than near the junction points with the common portion of 
the road alignment. 

ecologia 



vi 

The field survey recorded 37 species of bird, four native and four introduced mammals, six reptiles and two 
amphibians. On the basis of literature searches and known habitat preferences the project area may 
support approximately 145 bird, 17 native and eight introduced mammal, 49 reptile and nine amphibian 
species. 

Six significant fauna species potentially occur in the project area. The Long-billed Corella is listed as 
Schedule 1 "fauna which is rare or likely to become extinct". The Peregrine Falcon, Baudin's Black 
Cockatoo and Carnaby's Black Cockatoo have been recorded from the general area and are listed as 
Schedule 4 "other specially protected fauna". Two reptile species of Schedule 4 status, the Woma Aspidites 
ramsayii and the Carpet Python Morelia spilota imbricata may occur in the area. Within the current field 
survey Carnaby's Black Cockatoo was recorded, however no evidence of any other scheduled species was 
found, nor is the proposed Coastal Road - Jurien to Green Head anticipated to adversely affect any of 
these species. 

The project area encompasses landform and vegetation associations which are widespread throughout the 
region and are conserved within three conservation areas, the Lesueur National Park, Drovers Cave 
National Park and Beekeepers Reserve. However, some areas of local conservation significance were 
identified as follows: 

The salt lakes marking the junction between the Quindalup and Spearwood Dune Systems are identified 
as the major habitat of ecological significance. Samphire communities are particularly susceptible to 
and slow to recover from disturbance, and as such should be protected from direct impact wherever 
possible. 

The open Calothamnus quadrifidus shrubland (Association 9) appeared restricted to a small lowland 
area north east of Sandy Point, in a narrow extension of Tamala limestone. Within the area surveyed it 
was the least common of all vegetation types and as such has some local significance. 

The Banksia woodland and the proteaceous heath of the Jurien System were among the most species-rich 
areas in the project area. 

Similarly, the diverse mallee eucalypt over mixed heath (as at Site 2) is of conservation value on the 
basis that it supports a high number of species and in particular the Priority 4 species Grevillea 
olivacea. 

In general, the biotic communities of the area are currently in good condition with little indication of degradation 
other than the sensitive samphire communities fringing the saitlakes and some portions of the fore-dunes. 
The principal impacts from construction of the favoured Western Alignment will be impact to local populations 
of significant flora species, loss of vegetated area, improved access to the sensitive dune vegetation, 
generation of dust and possibly saline water contamination during road construction. Some previous 
disturbance has occurred over sections of the proposed alignment with the recent construction of an access 
track for the gypsum mine and several other tracks developed over many years to access the beach. The 
impact to the sensitive samphire communities of the alternative Eastern Alignment would be substantially 
greater due to the necessity of traversing the saltlake system. 

Dieback caused by Phytophthora species have only been known to occur in the Northern Sandplains 
region since 1986. Prior to 1986 it was believed that these fungi could not survive in such a harsh 
environment. The only known outbreak of Phytophthora cinnamomi north of Moore River was at Eneabba 
in 1989, and six other species are now known to occur in the northern kwongan. It has been shown that 
introduction and intensification of Phytophthora cinnamomi disease in four National Parks is directly attributable 
to disturbance of the area caused by road and firebreak construction and their subsequent use. 
Thus despite the sparse current distribution of Phytophthora species in the northern kwongan, their 
potential presence cannot be ignored due to the devastating effects that could occur if the fungi become 
successfully established in large areas. 

Given the proximity of the two National Parks and the high number of species of conservation significance in 
the surrounding area, it is important to minimise the spread of any potential dieback infections. The soil of 
the burrow pit areas should be tested for the presence of Phytophthora species prior to the commencement 
of any earthworks, since infection may be present in latent (chladmydospore) form but not apparent, due to 
the absence of suitable hosts in cleared land, or to unfavourable moisture condftions. A comprehensive 

ecologia 



vi' 

project specific dieback hygiene management plan should be developed utilising specific dieback knowledge 
for the Northern Sandplains. 

Additionally the proximity to reserved conservation areas dictates the control of dust generation in order to 
protect the integrity of the reserves. Dust inhibition measures must be undertaken to minimise dust 
production on site and thus ensure no impact to flanking vegetation occurs. 

The use of saline water during road construction should be avoided if possible. If necessary usage must be 
strictly controlled to ensure that no run-off to adjacent vegetation occurs. 

Conclusions 

While necessitating the removal of vegetation, the proposed Coastal Road - Jurien to Green Head represents 
no significant impact to the biota of the area or region. The biota present are widely distributed in the 
surrounding areas and impacts to species, vegetation associations or landlorms of local conservation 
significance can be avoided or minimised providing the following recommendations are established. 

By far the most significant environmental impact which may arise from the proposed Coastal Road - Jurien 
to Green Head is the potential for the spread of dieback infection, particularly both from and to the materials 
burrow pits and surrounding areas. The proximity of the project area to the Drovers Cave and Lesueur 
National Parks makes the introduction of dieback into the area of particular significance. The loss of native 
vegetation will be very minimal given the wide representation both within the region and conservation areas. 
No Declared Rare flora or Fauna species are likely to be significantly impacted by the project. There is 
some potential to aide the dispersal of noxious weeds which are known to be present on pastoral land in the 
area. Management of noxious weeds may be incorporated in the proposed dieback management programme. 

RECOMMENDATIONS 

In order to reduce impact to the biota of the Coastal Road - Jurien to Green Head project area, it is 
recommended that the following measures are undertaken: 

Locations in which significant scheduled or priority species occur are not to be disturbed by the 
proposed project. All borrow pits and other works impinging upon these areas must be located 
elsewhere. Previous borrow pits should be used where possible. Where disturbance is unavoidable 
management strategies to reduce the impact to the communities must be developed in consultation 
with the Department of Conservation and Land Management. 

The locations containing plant communities or habitats or landforms identified as possessing 
conservation significance (e.g. saltlakes) are to be avoided. 

Clearing of land will be restricted to the minimum consistent with safe and efficient operations. If a 
choice can be made between siting operations in well vegetated or disturbed habitats, the latter 
option should be selected. 

Dieback control procedures are to be strictly adhered to during construction. 

Strategies are to be developed and implemented to reduce off-road use of the fore-dunes to access 
the coast. 

Disused access tracks, detours, side roads, borrow pits or other works areas are to be closed and 
rehabilitated wherever possible. Procedures to optimise the restoration of the natural communities 
should be utilised. 
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The top soil, vegetation and litter layer of all areas to be disturbed are to be stockpiled for later 
rehabilitation programmes. The duration of stockpiling should be minimised to optimise plant seed 
and soil microbe viability. 

Vegetation debris, logs, topsoil and rocks are to be returned to areas which are disturbed and require 
rehabilitation. These substrates assist with rehabilitation by providing seed stores, moisture traps and 
fauna micro-habitats. 

Areas to be rehabilitated are to be ripped, reseeded and replanted using local species. Strategies 
currently recommended for the planning, operation and rehabilitation of borrow pits should be utilised. 

Micro-relief will be provided in all rehabilitated areas to maximise water permeability, maintain soil 
fnability and maximise seed lodgement. 

Silt traps are to be installed where necessary to collect run-off and prevent sediment from entering 
drainage systems. 

Dust is to be controlled during construction. The proposed Coastal Road - Jurien to Green Head is 
located on an alignment that cuts through the central portion of the Beekeepers Reserve and forms 
the western boundary of the Lesueur National Park. This proximity to reserved areas dictates the use 
of standard dust inhibition measures in order to protect the flanking vegetation. 

Use of saline water during construction is to be avoided wherever possible. Any usage should be 
strictly controlled to prevent salination of adjacent vegetation. 
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1.0 INTRODUCTION 

The Coastal Road - Jurien to Green Head development proposed by the Shires of Dandaragan and Coorow 
is located approximately 200 km north of Perth, Western Australia. The proposed road comprises a single 
sealed carriageway within a 100 m road reserve and follows the Western Alignment, which was selected in 
the Preferred Alignment Statement (PAS) as the most favourable option for construction. This alignment 
diverges north from the Jurien East Road approximately four kilometres east of Jurien township, then diverts 
west of the Cockleshell Gully salt lake complex and continues north to Green Head (Figure 1). 

In accordance with the Environmental Protection Authority requirements the project feasibility study will be 
formally assessed at the level of Consultative Environmental Review (CER). The guidelines for the CER 
require the documentation of the existing biota of the project area and an assessment of the potential 
impacts of the development with recommendations for management and rehabilitation. To fulfil these 
objectives ecologia Environmental Consultants carried out a biological survey of the project area in June 
1994. The survey provides baseline information on the flora and vertebrate fauna of the project area and 
details: 

An inventory of: 
Flora - vegetation associations/communities. 

- species lists. 

Fauna - vertebrate species list including recent published and unpublished records. 
- valuable faunal habitats and critical resources. 
- records of species which might be expected to occur but whose presence is as yet 
unrecorded. 

A review of: 
Flora 	- biologically significant species including Declared Rare Flora 

- environmental impacts and recommendations for species and/or associations requiring 
special management. 

Fauna - biologically significant species including rare fauna. 
- introduced exotic or declared pest species and their impact. 
- environmental impacts and recommendations for fauna management. 

C) An assessment of: 
- the regional and local conservational value of the flora and fauna of the intended 

development area. 

1.1 	Previous Biological Studies 

Early accounts of the vegetation of the general region are given in Diels (1906), Gardner (1942) and Speck 
(1958). The Moore - Hill River area lies within the South-west Botanical Province (Diels, 1906; Gardner, 
1942) and at the junction of three Botanical Districts, the Irwin, Avon and Darling Districts (Beard, 1979). 
This transitional location between a number of botanical districts and sub-districts results in an unusually 
diverse area with a large number of distinct communities (Beard, 1979). 

A number of flora studies have been conducted in the Mt. Lesueur area which support the view that the Mt. 
Lesueur/Jurien region features a high level of diversity and species richness and constitutes the extreme 
limit of distribution for a number of species (C.T.R.C., 1974; Hopkins, Keighery and Marchant, 1983; Griffin 
and Hopkins, 1985; Froend, 1987). A number of genera including Astroloma, Conostylis, Lechenaultia and 
Verticordia have higher species richness at Lesueur than in any other area of the northern kwongan 
(Burbidge, Hopper and van Leeuwen, 1989). 

A biological survey of the Cockleshell Gully Reserve (since incorporated into the Lesueur National Park) 
and its immediate surrounds appears to be the only fauna survey conducted in the immediate vicinity of the 
project area. The only rare species collected was the Long-billed Corella (Chapman et aL, 1977). A small 
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number of fauna surveys have been conducted in surrounding areas. In a survey of the Southern Beekeepers 
Reserve, south of Jurien, Carnaby's Black Cockatoo was the only species of priority status recorded 
(Burbidge and Boscacci, 1989). Burbidge, Hopper and van Leeuwen (1989) state that the Lesueur National 
Park (less than 20 km north-east of Jurien) has a diverse fauna of nine frog, 48 reptile, 124 bird and 15 
native mammal species. None of the mammal species recorded are listed as rare or in need of special 
protection nor do any have restricted distributions. 

1.2 	Land-use History 

Initial European settlement within the Central Coast Region for agricultural purposes, essentially livestock 
grazing, occurred in the early 1850's. The region's primary production base has progressively developed, 
and now includes agriculture, mining and fishing. However to date the coastal belt has had little development 
and the vegetation has remained relatively intact (Beard, 1979). 

Since European settlement, coastal localities within the region have been popular holiday and recreational 
destinations and a number of unplanned squatter settlements evolved. These settlements developed 
progressively, particularly with growth of the fishing industry, to the point that several, including Green Head, 
were upgraded to legal townsite status. However illegal squatter settlements remain a significant feature of 
the overall development pattern within the Central Coast Region. As of January 1994, 156 squatter shacks 
remain within the North Head - Sandy Point area, approximately mid-way between Jurien and Green Head. 

Jurien, within the Shire of Dandaragan, developed as a legal townsite in the 1950's and 60's with growth of 
the rock lobster industry, but it is also growing in popularity as a tourism, recreational and retirement 
destination. The Central Coast Planning Strategy developed by the Department of Planning and Urban 
Development (1994) proposes to promote Jurien as the single major service centre for the Central Coast 
region. 

Beyond the gazetted townsites, Crown Land of varying status predominates, most of which is allocated for 
conservation purposes (Figure 1). A number of mineral and petroleum exploration and development 
tenements exist throughout the Crown Lands, although at present only a few are actively worked. Privately 
owned land is limited to a number of Crown Grants along Cockleshell Gully and a single Grant at North 
Head. 

There are three main conservation areas in the Jurien to Green Head area, all of which are vested in the 
National Parks and Nature Conservation Authority: 

The Lesueur National Park (Reserve #42032) was vested on the 24th January 1992 for the purpose 
of conservation of flora and fauna. Its area is currently listed as 26,987 ha, however this is expected 
to increase by the extension of the western boundary to the proposed Coastal Road. The reserve will 
thus contain areas of both the Jurien and Guilderton Vegetation Systems. 

Drovers Cave National Park (Reserve #31302) was vested as a National Park on the 3rd February 
1978 and has a much smaller area of 2,681 ha. It is located in the diverse limestone associations of 
the Jurien Vegetation System. 

The "C" Class Reserve (#C24496 & #C31302) known as "Beekeepers Reserve" is located in three 
sections; a) south of Jurien towards Cervantes, "Southern Beekeepers Reserve", b) north of Green 
Head, "Northern Beekeepers Reserve" and C) a central portion located in the North Head - Sandy 
Point area. The entire reserve comprises 69,158 ha and was vested on the 23rd August 1991 for the 
purpose of apiculture and the protection of flora. 

The widespread coastal vegetation associations featured in the project area are thus well represented in 
conservation areas. 
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20 	PHYSICAL ENVIRONMENT 

2.1 	Climate 

The climate of the Swan Coastal Plain is equivalent to that found in the Mediterranean Basin with a hot, dry 
summer and mild, wet winter (Seddon, 1972). The area is influenced by alternating high and low pressure 
systems arising from the southwest and producing winter rainfall systems. 

The mean daily maximum temperature of Jurien ranges from 19.3 °C in July to 30.8 °C in February. August 
has the lowest mean daily minimum temperature at 9.2 °C while February has the highest at 17.8 °C. 
Average yearly maximum and minimum temperatures are 24.7 °C and 12.9 °C respectively (Table 1). 
Temperatures are less extreme at Jurien than inland as temperatures in coastal areas are moderated by 
their proximity to the ocean (Beard, 1979). 

The rainfall pattern over the Swan Coastal Plain contains two gradients; a north-south gradient reflecting 
increasing rainfall to the south away from the arid zone and a west-east gradient with a decrease from the 
coast to the interior. Thus the average yearly rainfall ranges from 883 mm at Perth to 564 mm per year at ,  
Jurien from a total of 103 rain days. Major falls occur between May and August and approximately 90% of 
the total rainfall occurs between April and October (Figure 2). 

The seasonal nature of the rainfall is of biological significance, with ombrothermic relationships for the 
Jurien region indicating a "dry" period between October and March where temperature exceeds precipitation 
and is considered inadequate for plant growth (Bagnouls and Gaussen, 1957) (Figure 2). 
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Figure 2: Mean monthly maximum and minimum temperatures and rainfall for Jurien. 
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Table 1: Summary of Climatic Data for the Jurien - Green Head region. 

JURIEN 

1968 - 1991 	 Elevation: 2 m 	 Location: 300  18' S, 1150  3' E 

Jan. Feb. Mar. Apr. May June Jul Aug. Sept. Oct Nov. Dec. 	Year 

TEMPERATURE 	(°C) 

Daily max. - mean 	29.9 	30.8 	29.2 	26.0 	22.7 	20.3 	19.3 	19.8 	21.5 	23.1 	25.5 	27.7 	24.7 

Dailymin. -mean 	17.0 	17.8 	16.4 	13.7 	11.7 	10.1 	9.3 	9.2 	10.0 	11.0 	13.3 	15.3 	12.9 

RAINFALL mm 

Mean 10 22 11 33 84 120 110 82 43 27 16 6 564 

Mean #raindays 2 3 3 7 12 15 17 15 12 9 5 3 103 



	

2.2 	Geology 

Within the Darling System the geological structure largely determines the physiognomy of the region. The 
study area is part of the northern Perth Basin, separated from the Yilgarn Block to the east by the Darling 
Fault (Beard, 1979). Playford et aL (1976) described the geology and geomorphology of the Perth Basin, 
while the surface geology of the Hill River region in particular is detailed in the Explanatory Notes to the 
1:250, 000 Geological Series Dongara-Hill River map sheet (Lowry, 1974). 

The basin has at least four major faults in an approximately north-south direction, one of which (the Beagle 
Fault System) lies to the east of the study area (Beard, 1979). This fault separates the Permian deposits 
which underlie the study area from the adjacent Triassic Lesueur Sandstone, evident in Mt. Lesueur and Mt. 
Peron (Beard, 1979). The majority of the surface outcrop is Cretaceous in origin. 

Hydro-geologically, the study area falls entirely within-the Kockatea Shale Aquitard, and is bordered to the 
east by the Lesueur Sandstone Aquifer and the Woodada Formation Aquitard (GIS Map 1). Only one 
drainage system is associated with the immediate study area: Cockleshell Gully originates in the Gairdner 
Range to the east and runs towards Sandy Point before discharging into salt lakes. Hill River is the major 
drainage system for the surrounding areas, with a major tributary in Munbinea Creek which drains the 
Gairdner Range. Flow in the drainage lines is seasonally intermittent but permanent water is present in 
pools (Griffin and Burbidge, 1989). 

	

2.3 	Landforms 

The study area lies within the Coastal Belt geomorphological unit of the Swan Coastal Plain. This unit is 
made up of two dune systems: 

The Quindalup Dune System comprises Holocene shorelines and both fixed and mobile calcareous 
sand dunes which trend north-south (Lowry, 1974). 

The Spearwood Dune System is carbonate-rich and probably of marine origin, and contains dunes 
lithified to limestone (Lowry, 1974). 

The younger Quindalup Dune System (McArthur and Bettenay, 1960) covers the majority of the study area 
with the south-eastern portion contained within the older Spearwood Dune System (McArthur and Bettenay, 
1960). 

The boundary between the two systems is marked by salt-lake complexes, which are generally saline but 
also include gypsiferous and calcareous deposits. On their eastern margins, freshwater springs and 
swamps occur (Griffin and Burbidge, 1989). Within the project area, the salt lakes are collectively referred 
to as the Cockleshell Gully salt lake complex. The proposed Western Alignment of the Coastal Road - 
Jurien to Green Head commonces west of the southern area of the salt lake complex, diverts north-east 
between areas of the complex and then continues north to the west of the gypsum lake inland of Sandy 
Point. The proposed alternative Eastern Alignment commences east of the most southern portions of the 
salt lake complex then continues north-west such that a the mid-section of the alignment intersects the 
gypsum lake inland of Sandy Point. 

	

2.4 	Soils 

As part of the Quindalup Dune System, the majority of the area features calcareous sands of minimal 
development (Beard, 1979). The section of the study area lying within the Spearwood Dune System 
comprises siliceous sands leached of calcium carbonate but unbleached (Beard, 1979). 

The proposed western alignment initially passes over Tamala limestone, crossing into Safety Bay Sand 
immediately south of the Cockleshell Gully salt lake complex. Midway between Sandy Point and Green 
Head the route crosses two additional narrow inclusions of Tamala limestone. 
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Most of the area west of the proposed extension appears to be Safety Bay Sand, which features aeolian 
and beach sands, mainly calcareous with minor quartoze sand (GIS Map 2). The eastern portion is Tamala 
limestone; primarily calcarenite, kankar and leached residual quartz sand. 

The salt lake systems formed at the interface of the two dune systems may include lagoonal deposits of 
clay, silt, marl and shell beds, while others are mobile dunes or blowouts. An area of alluvium (clay, loam, 
silt and sand) bearing Eucalyptus rudis woodland is present to the north-east of the project area (GIS Map 
2). 
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3.0 	SURVEY METHODOLOGY 

	

3.1 	Vegetation and Flora 

The flora of the area was surveyed from June 22 to 28 1994. Plant species were identified in the field or 
specimens were collected for later identification and verification. Quadrats approximately 10 metres by 10 
metres were chosen by means of aerial photographs and field observations so that the array of vegetation 
types observed were represented. In addition an area approximately 30 m x 30 m surrounding the quadrat 
judged to be within the same vegetation complex was also scanned for additional species. Vegetation type, 
life-form strata, percentage cover, surface soil type, drainage, litter cover and the relative abundance of 
each species present were recorded at 33 sites. The positions of the sites are shown in Appendices Dl to 
D5. The site data was later examined, analysed using two different duster algorithms, and grouped into 
defined associations according to habitats which were then mapped. 

The survey was conducted only one to two weeks after the first significant winter rains, which were 
preceded by an unusually dry summer. Consequently the timing was unsuitable for the observation and 
identification of ephemeral species which would usually be found in large numbers in August to October. 
Several species of perennial grasses and herbs were also impossible to identify, as vegetative parts were 
poorly developed and flower and fruit material was not present. The main plant families thus affected were 
Poaceae (grasses) and Asteraceae (daisies). It is likely that if the survey had been conducted in late winter 
the total number of species recorded would be increased. 

Nomenclature and taxonomy is based on Hnatiuk (1990). 

3.2 Fauna 

The fauna of the area was also surveyed from 22 to 28 June 1994. Assessment of the vertebrate fauna 
was carried out using a variety of trapping, searching and observation techniques. During the field work all 
fauna and secondary evidence of fauna, such as tracks, diggings and scats were recorded. The locations 
of fauna trapping sites are shown in Appendices Dl to 05. 

Six trapping areas were chosen as being: 

representative of major habitat landforms, and 

areas of major environmental impact from the proposed development. 

Reptile and Mammal Fauna 

Methods employed to census reptile and mammal fauna in the project area were: 

Pit-trap drift fences - At four sites (Sites 1, 2, 3 and 4) a single line of five pits of either PVC (16 cm 
diameter., 40 cm deep) or 20 litre bucket pits were positioned in the ground with 5 m of flywire drift fence (30 
cm high) each side at approximately 30 m spacings and baited with universal bait (rolled oats, peanut paste, 
honey, sardines). Lines of pit traps were open for 5 consecutive days, comprising a total of 100 trap nights. 

Elliott box traps - At six sites (Sites 1, 2, 3, 4, 5 and 6) grids of 20 medium box traps were set 
approximately 20 m apart and baited with universal bait. The Elliott traps were in operation for 5 consecutive 
days, resulting in a total trapping effort of 600 trap nights. 

Searching - All major habitats were searched for cryptic species by raking of leaf litter, over-turning of 
logs and stones, searching beneath bark, investigation of burrows and pursuit of specimens opportunistically 
sighted. 

ecologia 



Bird Fauna 

All habitats containing trapping grids were searched for bird species. Sites were traversed by foot and both 
species and the number of individuals were recorded. Nests, both currently active and recently abandoned, 
were identified and recorded. 

Other Fauna Data 

To supplement the systematic sampling outlined above, the presence of species in all vertebrate groups 
were assessed via: 

Any secondary evidence - Tracks, diggings, nests and scats were recorded wherever it was possible to 
identify the species responsible. 

Opportunistic sightings - The presence of species sighted while travelling and during trap establishment 
was recorded 

Nomenclature is based on: Mammals - Strahan (1983), Birds - Slater of aL (1991); Reptiles - Storr of al. 
(1981, 1983, 1986, 1990); Amphibians - Tyler etal. (1984). 
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4.0 	VEGETATION and FLORA 

The Moora-Hill River area lies within the South-west Botanical Province (Diels, 1906; Gardner, 1942) and at 
the junction of three Botanical Districts, the Irwin, Avon and Darling Districts (Beard, 1979). This transitional 
location results in an unusually diverse vegetation with a large number of distinct communities (Beard, 
1979). 

The predominant vegetation of the region is known as 'kwongan", that is, scrub-heaths and thickets on 
lateritic soil or sandplains, although the term may also be used more broadly to include all types of 
sclerophyll shrubland (Beard, 1976). Kwongan vegetation has long been recognised as being of outstanding 
conservation value because of its rich (supporting a large number of species) and diverse (supporting 
species from a large number of genera) flora and because many of the species which occur are endemic or 
geographically restricted (Diels, 1906). In particular, the vegetation of the Lesueur region has been noted 
for its richness and unique character (Speck, 1958; CTRC, 1974; Griffin, Hopkins and Hnatiuk, 1983; 
Hopkins, Keighery and Marchant, 1983; Froend, 1987). 

The study area lies within the northern portion of the Drummond Subdistrict of the Darling Botanical District. 
The Drummond Sub-District lies on the Phanerozoic rocks west of the Darling Scarp (Beard, 1979). The 
majority of the study area lies in the coastal Guilderton Vegetation System, while inland from Jurien part of 
the study area lies within the Jurien Vegetation System (Beard, 1979). Geology and soil type have a strong 
influence on the vegetation. 

One broad scale vegetation type typical of the region encompasses the entire project area; Acacia lasiocarpa-
Melaleuca acerosa coastal heath. This association consists of a single, frequently dense layer of mainly 
sclerophyllous shrubs under 1 m in height and is typical of the Guilderton System. 

	

4.1 	Vegetation Analysis 

Multivariate analysis of the 33 survey sites using TWINSPAN and SYSTAT revealed a mosaic of eight major 
vegetation types: 

Samphire communities fringing playa lakes. 
Coastal fore-dune vegetation. 
Allocasuarina / Myrtaceous scrub-heath. 
Tall Acacia rostellifera / Melaleuca cardiophylla thickets. 
Coastal heaths which were further classified into three sub-types. 
Eucalyptus obtusiflora mallee woodland over mixed shrubs. 
Proteaceous woodlands/shrublands 
Dryandra sessilis scrub heath. 

On the basis of ground truthing using the structure and species composition of the dominant stratum and 
landform a further three types were included in the vegetation mapping: 

Tall dense Aiocasuarina shrub/woodland. 
Acacia rostellifera lAcacia cyclops shrubland over Hemiandra pungens dominated scrub. 
Open Calothamnus quadrifidus shrubland. 

The distribution of these associations is illustrated in Appendices Dl to D5. In general, dune systems 
dominated by Acacia lasiocarpa-Melaleuca acerosa heath encompass most of the area. Plates I to 5 
illustrate some of the dominant vegetation associations present and descriptions of the detailed flora survey 
sites are contained within Appendix E. 

The relationship between the detailed survey sites as determined by SYSTAT and TWINSPAN analyses 
using species densities by site data are illustrated in Appendices D6 and D7 respectively. A detailed 
discussion of the algorithms and parameters of each analyses is beyond the scope of this report (Wilkinson, 
1989; Mohler, 1987), however it is relevant when comparing these two analyses to appreciate the following: 
both analyses use the species by site data to compute the degree of similarity or dissimilarity between sites. 
SYSTAT produces a quantitative index of dissimilarity for each site relative to every other site which allows 
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a hierachial ordering of sites. However it does not provide any indication as to how species are distributed 
within this hierarchy. TWINSPAN computes successive ordinations to allow dichotomisation of the sites, 
and in addition computes Indicator species" which are strongly linked to particular environments. In 
contrast to SYSTAT the hierachial relationships are qualitative rather than quantitative. It is therefore useful 
to use the two methods in cohort when examining the relationships between sites. The analyses detailed in 
Appendices D6 and D7 used the species by site matnx detailed in Appendix C, which includes species 
within the 10 m by 10 m quadrat and any additional species collected in the perimeter of each quadrat. 
Analyses (not shown) using the species collected within the quadrat alone produced an almost identical 
hierachial ordering for both TWINSPAN and SYSTAT to that shown. 

4.2 	Vegetation Associations 

The Guilderton System occupies the recent dunes and sands of the coastal belt. It is similar to the Cliff 
Head System of the Irwin District and represents the northward extension of the Quindalup Dune System of 
the Swan Coastal Plain (McArthur and Bettenay 1960) under a different vegetation (Beard, 1979). Sandplain 
heath vegetation has been regularly burnt in European times and appears able to regenerate well after fire 
(Gardner, 1957; van der Moezel, Loneragan and Bell, 1987). However the vegetation on stabilised dunes of 
calcareous sand does not regenerate readily and it appears that the present vegetation is a seral stage 
(Beard, 1979). Thus while the climax vegetation of the white sand dunes appears to have been Callitris 
preissii low forest, it is now represented only by small patches and was not observed within the study area. 
The sub-climax community of Acacia thickets of A. rostelifera and A. cyclops has also been much reduced 
by fire, commonly to a heath of Acacia lasiocarpa and Melaleuca acerosa which dominates the survey area. 
(Beard, 1979). In the southern Guilderton system Acacia rnstellifera begins to replace A. cyclops as the 
sub-climax stage and Melaleuca cardiophylla appears (Beard, 1979). Other components include Acacia 
cuneata, Anthocercis littorea, Eremophila glabra, Grevillea sp., Hakea prostrata, Hemiandra pungens, 
Leptomeria spinosa, L. preissiana, Lochenaultia linarioides, Melaleuca huegeli Myoporum gracile, Olax 
phyllanthi,, Olearia a.xillaris, Ptiotus stirlingi,, Senecio lautus, Templetonia retusa and Tersonia brevipes 
(Beard, 1979). 

The southern end of the proposed Coastal Road - Jurien to Green Head falls within the Jurien System 
which occupies the older coastal dunes and is an extension northwards of the Spearwood Dune System 
(McArthur and Bettenay, 1960) under different vegetation (Beard, 1979). It is similar to the Illyarrie System 
of the Irwin District (Beard, 1979). The vegetation is a mosaic dominated by scrub-heath on limestone, with 
Banksia prionotes common among the taller shrubs and Dryandra sessilis and Calothamnus quadrifidus 
dominating the lower heath layer (Beard, 1979). Scrub-heaths and thickets are associated with sandplains 
with sandy yellow earths to earthy sands (Beard, 1981). 

Griffin (1992) found that rare or priority flora in the immediate project area appeared to be largely confined 
to areas of Pleistocene limestone with residual yellow sand. Similarly, a study of the Southern Beekeepers 
Reserve found that the coastal heath vegetation associations were relatively floristically depauperate when 
compared with the more complex heaths occurring on the limestone in the eastern section of the reserve 
(Burbidge and Boscacci, 1989). Thus the limestone of the Jurien System supports more complex vegetation 
formations than the relatively depauperate coastal formations of the Guilderton System. These findings are 
reiterated in the current survey, in which 51 of the 172 species recorded (29.6 %) occurred in the two 
Banksia woodlands/shrublands (6.1 % of all sites), with 29 of these species (16.8 %) recorded only at these 
two locations. In contrast, while 18 of the 33 detailed vegetation sites were located within coastal heath 
associations (52.9 % of all sites), only 76 species (43.9% of all species) were recorded within these heaths 
and only 14 species (8.1 %) were recorded only within these associations. 

The broad structure of the eleven vegetation communities mapped in Appendix D is as follows: 

ASSOCIATION 1. Samphire Communities 

This vegetation type occurs on the gypseous saline soils which surround the playa lakes. Beard (1979) 
states that saline areas support saltbush and samphire communities, either alone or with an overstorey of 
eucalypts, sheoak or teatree (Melaleuca thuyoides). Within the project area, samphire vegetation is typically 
open to sparse and predominantly low, although an overstorey of Melaleuca species or Aiocasuarina 
Iehmanniana is sometimes present at the outer perimeter of the salt lakes. Species diversity is usually low 
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and dominated by Chenopodiaceous shrubs below 0.5 metres and sedges. Common shrub species include 
1-lalosarcia halocnemoides ssp. halocnemoides, Halosarcia indica ssp. bidens and Suaeda australis, while 
the most common sedges present are Juncus kraussiissp. australiensis, Gahnia trifida, Leptocarpus aristatus 
and Leptocarpus tenax. Also characteristic, although present at lower densities, were the species Frankenia 
pauciflora, Samolus repens and Wilsonia humilis. According to Griffin (1992) the vegetation of the winter 
wet areas is poorly known but highly variable. 

Although floristic diversity within the samphire communities is low, the species present are largely endemic 
to this association. Of the twelve species recorded at the detailed survey site within the samphire community, 
nine were recorded only within this association. 

ASSOCIATION 2. Coastal Dune Vegetation 

This vegetation was restricted to the white sand dunes immediately adjacent to the coast. The vegetation 
on the western side of the first line of dunes could be clearly distinguished from that which occurred on the 
eastern side, although species composition was sufficiently uniform to warrant inclusion in the same category 
within the SYSTAT and TWINSPAN analyses. The distinction can be attributed to the localised influences 
of airborne salt spray and greater exposure to wind on the western side of the dunes. On the western side 
vegetation is predominantly below 0.5 metres, with some specimens of Atriplex isatidea and Myoporum 
apiculatum reaching heights up to one metre. Low shrubs of Olearia axillaris, Myoporum apiculatum, 
Scaevo!a crassifolla and Acanthocarpus preissii dominate, with Tetragonia decumbens and Carpobrotus 
virescens also common. At ground level Conostylis candicans ssp. calcicola, Isolepis nodosa and the 
grasses Spinifex longifolius and Poa poiformis form an open cover. On the eastern aspect of the dunes the 
taller shrub species are much more common, forming a moderately dense stratum above the dense 0-0.5 
metre stratum. Dominant species in the taller stratum include Myoporum apiculatum, Olearia axillaris, 
Spyridium globulosum, Allocasuarina Iehmanniana and in some locations Acacia rostellifera and Melaleuca 
acerosa. In the low shrub stratum the species Acanthocarpus preissii and Scaevo!a crassifolla are again 
common, however the species Hemiandra pungens var. glabra , which is absent from dunes with a western 
aspect, is dominant below 0.5 metres. Species diversity is generally greater on the eastern side of the 
dunes, with Templetonia retusa, Lepidium linifolium, Thryptomene denticulata, Carpobrotus virescens and 
Rhagodia baccata also relatively common. At ground level Conostylis candicans ssp. calcicola and Poa 
poiformis are again present as an open cover, but the "hummock grass" Spinifex longifulius is notably 
absent. 

Six species; Angianthus cunninghamii Atriplex isatidea, Isolepis nodosa, Lepidium linifolium, Spinifex 
longifolium and Tetragonia decumbens were recorded only within this association. 

GUILDERTON SYSTEM 

ASSOCIATION 3. Allocasuarina Iehmanniana /Myrtaceous scrub-heath 

This association is characterised by a moderately dense to open shwbland in which Allocasuarina iehmanniana 
is common but not necessarily dominant. It appears localised to areas of shallow sand with exposed 
limestone. Gnffin (1992) reported that Allocasuarina Iehmanniana shrublands are typical of deflation basins 
in the area. The taller shrub layer also includes Acacia rostellifera, Melaleuca huege!ii Spyridium globulosum 
and Santalum acvminatum. A moderately dense lower shrub stratum tends to be more mixed, with species 
such as Acacia lasiocarpa var. lasiocarpa, Acacia truncata, Acrotriche cordata, Leptomeria preissiana, L. 
spinosa, Melaleuca acerosa and Spyridium globulosum. At ground level, an open to moderately dense 
cover of sedge-like plants includes species such as Schoenus !aevigatus, Gahnia lanigera and Leptocarpus 
aristatus. The parasitic twiner Cassytha pomiformis is common within the herb class for this association 
and at some locations occurs in profusion as a tangled creeper on the lower shrub layers. 

Seven species; Acrotriche cordata, Anthobolus leptomerioides, Gahnia lanigera, Leptocarpus aristatus, 
Leptomeria spinosa, Lopyrodia sp. and Nuytsia ioribunda were recorded only within this association. 
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Plate 1: Coastal heath of the Guilderton System (near Site 4). 
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Plate 2: Proteaceous woodland of the Jurien System (Site 3) 
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Plate 4: Dune vegetation (Site 19). 
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Plate 5: Moderate height Melaleuca / 
Allocasuarina heath (Site 14). 

Plate 3: Eucalyptus obtusiflora over mixed shrubs (Site 2). 
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ASSOCIATION 4. TaIl Allocasuarina Iehmanniana sh ru bland/wood land 

This association is localised to the fringes of playa lakes in dense gypseous soil. It is characterised 
by a moderately dense to dense overstorey of Allocasuarina Iehmanniana ranging in height from two 
to four metres. In areas where the overstorey is open, tall shrubs of Mela/euca cardiophylla are also 
present, however in general the middle shrub stratum is largely absent. At ground level there is an 
open cover of Conostylis candicans and sedges such as Lepidosperma angustatum, Leptocarpus 
aristatus and Gahnia trifida. 

ASSOCIATION 5. Tall Acacia rostellifera-Melaleuca cardiophylla shrublands 

This association features moderately dense to dense Acacia rostellifera, Melaleuca cardiophylla and 
Mela/euca huege!ii present as tall shrubs/trees to more than 2 m in height. Commonly occurring 
shrubs within the understorey include Acacia truncata, Dodonaea aptera, Leptomeria preissiana, 
Santa/urn acuminatum and Templetonia retusa. The low shrub stratum (i.e. below 0.5 m) is generally 
open and contains such species as Cryptandra mutila and Thiyptomene denticulata, as well as 
smaller shrubs of the species present in upper strata. At ground level there is an open coverage 
dominated by sedge-like species such as Loxocarya flexuosa, Loxocaiyasp. B and Conostylis candicans 
ssp. calcicola and Lepidosperma angustatum. Various Cassytha species are present as twiners 
within the usually sparse herb strata, which also indudes Comesperma integemmum and the introduced 
weed *Anaga/Iis  arvensis at sparse densities. 

Three species, Melaleuca ?trichophylla, Muehlenbeckia adpressa and Comesperma integerrirnurn 
were found only within this association type. 

ASSOCIATION 6. Coastal Heaths 

The majority of the white sand flats and low dunes of the coastal Guilderton System are dominated by 
a mosaic of heaths and scrub. Both SYSTAT and TWINSPAN identified a cluster of these heath 
communities which encompassed the majority of detailed survey sites, reflecting the widespread 
distribution of these heaths within the project area. The following three sub-types were distinguished 
using a combination of ground truthing of aerial photography and analysis of data on species density 
and composition of the detailed survey sites. It should be noted that these sub-types usually form a 
continuum, and that the sub-types recognised by cluster analysis differed slightly from those mapped 
(see Appendix D). This is largely attributable to the heavier bias which ground truthing of aerials 
places on the existence of strata (for instance an overstorey of one species) within the vegetation. In 
contrast the statistical analyses TWINSPAN and SYSTAT define associations solely on the basis of 
species composition and species density irrespective of the stratum which each species occupies. 
The sub-types of heaths recognised by the statistical analyses could not be clearly distinguished 
given the scale of resolution of the available aerial photography. 

Sub-Type (a) Acacia lasiocarpa-Melaleuca acerosa low coastal heath 

This association occurs on the plains surrounding the north-south system of low dunes and is 
characterised by dense Acacia lasiocarpa var. !asiocatpaiMelaleuca acerosa dominated heaths less 
than 60 cm in height. Pimeliaferruginea is also relatively common in some locations. Small patches 
of taller species such as Acacia rostellifera, Anthocercis littorea, Exocarpos sparteus, Olearia axillaris 
and Santalum acuminatum are sometimes present. At ground level a moderately dense cover of 
sedge-like plants is present, dominated by Lepidosperma angustatum, Lomandra maritima, Conostylis 
candicans ssp. calcicola, Loxocarya flexuosa and Loxocarya sp. B. The twining species Cassytha 
pomiformis, C. (lava, C. racemosa and Drosera ?menziesll are relatively common, however herbs are 
generally sparse. The introduced herb *Erodium  botlys was present at one location within this 
vegetation type. 

Sub-Type (b). Sparse low heath with Acacia rostellifera overstorey 

This association occurs on the series of parallel north-south low dunes. Vegetation closely resembles 
that of Sub-Type (a), with low shrubs of Acacia lasiocarpa and Melaleuca acerosa common, however 
the total vegetation is sparser and the shrub Hemiandra pungens is usually co-dominant. Thickets of 
Acacia rostellifera are widespread on the sides of the dunes, with vegetation on the tops of slopes 
usually very sparse and low. At ground level an open cover of sedge-like plants is again present, 
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dominated by Conostylis candicans ssp. calcicola , Loxocarya flexuosa and Loxocatya sp. B with the 
twining species Cassytha pomiformis and C. racemosa also present. 

Sub-Type (c). Mixed heaths 

As with Sub-Types (a) and (b), Acacia lasiocarpa and Melaleuca acerosa are common in the lower 
stratum. However this association is distinguished from the former two by the presence of additional 
species resulting in a slightly taller and more mixed heath. The 0.5 to 1 metre stratum may include 
species such as Melaleuca huegelii, Melaleuca cardiophylla, Santalum acuminatum, Leptomeria 
preissiana, Leucopogon oxycedrus, Olax benthamiana, Pimelea ferruginea, Leptomeria preissiana, 
Myoporum apiculatum and Anthocercis littorea. There is also greater diversity in the low shrub 
stratum and species which may be present include Beyeria cinerea, Crytandra mutila, Scaevola 
thesioides var. thesioides, Gompholobium tomentosum, Hibbertia subvaginata and the Priority 3 
shrub Olax scalariformis. At ground level there is a moderately dense coverage of sedge-like plants 
including Lomandra maritima, Loxocarya flexuosa, Loxocarya sp. B and Lepidosperma angustatum. 
In contrast to the low Acacia lasiocarpa IMelaleuca acerosa heath (Sub-Type a), Conostylis candicans 
ssp. calcicola is sometimes absent or very sparse within this association. 

ASSOCIATION 7: Eucalyptus obtusiflora mallee woodland over mixed shrubs 

This association consists of open to moderately dense mallee Eucalyptus obtusiflora over mixed 
shrubs. It is localised to scattered communities on the swales between dunes in the region inland and 
immediately north and south of Sandy Point. The understorey contains components of adjacent 
vegetation associations and hence varies within the range of occurrence. In the more northern 
communities, for instance, the understorey contains a moderately dense and tall shrub layer of 
Melaleuca huegeill and Acacia rostellifera and a lower open shrub storey of Cryptandra mutila, 
Beyeria cinerea, Melaleuca acerosa and Acacia lasiocarpa with Stenanthemum ?pomaderroides, 
Leucopogon parviiorus, Pimelea ferruginea and Ricinocarpus ?velutinus at lower densities. The 
southern communities are surrounded by Allocasuarina and mixed Myrtaceous heaths as described in 
Association 3, and the understorey is more diverse, with Acacia ericifolia, Dodonaea aptera, Thryptomene 
denticulata, Acacia truncata and Melaleuca cardiophylla common and species such as Cryptandra 
mutila, Leptomeria preissiana, Calothamnus quadrifidus, Acacia lasiocarpa var. lasiocarpa, Hibbertia 
subvaginata, Alyogyne hakeifolia, Grevillea thelemanniana ssp. preissii, Dtyandra nivea, Leucopogon 
oxycedrus, Acanthocarpus preissii Thomasia triphylla and Hardenbergia comptoniana present at low 
density. The Priority 4 species Grevillea olivacea and the recently described Diplolaena leemaniana 
ms. were recorded within this southern area of the association. 

Seven species were recorded which were not found within any other sites sampled; Alyxia buxifolia, 
Bossiaea eriocarpa, Eucalyptus falcata, Grevillea olivacea (Priority), Grevillea thelemanniana ssp. 
preissii and Jacksonia ioribunda. 

ASSOCIATION 8. Moderate height Acacia rostelliferalA. cyclops over low shrubs 

This association was observed on the east-west transect which runs between the corner of Grigson's 
property and the western alignment and which is under consideration as an access route to a sandfill 
resource. It consists of an open to moderately dense shrub stratum in the one to two metre range of 
Acacia rostellifera and in some areas Acacia cyclops. Below one metre an open cover of Melaleuca 
acerosa and Hemiandra pungens occurs above Conostylis candicans and Loxocarya flexuosa. As it 
extends west the overstorey becomes progressively sparser within the association, and the lower 
shrub and ground storeys become more dominant and diverse, with Hemiandra pungens becoming 
less common and species such as Acacia lasiocarpa var. lasiocarpa, Diyandra sessilis, Melaleuca 
huegelil, Pimelea ferruginea and sedges such as Gahnia trifida and Leptocarpus roycei becoming 
more common. Near the junction of the transect with the western alignment the association becomes 
indistinguishable from Low Heath (Association 6(a)). 
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ASSOCIATION 9. Open Calothamnus quadrifidus shrubland 

This association is apparently localised to a small depression within an area of Tamala limestone on 
the western alignment south of Cockleshell Gully (see Site 13, Appendix D). It contains elements of 
the Jurien system, in particular the dominant Calothamnus quadrifidus, but more dosely resembles 
the Guilderton associations which surround it. The open overstorey is dominated by Calothamnus 
quadrifidus shrubs approximately 2 metres tall with some Santalum acuminatum also present. 
Underneath, a dense to sparse shrub stratum contains Calothamnus quadrifidus, Cryptandra mutila 
and Melaleuca acerosa, with lower proportions of Dodonaea aptera, Gre villea thelemanniana, 
Leucopogon oxycedrus, Beyeria cinerea, Stenanthemum ?pomaderroides atd Acanthocarpus preissil. 
The small shrub Diplolaena leemaniana ms. was found only within this association and the Eucalyptus 
obtusifiora mallee woodland at Site 2. 

The orchid Caladenia sp. was the only species unique to this association. 

JURIEN SYSTEM 

The Jurien System vegetation is a mosaic dominated by scrub-heath, with Banksia prionotes common 
among the taller shrubs and Dryandra sessilis and Calothamnus quadrifidus dominating the lower 
heath layer (Beard, 1979). It is localised to sandy loam over limestone. Within the project area this 
vegetation type is present in two distinct formations. 

ASSOCIATION 10. Proteaceous woodlandfshrublands 

This association is a mosaic of open Banksia prionotes low woodland and Proteaceous shrubland. 
The woodland understorey is a dense and diverse heath to 2 m tall dominated by Melaleuca acerosa 
and Calothamnus quadrifidus. An open ground cover of Conostylis candicans ssp. calcicola and 
Mesomelaena pseudostygia occurs with other sedge-like species and some herbs at sparse densities, 
including the introduced aster *Hedypnois rhagadioloides. Surrounding areas support a very dense 
Banksia sphaerocarpa var. sphaerocarpa mixed heath, predominantly less than one metre tall but 
with a moderately dense cover of shrubs to two metres. Amongst a diverse array of shrub species, 
Melaleuca acerosa occurs at moderate densities with an open cover of Labichea cassioides over 
open low shrubs dominated by Petrophile brevifolia. A moderately dense ground cover is dominated 
by Loxocarya flexuosa and Loxocarya sp. B, with Conostylis candicans ssp. calcicola and various 
other herbs and sedge-like species at lower densities. 

ASSOCIATION 11. Dryandra sessilis scrub heath 

Further west a band of undulating plains of Tamala limestone formation occurs, in which an open to 
moderately dense scrub heath is localised to the crests of the low hills. Dryandra sessilis dominates 
the heath, with other species present at lower densities including Hakea undulata, Hakea lissocarpha, 
Acacia truncata, Nemcia capitatum, Templetonia retusa, Spyridium globulosum and Beyeria cinerea. 
The lower areas are covered by a lower heath with more similarity to the coastal heaths. Dominant 
shrubs include Melaleuca acerosa, Melaleuca huegelii Templetonia retusa and Beyeria cinerea, with 
Acacia lasiocarpa, Scaevola thesioides var. thesioides and Stenanthemum ?pomaderroides present 
at lower densities. Throughout the association the ground cover is dominated by Lomandra maritima, 
with Conostylis candicans, Loxocarya sp. B, Loxocarya flexuosa, Loxocarya cinerea and Lepidosperma 
angustatum also present at lower densities. 

4.2 	Flora 

In total, 172 vascular plant species were collected from the project area (Appendix A). Of these, 159 were 
identified to species level, with six species determined to genus level only and a further seven identifications 
to species level with some uncertainty attached, owing to the lack of flowers or fruits necessary to enable a 
complete identification. Four naturalised annual species were observed; *Erodium  botrys,  *Verbascum  
virgatum, *Anagalus  arvensis and *Hedypnois  rhagadioloides. It is expected a larger number of introduced 
species would be present after significant rainfall. Plants identified in this survey induded members of 51 
families, of which 23 were represented by a single species, and 114 genera. The families most numerously 
represented were Proteaceae (20 species), Myrtaceae (19 species), Cyperaceae (11 species), Asteraceae 
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(9 species), Papilionaceae (9 species), Chenopodiaceae (8 species) and Restionaceae (8 species). The 
genera most numerously represented in the area were Melaleuca (8 species), Acacia (5 species), Eucalyptus 
(4 species) Hakea ( 4 species) and Schoenus (4 species). 

The sites with the greatest species richness were Site 2 (Eucalyptus obtusiiora / Eucalyptus falcata over 
shrubs, 38 species), Site 5 (Allocasuarina heath, 37 species) and Site 16 and Site 3 (Jurien Proteaceous 
complex, 34 species each). The sites with the lowest species richness were Site 7 (Samphire community) 
and Site 8 (dense Acacia rnstellifera / Melaleuca cardiophylla thicket). As a trend, the Jurien complex was 
consistently species rich and the samphire communities were consistently species poor, with all other 
associations exhibiting a range of species diversities, but generally falling between these extremes. 

4.2.1 Declared Rare Flora and Priority Species 

No "Declared Rare Flora (DRF), species listed in the CALM Rare Flora Schedule, 1993, were located within 
the project area. However two Priority species, 0/ax scalariformis (Priority 3) and Grevillea olivacea 
(Priority 4) and a recently described species, Diplolaena leemaniana ms., were recorded. The area within a 
50 kilometre radius of Jurien contains 114 species of flora listed as priority taxa (Appendix B), including one 
presumed extinct species, Platysace dissecta, 15 species of Declared Rare Flora (including seven species 
of Eucalyptus) and 98 Priority species (Atkins, 1993). However the majority of these species are restricted 
to the shallow sand over limestone of the Jurien System vegetation complex, which constitutes a small 
proportion of the study area. 

Priority Species are those species not designated DRF yet whose conservation status appears to warrant 
some special legal protection. The priority species are maintained on a "Reserve List" and assigned to one 
of five priority categories. 

Code: 

DRF 	 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. 

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

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

Priority Three Poorly Known Taxa. Taxa which are known from several populations, 
at least some of which are not believed to be under immediate threat. 

Priority Four Rare Taxa. Taxa which are considered to have been adequately 
surveyed and which whilst being rare , are not currently threatened by 
any identifiable factors. 

(From Atkins, K.J., Declared Rare and Priority Flora List 28 October 1992, Dept. CALM) 

Details of the two priority species recorded within the current survey are as follows: 

Olax scalariformis (Priority 3) 

This species is a spindly shrub to 70 cm with erect, flattened, zig-zag branchlets with distichous linear 
leaves approx. 2 mm x 0.5 cm. Flowers are white, with flowering occurring between October and November. 
It has previously been collected from Eneabba, Jurien Bay, Cervantes, Arrowsmith River, the Gairdner 
Range and Moore River National Park. This species was recorded at Site 15, a mixed shrubland with an 
open overstorey of Acacia rostellifera and A/locasuarina !ehmanniana , at densities of less than 2% of the 
overall vegetative cover. 
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Gre villea olivacea (Priority 4) 

This species is an erect shrub to 4 m tall, with 3-8 cm tong narrow-elliptic to obtanceolate olive-coloured 
leaves, the lower surface of which is appressed white pubescent. Flowers are red, in short terminal or 
axillary racemes which occur between July and September. Previously recorded from Drovers Cave, 
Leeman, Greenhead, Jurien Bay and Dongara. Within the project area this species was recorded only at 
Site 2, an Eucalyptus obtusiflora woodland over dense heath, at densities of less than 2% of the overall 
vegetative cover. 

Diplo!aena leemaniana ms. 

Diplolaena leemaniana ms. is a species currently in the process of description. It is a spreading shrub to 70 
cm, with broad ovate to circular leaves 20 mm x 35 mm, softly pubescent above with soft to velvety stellate 
hairs below. Flowers are approximately 2 cm diameter, with a grey to rusty indumentum and pink stamens 
and anthers. It is known from Dongara, Greenough and between Jurien and Green Head. While not a 
Priority flora species, Diplolaena leemaniana ms. does have a limited known distribution within this range. It 
appears to grow principally in sand over limestone. This species was recorded at densities below 2% of 
total cover at Site 2, an Eucalyptus obtusiflora woodland over dense heath, and Site 13, a dense mixed 
scrub. 

Other species of interest 

While not having priority listing, Eucalyptus obtusiflora is at the limit of its geographic range in the Jurien 
area and is therefore of conservation significance (Griffin, 1992). 
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5.0 FAUNA 

The project area lies within of the boundary of the major zoogeographic region of the mesic South West. 
The field survey recorded 37 species of bird, four native and four introduced mammals, six reptiles and two 
amphibians. On the basis of literature searches and known habitat preferences the project area may 
support approximately 145 bird,. 18 native and eight introduced mammal, 49 reptile and nine amphibian 
species (Appendix F). 

	

5.1 	Birds 

Bird surveys of the project area recorded 37 species; 14 non-passerines and 23 passerines (Appendix Fl). 
Based on known habitat preferences and species distributions the area may support up to 145 species 
including 82 non-passerines and 63 passerines. This total is higher than the 124 species recorded from the 
Lesueur National Park as it includes a greater number of wader's. However in reality it is unlikely that the 
area would support the full complement of species at any one time since a proportion of the species are 
migratory or transitory visitors. 

The low number of field records reflects the short duration of the survey and seasonal influences with winter 
being an unfavourable period for biological surveys. The species list for Lesueur National Park represents 
data collected over a number of years. 

Many species are at the northern limit of the range within the project area including, the Western Rosella, 
Restless Flycatcher, Southern Emu Wren, Little Wattlebird, Spotted Pardalote and Dusky Woodswallow. 
Others such as the Variegated Fairy Wren and Pied Honeyeater are at their southern limits (Burbidge et aL, 
1989). 

Of the species recorded within the project area, the passerines predominate in abundance (62%), particularly 
the honeyeaters, with large numbers of New Holland Honeyeaters present. Among the non-passerines the 
granivorous parrots constitute 71% of the total, with the Galah and Camaby's Black Cockatoo the most 
numerous. 

	

5.2 	Reptiles and Amphibians 

Pit trapping and opportunistic collecting yielded six reptile and two frog species from the project area (Table 
4). With examination of known species distributions and habitat preferences it is expected that up to 49 
reptile and nine amphibians may occur in the area. However as with the bird observations, the limited 
survey duration and seasonal timing resulted in a low number of records. (Appendix F2). 

As with the mammalian fauna there is a large Bassean component in the herpetofauna. Twenty six species 
(62%) have Bassean biogeographic affinities only, while a further 11 species (20%) such as Morelia 
stimsoni and Varanus gou!dii have a predominately and distribution with range extension into the South 
West. Two species, Gehyra vanegata and Lialis burtonis, have Australia-wide distributions occurring mainly 
in and and semi-arid habitats. 

Taxa such as Aclys concinna, Lerista christinae and Delma greyii have relatively restricted distributions. 
Species such as Ctenophorus maculatus, Lerista planiventralis and Vermicella littoralis occur at or near the 
southern boundary of their distribution. 

5.3 Mammals 

Eight species of mammal from seven families were recorded dunng the field survey, of which four species 
were native and four introduced. On the basis of known habitat preferences and species distributions the 
project area may support 17 native and eight introduced species of mammals (Appendix F3). This is in 
accordance with the recorded mammalian species richness of the Lesueur National Park, from which 15 
indigenous species have been reported (Burbidge and Fuller, 1989). These authors suggest that the bat 

ecologia 



19 

fauna has been under-sampled and that a further three species could be expected to occur, taking the total 
to 18 species for the reserve. All the mammals recorded during this survey within the project area have also 
been recorded from the Lesueur National Park. The Bush Rat Rattus fuscipes appears to be relatively 
abundant within the project area with a total of 42 trap records from five of the six trapping sites. The 
majority of captures, 27, were recorded from Site 1. A substantial portion of these records would represent 
recaptures, as this species is easily re-trapped (Strahan, 1983). 

The greater proportion (60%) of the native mammals which occur or are expected to occur in the project 
area are Bassean in biogeographic affinities with the major proportion of their distributions in south west of 
Western Australia. The only predominately mesic south western species which may occur in the area is the 
Fat-tailed Dunnart SmInthopsis crassicaudata. The project area lies on the northern limits of this species 
distribution. Of the Eyrean species the Little Cave Eptesicus and the Wongal Ningaui Ningaui ridei are near 
the southern limits of their range. Another six species, such as the- Echidna and Dingo, have Australia wide 
diètributions. 

Eight species of introduced mammal are potentially present in the project area. All are widespread in 
distribution. Two feral cats were sighted during the survey, however it is highly probable that the area would 
support a much larger population. Only three House Mice were trapped over the duration of the survey. 
Evidence of rabbit activity was reported from each of the survey grids and transect lines. 

Table 2: Native and introduced mammal species recorded within the Jurien to Green Head 
biological survey sites. 

Common name 	Species 	 Sites 
1 2 3 4 5 6 Opp. 

Echidna 	 Tachyglossus aculeatus 	 1,s 
Western Grey 	Macropus fuliginosus 	 1 	 4 	1 	8,s 
Ash-grey mouse 	Pseudomys albocinereus 	 3 	2 	1 
Bush Rat 	Rattus fuscipes fuscipes 	27 11 	2 	1 	1 

House Mouse 	Mus musculus 	 1 	1 	1 
Fox 	 Vulpes vulpes 	 1 
Feral Cat 	 Fe/is catus 	 1 	1 
European Rabbit 	Oryctolagus cuniculus 	 s 	s 	s 	s 	s 	s 

Opp. = Opportunistic sightings 
s = signs of presence recorded: scats, tracks, diggings etc. 

5.4 	Scheduled Fauna 

Of the four scheduled species of birds potentially occurring in the Jurien - Green Head project area (CALM, 
1990), only one, the Schedule 4 Carnaby's Black Cockatoo, was recorded during the field survey: 

The Long-billed Corella is listed as Schedule 1, "fauna which is rare or likely to become extinct". The 
Long-billed Corella is uncommon to rare in its western distribution. It has disappeared from parts of its 
former range and appears to be declining. 
The Peregrine Falcon is listed as Schedule 4, "other specially protected fauna". It is uncommon but 
widespread throughout Australia. 
Baudin's Black Cockatoo is also listed as Schedule 4. It has diminished in range since European 
settlement but is unlikely to become rare. Banksia tricuspis is a food plant for Baudin's Black Cockatoo 
which forages in heaths and nests in woodlands. 
Camaby's Black Cockatoo is also listed as Schedule 4. A single flock of the species was recorded in 
the current survey. 
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Two reptile species of Schedule 4 status, the Woma and the Carpet Python, may occur in the area (CALM, 
1990) however there was no evidence of either species during the field survey: 

A specimen of the python species Woma Aspidites ramsayii, was collected 8 km north of Badgingarra 
in 1966. This species is rare and locally declining and is unlikely to be found in the project area. 
The Carpet Python Morelia spilota imbricata is widespread but uncommon in southwest WA. 
The skink Lerista christinae, while not listed as a priority species, is poorly collected. This species 
occurs on Rottnest Island and in the Eneabba - Lesueur - Badgingarra region. 

A number of Schedule 1 mammal species are now locally extinct while still occurring in other parts of 
southwest Australia (Burbidge, Hopper and van Leeuwen, 1989). These include the Woylie Bettongia 
penicellata, Chuditch Dasyurus geoffroii, Dibbler Parantechinus apicalis, Quenda Isoodon obesulus, Western 
Mouse Pseudomys occidentalis and Heath Rat Pseudomys shortridgei. 

5.5 	Fauna Habitats 

Fauna habitats are closely aligned with Iandform - vegetation associations. The Guilderton vegetation 
complex comprised the majority of habitat within the project area and consequently was the most heavily 
sampled. It comprised the bulk of the vegetation along the preferred Western Alignment and a significant 
proportion of the Eastern Alignment. However, the greatest species richness was recorded from within the 
proteaceous heath characteristic of the Jurien complex. 

The proteaceous heath is expected to produce one of the richest faunal assemblages. This habitat provides 
the most structural diversity, with an open canopy of Banksia prionotes and the often dense shrublands of 
Dryandra and Banksia sphaerocarpa. Such high habitat heterogeneity provides a rich array of ecological 
niches for exploitation by invertebrate and vertebrate fauna. The rich floristic nature of the association, with 
a range of flowering shrubs occurring at moderate density, attracts nectivorous and insectivorous bird 
species such as the honeyeaters, thombills and robins. Additionally, the litter layer is rich in ground dwelling 
insects which in turn support a diverse reptile fauna, induding such species as Diplodactylus puicher, D. 
stenodactylus and Delma nasuta. 

The widely occurring coastal heathland of the Guilderton System is expected to support fewer species of 
fauna than the Jurien System habitat types, as the vegetation is structurally less complex. 
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Table 3: Number of species recorded or expected to occur in the habitats in the Coastal Road - 
Jurien to Green Head project area. 

FAUNA HABITAT 
1 	2 	3 	4 	5 	6 

Native Mammal Species: 
Number recorded 3 3 1 1 2 1 
Number expected to occur 11 12 8 8 10 8 

Introduced Mammal Species: 
Number recorded 3 1 0 0 1 2 
Number expected to occur 6 5 5 5 6 7 

Bird Species: 
Number recorded 14 27 0 0 6 12 
Number expected to occur 55 67 25 59 64 68 

Amphibian Species: 
Number recorded 5 2 0 0 0 0 
Number expected to occur 8 8 0 3 3 1 

Reptile Species: 
Number recorded 8 13 0 0 3 0 
Number expected to occur 37 43 23 14 29 26 

TOTAL SPECIES 
Number recorded 	 33 	46 	1 	1 	12 	15 
Number expected to occur 	117 	135 	61 	89 	112 	110 

Habitat 1: Heath - Guilderton System 
Habitat 2: Proteaceous vegetation - Jurien System 
Habitat 3: Fore-dunes 
Habitat 4: Salt Lakes 
Habitat 5: Dense thickets and woodlands 
Habitat 6: Eucalyptus woodland over farmland 
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6.0 	CONSERVATION SIGNIFICANCE 

The significance of the biota of the Coastal Road - Jurien to Green Head project area was assessed in 
three contexts; State, Regional and Local. 

	

6.1 	Conservation Status 

The project area encompasses landforms and vegetation associations which are widespread throughout 
the coastal areas of the Drummond Subdistrict. Areas representative of these features and associations 
occur within conservation areas in the Beekeepers Reserve and will be conserved in the Lesueur National 
Park following rationatisation of the western boundary. Thus the habitats which support the greatest 
biodiversity, such as the mallee eucalypts over heath and the proteaceous associations characteristic of the 
Jurien System, or which are refugia for specialist species, such as the salt lake and saline habitats, are 
conserved within the region. 

The region is at the junction of three Botanical Districts and this transitional location results in an unusually 
diverse area with a large number of distinct plant communities (Beard, 1979). Recognition of the unique 
character of the region led to the vesting of the Lesueur National Park for the purpose of flora conservation. 

Biota of significance which were recorded within the project area are the two priority species of flora, 
Gre villea olivacea and Olax scalariformis and the Schedule 4 fauna species Carnaby's Black Cockatoo. 

Four priority species of birds potentially occur in the Jurien - Green Head project area: the Long-billed 
Corella Cacatua pastinator butleri (Schedule 1), and the Peregrine Falcon Falco peregrinus, Baudin's Black 
Cockatoo Calyptorhynchus baudinii and Carnaby's Black Cockatoo Ca!yptorhychus funereus latirostris 
(Schedule 4) (CALM, 1990). Two reptile species of Schedule 4 status, the Woma and the Carpet Python, 
may occur in the area (CALM, 1990). The only scheduled fauna recorded during the current field survey 
was the Carnaby's Black Cockatoo and it is unlikely that the project will have any significant effect on this 
species due to the limited impact on preferred habitats. 

The only significant flora species found during the field survey were the Priority 3 Olax scalariformis and the 
Priority 4 Grevillea olivacea. Both species were present at a single site only and occurred in very low 
densities within the project area. It is therefore unlikely that significant populations of either species will be 
affected by construction of the Coastal Road - Jurien to Green Head. Generally the broad vegetation 
associations present within the project area are widely distributed in the Drummond Subdistrict. 

	

6.2 	Locations of Significance 

Locations of local ecological significance were identified by applying the following criteria; 

Habitats, landforms or vegetation associations poorly represented in the project area. 

Habitats, landforms, vegetation associations or locations supporting features or species of conservation 
or ecological significance. 

Habitats, landforms, vegetation associations or locations with the capacity to support site-specific 
elements. 

Habitats, landforms or vegetation associations in better condition than other similar locations. 

The majority of the project area is free from significant disturbance, however the succulent steppe around 
the most southern playa lakes appears to have suffered considerable impact from gypsum mining operations 
and off-road driving. Similarly, uncontrolled vehide access to coastal fore-dunes has resulted in significant 
impact to these coastal communities. 
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There are some areas of local conservation significance within the project area. Although the samphire 
communities fringing the salt lakes support low numbers of plant species, they are significant because the 
salt tolerant flora that do occur are generally restricted to the fringing habitats surrounding the lakes. Salt 
lakes form summer refuges for several waterbirds (e.g. Mountain Ducks) and are used by resident and 
migratory waders as feeding places. These lakes are also important breeding places for species that utilise 
dense reeds or rushes (e.g. Little Grassbirds) (Burbidge and Fuller, 1989). Despite recognition that the 
lakes between Jurien and Coolimba (north of Green Head) are of high conservation significance (Griffin, 
1992) little has been documented about them. The samphire communities fringing the salt lakes are 
particularly susceptible and slow to recover from disturbance, and as such should be protected from direct 
impact wherever possible. 

The open Calothamnus quadrifidus shrubland (Association 9) appeared restricted to a small lowland area 
north east of Sandy Point, in a narrow extension of Tamala limestone. Within the area surveyed it was the 
least common of all vegetation types and as such has some local significance. Floristically the area was of 
only moderate species richness with one recorded species, Caladenia sp., collected only from this area 
within the current survey. This orchid was identified to genus level only due to the lack of reproductive 
material, however given the absence of any Caladenia species of Prionty status near the projeàt area it is 
unlikely to be of significance. From a faunal habitat perspective the association was characterised by an 
open, tall to moderate height overstorey of Calothamnus quadrifidus shrubs with little shrub understorey 
and profuse small herbs and grasses which may persist longer than elsewhere due to the low and poorly 
drained nature of this association. The area may therefore be of some significance as a food source to 
herbivores in dry conditions. 

Of the sites surveyed, the Banksia woodland and the proteaceous heath of the Jurien System were among 
the most species-rich areas in the project area. The coastal heath was relatively uniform and widely 
represented within the Guilderton System. 

The diverse mallee eucalypt over mixed heath (as at Site 2) is of conservation value on the basis that it 
supports a high number of species and in particular the Priority 4 species Gre vilea olivacea. 
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7.0 	ENViRONMENTAL IMPACT AND MANAGEMENT 

	

7.1 	Route Selection Implications 

The proposed Coastal Road - Jurien to Green Head lies within a region that is diverse in both flora and 
fauna. The region contains many OAF and Priority species of flora, as well as several fauna species of 
conservation significance. However the vast majority of these species occur within the Jurien Vegetation 
System, which forms a relatively small proportion of the overall project area. The majority of the proposed 
Western Alignment of the road lies within the Guilderton System, which is generally less diverse and 
contains fewer designated high conservation value species. In contrast a much greater proportion of the 
proposed Eastern Alignment lies within the Jurien Vegetation System, and consequently there is a much 
greater probability of impact to DRF and Priority flora species. Similarly the majority of the existing route via 
Cockleshell Gully Road traverses the Jurien Vegetation System. 

In general, the biotic communities of the area are in good condition with little indication of degradation other 
than the sensitive samphire communities fringing the salt lakes and some portions of the fore-dunes. The 
principle impacts from construction of the favoured Western Alignment road will be impact to local populations 
of significant flora species, loss of vegetated area, improved access to the sensitive dune vegetation and 
the generation of dust and possibly saline water contamination during road construction. Some previous 
disturbance has occurred over sections of the proposed alignment with the recent construction of an access 
track for the gypsum mine and several other tracks developed over many years to access the beach. The 
impact to the sensitive samphire communities of the alternative Eastern Alignment would be substantially 
greater due to the necessity of traversing the salt lake system. 

While necessitating the removal of vegetation the proposed Coastal Road - Jurien to Green Head represents 
no significant impact to the biota of the area or region. Impact to significant species which occur within the 
area can be avoided and the associations present are generally widely distributed in the surrounding areas 
and the Drummond Subdistrict as a whole. However some specific locations within the project area are 
identified as being of high local conservation value: 

The salt lakes marking the junction between the Quindalup and Spearwood Dune Systems are identified 
as the major habitat of ecological significance. Samphire communities are particularly susceptible to 
and slow to recover from disturbance, and as such should be protected from direct impact wherever 
possible. 

The open Calothamnus quadrifidus shrubland (Association 9) appeared restricted to a small lowland 
area north east of Sandy Point, in a narrow extension of Tamala limestone. Within the area surveyed it 
was the least common of all vegetation types and as such has some local significance. Since it 
occupies such a small area it could be easily avoided by a slight relocation of the alignment either to the 
east or west. 

The Banksia woodland and the proteaceous heath of the Jurien System were among the most species-rich 
areas in the project area. The road alignment should be located beyond this vegetation type as much 
as possible. 

Similarly, the diverse mallee eucalypt over mixed heath (as at Site 2) is of conservation value on the 
basis that it supports a high number of species and in particular the Priority 4 species Grevillea 
olivacea. Again, impact to this area could be minimised by locally shifting the alignment slightly north or 
south. 

Each site requires individual management strategies. Broadly the main objectives are to reduce impacts to 
these areas and the possibility of long-term disturbance, thereby maintaining the integrity of the biological 
communities in the area. Where disturbance is unavoidable management strategies to reduce the impact to 
the communities must be developed in consultation with the Department of Conservation and Land 
Management. 

All associated works such as borrow pits, detours and access roads should be sited after consideration of 
sensitive areas. All attempts should be made to relocate borrow pits which may occur in close proximity of 
these locations. Where possible planned pits should utilise existing pits and areas of disturbance. New pit 
construction should be carried out at a distance from the road to reduce visual impact and rehabilitation 
measures undertaken upon decommissioning. 
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7.2 	Dieback 

Phytophthora cinnamomi and other Phytophthora species are responsible for dramatic changes in native 
vegetation and associated taunal assemblages in southern Australia, with species of Proteaceae, 
Epacridaceae, Myrtaceae, Dilleniaceae, Papilionaceae and Xanthorrhoeaceae being particularly susceptible 
(Hill, 1989). It has been shown that introduction and intensification of Phytophthora cinnamomi disease in 
four National Parks is directly attributable to disturbance of the area caused by road and firebreak construction 
and their subsequent use (Hill, 1989). 

Phytophthora species have only been known to occur in the Northern Sandplains region (i.e. north of 
Moore River) since 1986. Prior to 1986 it was believed that these fungi could not survive in such a harsh 
environment (Petersen, 1992). The only known outbreak of Phytophthora cinnamomi north of Moore River 
was at Eneabba in 1989, and six other species are now known to occur in the northern kwongan (Petersen, 
1992). 

Keighery (1992) attempted to rate the susceptibility of the declared rare flora of the Northern Sandplains to 
Phytophthora cinnamomi, he considered Ban ksia tricuspis highly susceptible and 18 other species potentially 
threatened or in need of further study. Thus despite the sparse current distribution of Phytophthora species 
in the northern kwongan, their potential presence cannot be ignored due to the devastating effects that 
could occur if the fungi become successfully established in large areas. 

Given the proximity of the two National Parks and the high number of species of conservation significance in 
the surrounding area, it is important to minimise the spread of any potential dieback infections. The soil of 
the burrow pit areas should be tested for the presence of Phytophthora species prior to the commencement 
of any earthworks, since infection may be present in latent (chladmydospore) form but not apparent, due to 
the absence of suitable hosts in cleared land, or to unfavourable moisture conditions. A comprehensive 
project specific dieback hygiene management plan should be developed utilising specific dieback knowledge 
for the Northern Sandplains (Freeman et al, 1992). 

	

7.3 	Dust & Watering 

The proposed Coastal Road - Jurien to Green Head is located on an alignment that cuts through the central 
portion of the Beekeepers Reserve and forms the western boundary of the Lesueur National Park. This 
proximity to reserved conservation areas dictates the control of dust generation in order to protect the 
integrity of the reserves. Dust inhibition measures must be undertaken to minimise dust production on site 
and thus ensure no impact to flanking vegetation occurs. 

The use of saline water during road construction should be avoided if possible. If necessary usage must be 
strictly controlled to ensure that no run-off to adjacent vegetation occurs. 

	

7.4 	Conclusions 

By far the most significant environmental impact which may arise from the proposed Coastal Road - Jurien 
to Green Head is the potential for the spread of dieback infection, particularly both from and to the materials 
burrow pits and surrounding areas. The proximity of the project area to the Drovers Cave and Lesueur 
National Parks makes the introduction of dieback into the area of particular significance. The loss of native 
vegetation will be very minimal given the wide representation both within the region and conservation areas. 
No Declared Rare Flora or Fauna species are likely to be significantly impacted by the project. There is 
some potential to aide the dispersal of noxious weeds which are known to be present on pastoral land in the 
area. Management of noxious weeds may be incorporated in the proposed dieback management programme. 
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8.0 	RECOMMENDATIONS 

In order to reduce impact to the biota of the project area, it is recommended that the following measures are 
undertaken: 

Locations in which significant scheduled or priority species occur are not to be disturbed by the 
proposed project. All borrow pits and other works impinging upon these areas must be located 
elsewhere. Previous borrow pits should be used where possible. Where disturbance is unavoidable 
management strategies to reduce the impact to the communities must be developed in consultation with 
the Department of Conservation and Land Management. 

The locations containing plant communities, habitats or landforms identified as possessing conservation 
significance (e.g. salt lakes) are to be avoided. 

Clearing of land will be restricted to the minimum consistent with safe and efficient operations. If a 
choice can be made between siting operations in well vegetated or disturbed habitats, the latter option 
should be selected. 

Dieback control procedures are to be strictly adhered to during construction. 

Strategies are to be developed and implemented to reduce off-road use of the fore-dunes to access the 
coast. 

Disused access tracks, detours, side roads, borrow pits or other works areas are to be closed and 
rehabilitated wherever possible. Procedures to optimise the restoration of the natural communities 
should be utilised. 

The top soil, vegetation and litter layer of all areas to be disturbed are to be stockpiled for later 
rehabilitation programmes. The duration of stockpiling should be minimised to optimise plant seed and 
soil microbe viability. 

Vegetation debris, logs, topsoil and rocks are to be returned to areas which are disturbed and require 
rehabilitation. These substrates assist with rehabilitation by providing seed stores, moisture traps and 
fauna micro-habitats. 

Areas to be rehabilitated are to be ripped, reseeded and replanted using local species. Strategies 
currently recommended for the planning, operation and rehabilitation of borrow pits should be utilised. 

Micro-relief will be provided in all rehabilitated areas to maximise water permeability, maintain soil 
friability and maximise seed lodgement. 

Silt traps are to be installed where necessary to collect run-off and prevent sediment from entering 
drainage systems. 

Dust is to be controlled during construction. The proposed Coastal Road - Jurien to Green Head is 
located on an alignment that cuts through the central portion of the Beekeepers Reserve and forms the 
western boundary of the Lesueur National Park. This proximity to reserved areas dictates the use of 
standard dust inhibition measures in order to protect the flanking vegetation. 

Use of saline water during construction is to be avoided wherever possible. Any usage should be 
strictly controlled to prevent salination of adjacent vegetation. 
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STUDY TEAM 

The Coastal Road - Jurien to Green Head biological assessment described in this document was planned, 
coordinated and executed by; 

ecologia Environmental Consultants 
120 McKenzie St., 
WembleyW.A. 6014 

Project staff: 

G. W. Connell 	BSc. (Hons.) (Zool) 

C. J. Macpherson 	BSc. (Hons.) (Bio./Phys.) 

R. J. Teale . 	BSc. (Zool/Bot) (Hons.) (Zool) 

M. Maier 	 BSc. (Zool/Bot) (Hons.) (Zool) 

M. A. Wells 	Dip. Draft. 

Project manager, Zoologist 

Senior Botanist 

Zoologist 

Botanist 

Drafting 

In addition; 

1 Mr R. Cranfield, and Mr P.G. Wilson CALM W.A. Herbarium, kindly assisted with identification and 
current taxonomic and conservation status for some plant specimens. Ms. Nora Cooper W.A. Museum 
kindly assisted with taxonomic status of Sminthopsis species. 

2. 	Bureau of Meteorology, Perth, supplied the summary climatic data for Jurien. 

PERMITS 

The Coastal Road - Jurien to Green Head biological assessment was carried out under the authorisation of 
the following licences issued by the Department of Conservation and Land Management to, 

G. W. Connell, ecologia Environmental Consultants 

Fauna Survey :"Licence To Take Fauna For Scientific Purposes", Licence No. SF 0001230 
Valid from 17 March 1994 to 31 December 1994 

C.J. Macpherson, ecologia Environmental Consultants 

Flora Survey: "Licence For Scientific Or Other Prescribed Purposes", Licence No.SL 003103. 
Valid from 8 October 1993 to 7 October 1994. 
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APPENDIX A: VASCULAR PLANT SPECIES LIST: COASTAL ROAD - JURIEN TO GREEN HEAD. 

Classification and nomenclature according to Census of Australian Vascular Plants 1990., R.J. Hnatiuk 
Australian Government Publishing Service 

Key: * = introduced species 
t = flora of interest 

FAMILY 
	

SPECIES 

ZAMIACEAE Macrozamia ned/el 

POACEAE Danthonia ?caespitosa 
Lolium sp. 
Poa poiformis 
Spinifex longifolius 
Sporobolus virginicus 

CYPERACEAE Gahnia lanigera 
Gahnia tnifida 
Isolepis nodosa 
Lepidosperma angustatum 
Lepidosperma effusum 
Lepidosperma scabrum 
Mesomelaena pseudostygia 
Schoenus asperocarpus 
Schoenus grandifiorus 
Schoenus Iaevigatus 
Schoenus pedicellatus 

RESTIONACEAE Leptocarpus aristatus 
Leptocarpus roycei 
Leptocarpus tenax 
Lepyrodia sp. 
Loxocarya cinerea 
Loxocarya flexuosa 
Loxocarya sp. B 
Lyginia barbata 

JUNCACEAE Juncus kraussll ssp. australiensis 

DASYPOGONACEAE Acanthocarpus preissii 
Lomandra maritima 

PHORMIACEAE Dianella revoluta 

ANTHERICACEAE Corynotheca micrantha 

HAEMODORACEAE Conostylis candicans ssp. calcicola 

ORCHIDACEAE Caladenia sp. 
Prasophyllum sp. 
Pterostylis aspera 

CASUARINACEAE 	 Allocasuarina humilis 
Aiocasuarina lebmanniana 
Casuarina obesa 
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FAMILY 
	

SPECIES 

PROTEACEAE Adenanthos cygnorurn ssp. cygnorum 
Banksia candolleana 
Banksia prionotes 
Banksia sphaerocarpa var. sphaerocarpa 
Conospermum ?canaliculaturn 
Conospermum stoechadis var. stoechadis 
Dryandra nivea 
Dryandra sessilis 
Dryandra shuttleworthiana 
tOre villea olivacea 
Ore villea thelernanniana ssp. 1 
Gre villea thelemanniana ssp. preissii 
Hakea lissocarpha 
Hakea prostrata 
Hakea trifurcata 
Hakea undulata 
Petrophile brevifolia 
Petrophile macrostachya 
Petrophile serruriae 
Stirlingia latifolia 
Synaphea spinulosa 

SANTALACEAE Anthobolus leptornerioides 
Exocarpos sparteus 
Leptomeria preissiana 
Leptorneria spinosa 
Santa/urn acurninatum 

OLACACEAE Olax benthamiana 
tOlax scalariformis 

LORANTHACEAE Nuytsia floribunda 

POLYGONACEAE Muehienbeckia adpressa 

CHENOPODIACEAE Atriplex amnicola 
A triplex isatidea 
Halosarcia halocnernojdes ssp. halocnemoides 
Halosarcia indica ssp. bidens 
Halosarcia pergranulata ssp. pergranulata 
Rhagodia baccata 
Suaeda australis 
Threlkekfia diffusa 

AIZOACEAE 

RANUNCULACEAE 

LAURACEAE 

Carpobrotus virescens 
Tetragonia decumbens 

C/ematis linearifolia 

Cassytha ?flava 
Cassytha flava 
Cassytha porniforrnis 
Cassytha racemosa 
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FAMILY 	 SPECIES 

BRASS ICACEAE Lepidium linifolium 

DROSERACEAE Drosera ?menziesii 

CRASSULACEAE Crassula colorata 

MIMOSACEAE Acacia cyclops 
Acacia ericifolia 
Acacia lasiocarpa var. lasiocarpa 
Acacia rostellifera 
Acacia truncata 

CAESALPIN IACEAE Labichea cassioides 

PAPILIONACEAE Bossiaea eriocarpa 
Daviesia divaricata 
Gompholobium tomentosum 
Hardenbergia comptoniana 
Hovea stricta 
Jacksonia horrida 
Kennedia sp. 
Nemcia capitatum 
Templetonia retusa 

GERANIACEAE *ErOdium  botrys 
Pelargonium 11fforale 

ZYGOPHYLLACEAE Zygophyllum fruticulosum 

RUTACEAE tDiplolaena leemaniana ms. 

POLYGALACEAE Comesperma integerrImum 

EUPHORBIACEA E Adriana quadripartita 
Beyeria cinerea 
Phyllanthus calycinus 
Ricinocarpus ?velutinus 

SAPINDACEAE Dodonaea aptera 

RHAMNACEAE Cryptandra mutila 
Cryptandra scoparia var. scoparia 
Spyridium globulosum 
Stenanthemum ?pomaderroides 

MALVACEAE Alyogyne hakeifolia 
Lawrencia squamata 

STERCULIACEAE Thomasia cognata 
Thomasia triphylla 

DILLENIACEAE Hibbertia hypericoides 
Hibbertia subvaginata 
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FAMILY 
	

SPECIES 

FRANKEN IACEAE Frankenia pauciflora 

THYMELEACEAE Pimelea argentea 
Pimelea ferruginea 

MYRTACEAE Calothamnus quadrifidus 
Calothamnus sanguineus 
Chamaelaucium uncinatum 
Eremaea asterocarpa ssp. histoclada 
Eremaea pauciiora 
Eucalyptus falcata 
Eucalyptus obtusillora 
Eucalyptus obtusiflora ?hybrid 
Eucalyptus rudis 
Melaleuca ?trichophyl!a 
Melaleuca acerosa 
Melaleuca cardiophylla 
Melaleuca huegelii 
Melaleuca microphylla 
Melaleuca ihaphiophylla 
Melaleuca sp. 
Melaleuca viminea 
Scholtzia leptantha 
Thiyptomene denticulata 

EPACRIDACEAE Acrotriche cordata 
Conostephium preissii 
Leucopogon oxycedrus 
Leucopogon parviflorus 
Lysinema ciliatum 

PRIMULACEAE *Anagalhs  arvensis 
Samolus repens 

APOCYNACEAE Alyxia buxifolia 

CONVOLVULACEAE Wilsonia humilis 

CHLOANTHACEAE Pityrodia bartiingii 
Pityrodia loxocarpa 

LAMIACEAE 1-lemiandra pungens var. glabra 

SOLANACEAE Anthocercis littorea 

SCROPHULARIACEAE *Verbascum  virgatum 

MYOPORACEAE Myoporum apiculatum 

RUBIACEAE Opercularia spermacocea 
Opercularia vaginata 

G000ENIACEAE Lechenaultia linarioides 
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FAMILY 	 SPECIES 

GOODENIACEAE cont. 	 Scaevola canescens 
Scaevola crassifolia 
Scaevola thesioides var. thesioides 

STYLIDIACEAE 	 Stylidium junceum 

ASTERACEAE 	 Angianthus cunninghamii 
Angianthus tomentosus 
tt-Iedypnois rhagadioloides 
Olearia axillaris 
Olearia revoluta 
Olearia rudis 
Podolepis !essonll 
Pogonolepis stricta 
Senecio lautus 
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Appendix B: List of rare and priority flora species which occur within 50 km of 
J urien. 

Declared Rare Flora (DRF) are those flora species protected under the Wildlife Conservation Act (1950). 
Priority Species are those species not designated DRF yet whose conservation status appears to warrant 
some special legal protection. The priority species are maintained on a "Reserve List" and assigned to one 
of several priority categories. 

DRF 	 - 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. 

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

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

Priority Three 	- Poorly Known Taxa. Taxa which are known from several populations, at least 
some of which are not believed to be under immediate threat. 

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

(From Atkins, K.J., Declared Rare and Priority Flora List 28 October 1992, Dept. CALM) 
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Appendix B: Rare & priority flora occurring within 50 km of Jurien 

SPECIES Priority 
Code 

NEAREST COLLECTION 
Location 	Km from Jurien 

Acacia carens ms 1 Cockleshell Gully 17.80 
Acacia clydonophora ms 3 Mt. Lesueur 21.04 
Acacia cummingiana ms 3 Badgingarra 47.56 
Acacia epacantha 3 Mt. Lesueur 21.04 
Acacia forrestiana R Jurien Bay 0 
Acacia pilcata 2 Hill River 7.61 
Acacia retrorsa 2 Mt Lesueur area 21.04 
Acacia wllsonii ms 2 Badgingarra 47.56 
Aiocasuarina ramosissima 3 Mt. Lesueur 21.04 
Andersonia grad/is 2 Nambung 37.03 
Andersonia longifolia 1 Gairdner Range 25.07 
Arnocrinum gracillimum 1 Badgingarra 47.56 
Asterolasia drummondiI R Jurien 0 
Astroloma sp. Cataby 

(EAGriffin 1022) 4 Gairdner Range 25.07 
Astroloma sp. Eneabba 2 Gairdner Range 25.07 
Banksia chamaephyton 4 Coomallo Creek 37.95 
Banksia micrantha 3 Mt. Lesueur 21.04 
Banksia tricuspis R Lesueur 21.04 
Beaufortia eriocephala 3 Mt. Leseuer 21.04 
Catacolea enodis ms 3 Cockleshell Gully 17.80 
Comesperma acerosum 3 Gairdner Range 25.07 
Cryptandra sp. Lesueur 

(AS George 12893) 2 Mt. Lesueur 21.04 
Cryptandra sp. Mt. Benia 

(GJ Keighery 11080) 2 Mt. Lesueur 21.04 
Dampiera tephrea 1 Greenhead 26.52 
Darwinia sanguinea 4 Gairdner Range 25.07 
Daviesia chapmanii ms 2 Mt. Peron 23.30 
Daviesia epiphyllum 3 Gairdner Range 25.07 
Daviesia pteroclada ms 1 Gairdner Range 25.07 
Dryandra speciosa 3 Badgingarra 47.56 
Dryandra sp. 15 (EA Griffin 

3453) [aff. hewardiana] 1 Cowalla Peak 23.97 
Dryandra sp. 46 (AS George 

16866) [aff. sclerophylla ] 1 Warradarge Hill 37.17 
Dryandra sp. Watheroo (RD 

Royce 9625) 2 Badgingarra 47.56 
Eucalyptus absita R Badgingarra 47.56 
Eucalyptus absita x loxophleba 1 Badgingarra 47.56 
Eucalyptus argutifolia R Jurien 0 
Eucalyptus balanites R Badgingarra 47.56 
Eucalyptus crispata R Jurien 0 
Eucalyptus macrocarpa 

subsp. elachanta ms 3 Badgingarra 47.56 
Eucalyptus pendons 4 Mt. Benia 24.46 
Eucalyptus suberea R Jurien 0 
Eucalyptus zopheroph!oia ms 4 t lllawong 66.34 

t Although greater than 50 km distant, Illawong is a coastal town within Guilderton System 
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Appendix B: cont. 

SPECIES Priority 
Code 

NEAREST COLLECTION 
Location 	Km from Jurien 

Eucalyptus sp. Lesueur (EA 
Griffin 2481) [aft. haematoxylon] 1 Mt. Lesueur 21.04 

Gompholobium sp. Gairdner Range (EA 
Griffin 2306) [aff. polymorphum] 1 Gairdner Range 25.07 

Goodenia xa.nthotricha 1 Hill River 7.61 
Grevillea acrobotrya ssp. uniformis 3 Mt. Lesueur 21.04 
Grevillea batrachioides R Mt. Lesueur 21.04 
Grevillea curviloba 1 Badgingarra 47.56 
Grevillea integrifolia ssp. Eneabba 

(P. Olde 91/103) 2 Coolimba 47.93 
Grevillea olivacea 4 Drovers Cave 11.33 
Grevillea rudis 4 Badgingarra 47.56 
Grevillea saccata R Hill River 7.61 
Grevillea sp. Eragilga 

(P. Olde 9196) [aft. preissli] 1 Jurien 0 
Grevillea thelemanniana ssp. delta 1 Mt. Lesueur 21.04 
Grevillea uncinulata ssp. florida 3 Coomallo Creek 37.95 
Guichenotia pal/ida 2 Cockleshell Gully 17.80 
Haemodorum loratum 3 Cockleshell Gully 17.80 
Hakea longifiora 2 Mt. Lesueur 21.04 
Hakea megalosperma R Gairdner Range 25.07 
Hakea neurophylla 4 Gairdner Range 25.07 
Hakea spathulata 3 Mt. Lesueur 21.04 
Hemigenia curvifolia 2 Gairdner Range 25.07 
Hensmania stoniella 2 Cervantes 22.25 
Hypocalymma tetrapterum 2 Jurien Bay 0 
Hypocalymma xanthopetalum 2 Gairdner Range 25.07 
Hypocalymma sp. Badgingarra (GJ 

Keighery 4595) [aff. angustifolium 1 2 Badgingarra N.P. 47.56 
Hypocalymma sp. Lesueur (EA 

Griffin 1972) [aft. ericifolium] 1 Mt. Lesueur 21.04 
Isopogon drummondii 1 Cockleshell Gully 17.80 
Jackson/a carduacea 3 Badgingarra 47.56 
Lasiopetalum lineare 3 Cervantes 22.25 
Lasiopetalum sp. Hill River (TN Stoate 

s.n.) [aft. membranaceum] 1 Hill River 7.61 
Lepidium puberulum 4 Boullanger Island 3.80 
Lepidobolus quadratus ms 3 Gairdner Range 25.07 
Leucopogon plumuliflorus 1 Gairdner Range 25.07 
Loxocarya elongata ms 3 Mt. Lesueur 21.04 
Macarthuria apetala 2 Jurien 0 
Myriocephalus suifruticosus 1 Badgingarra 47.56 
Nemciaaxillaris 2 Mt. Lesueur 21.04 
0/ax scalariformis 3 Gairdner Range 25.07 
Paracalaena dixonii ms 2 Coomallo Creek 37.95 
Patersonia argyrea 1 Mt. Lesueur 21.04 
Patersonia spirafolia 2 Badgingarra 47.56 
Persoonia rudis 3 Jurien 0 
Persoonia sp. Eneabba (EA Griffin 795) 2 Mt. Lesueur 21.04 
Petrophile biternata 3 Jurien 0 
Phlebocarya pilosissima ssp. pilosissima 3 Jurien 0 

ecologia 



Appendix B: cont. 

40 

SPECIES 

Phlebocarya pilosissima ssp. teretifolia 
Platysace dissecta 
Restio chaunocoleus 
Restio gigas ms 
Restio stenandra ms 
Schoenus sp. Warradarge (EA Griffin 

3842) [aft. indutus] 
Spirogardnera rubescens 
Stachystemon axIllaris 
Styildium aeonioides 
Stylidium diuroides ssp. paucifoliatum 
Stylidium inversiflorum 
Stylidium nonscandens 
Tetratheca remota 
Thelymitra stellata 
Thelymitra variegata var. apiculata 
Thysanotus anceps 
Thysanotus vernalis 
Thysanotus sp. Badging arra 

(EA Griffin 2511) [aft. sparteus] 
Tricoiyne robusta ms; 
Trymalium sp. Lesueur 

(EA Griffin 2234) [aft. wichurea] 
Verticordia amphigia 
Verticordia argentea 
Waitheranthus erectus 
Xanthosia tomentosa. 

	

Priority 	 NEAREST COLLECTION 

	

Code 	 Location 	Km from Jurien 

1 	 Gairdner Range 25.07 
x 	 Betw. Moore & Murchison Rivers 
2 	 Badgingarra 47.56 
3 	 Warradarge Hill 37.17 
1 	 Mt. Lesueur 21.04 

2 	 Warradarge Hill 37.17 
R 	 Eneabba - Bindoon 
4 	 Mt. Lesueur 21.04 
2 	 Mt. Lesueur 21.04 
1 	 Mt. Lesueur 21.04 
4 	 Gairdner Range 25.07 
2 	 Coomallo Creek 37.95 
1 	 Mt. Lesueur 21.04 
R 	 Jurien 0 
4 	 Gairdner Range 25.07 
2 	 Mt. Lesueur 21.04 
1 	 Gairdner Range 25.07 

2 	 Cockleshell Gully 17.80 
2 	 Jurien 0 

4 	 Hill River 7.61 
3 	 Cockleshell Gully 17.80 
1 	 Hill river 7.61 
3 	 Cockleshell Gully 17.80 
1 	 Gairdner Range 25.07 
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Allocasuarina 

UUU••R•UR••U•UD••UUBU••U•• _________ 

!Banksiacandolleana MENEM M MEN= MEN 

________________________•UU•UU••UU••UCarpobrotus ••UUUUS•UUU••UU•UU••___ MI 

Cassytha ____________I1UUUUUUUUUUUUUEIIIUIIU•flg __ 



APPENDIX C: Flora Species by Survey Site. 

_
aviesia 

_
ivaricata

__________UUIIHRU•UR•••RUUD..IIU..U.UU..... 
Dianella revoluta ME MEN MEN m m ENE ME m 

Dryandra shuttleworthiana OMEN MENNEN ME m ME EM 

NO ME MEN Em NEE MEMNON 
Eucalyptus obtusiflora ?hybfid EMENOMMENEME MENEM MEN m MEMO NEENS Eucalyptus 

re 

IN 



APPENDIX C: Flora Species by Survey Site. 

Lawrencia U••••UU••RUU•U•••U•U••USU••• 

Leif,  1 41 .1 JIiirrth'Ii'iu 
Lepidosperma 	VIII ___ 

MEMEEMEMEM ME 
Leptocarpus roycei 

IN MENNEN= 
IN  

Leptomeria spinosa MENEM MINMEM 

MEN Leucopogon parviflorus M u••ii ••••e•u 
sp.  MEEMEMEM  Loliu

__ _____________ uuu. ••••••••• __
andra 

_____________ ___________•.•ci•a••uuuuuuuuuu uuu..•uiiuuu•*u• __________ •a•u••e••••u••  ...au•um•••• EM 
________________UUUUUUUAh1UUUUHUUORUUFJUFJUUUUIJfl 

ciliatum 

Melafa  1sr*a7Ii 
________________UUUUUEI•UEIUUBUUUUU•UU•UUUaIIUUUUmU•• 

Myoporum  



APPENDIX C: Flora Species by Survey Site. 

____________•••u•u••auu••uuu•u••uuu•••u••euuurn 
r.jriir 
• 

Opercularia'vaginata 
Pelargonium 

___________•.u•u..••m•..•u.•..••••••••••• _
etrophile 

_
acrostachya _____________•••••••••••fl•••••••••••• 

E11•'L 

Pterostylis ____________••uii••un•uueiw•uuuu•uu•u••u• 
______________________u•uu•••u•• uuuu•uuuiiuuu•uuu • •••••••• • ••fl••••U•••••••••• ________ __•••.ii•.•u..• ••••mu•u•••uu••u•u• 

1r.I*1, I 

ME 
MEMEMEMEMEMEMMEMMEMOMM 

~Se—necio lautus M 
mom 

m MUMMEMMUMMUMMEMOM 

_ 	___ 	_____•••UU••II•H•
NEM11m NO 

 

IMEMEMEMEMEMEM 

M
_ 

M 	r.f777Th* r 
UU• U•U•UEI•U••••UU•• __ 



APPENDIX C: Flora Species by Survey Site. 

90TI7ffI7!, •••••••••U•U••••U•••••U•••U 

1T.xji __ 

1?M1ThJ!il I1UUII•UU•••UU•U•UUU•U•••••U•UUU 
Ju(J,rZjlJ7flf ___ 

OMEN MEMO 



APPENDIX D 

Coastal Road - 
Jurien to Green Head 
Project Area 
Vegetation Association Maps, 
SYSTAT and TWINSPAN 
Analyses 

47 

ecologia 



Point 
Louise 

GREEN HEAD 

r.. 

A 

-------------- -I 

Scale 1:25,000 

I ' 
GREE 
HEAD 

I 	I 	I 
I fI D3 I 
I , 	 I 	5km 
I 	* 	 I 

1 '4 
I 	\ii 

I_ 

LJURJIEN ~~DS 

MAP INDEX 

Dense Me/aleuca /Acacic rosteiifera thickets 

Moderate height Mela/euco heath 

Low Me/a/eucaacerasa/Acacia lasiocarpo heath 

I. 	.1 Sparse low M ocerosa /A. lasiocarpa with scattered A. rosteiifero overstorey 

Detailed flora survey site 

Detailed flora and fauna survey site. 

PROPOSED ROAD ALIGNMENTS 

Western 

Southern access road o Greenhead 

Existing road 

APPENDIX Dl: VEGETATION ASSOCIATIONS 



/,/.• 25;.. 

HE 

F 

\ID2 

u

I E A VD \% 

.V//&l• 	 t%.I 	 ill 
IvD3 	5km 

////A • • D4 
0 	 1km 

Scale 1:25,000 	 '\ 

	

\ 	
JURIEN 	D5 

C 
.i.V/A... MAP INDEX .• . 

Samphire communities 

	

( 	 •:. 	 _____ Dense 
Mela/euco/Acociarosfeiifera thickets 

:::. 	 _____ Moderate height Mela/euca heath 

. 	• 	 f 
Low Me/oleuca aceroso/Acacia losiocarpa heath 

: :• 

	

	
Sparse low M. ocerosa/A. /aSiOCCrpo with scattered A.rosteiifero overstorey 

Moderate height dense Acaciacyc/ops over low heath 

Tall dense Aiocasucrina lebmannianc shrubland 

Detailed flora survey site 
17 

PROPOSED ROAD ALIGNMENTS 

.. 	
Western 

• 	 - 	Eastern 
......... I.. 

. •A. 	 ___________ Existing road 

I 
I ::i...%..:: • 

...'. '.'. 	 APPENDIX 02: VEGETATION ASSOCIATIONS 
.. 
..I 

....' i..'.' 
%l• • • 

••&• 

( 	 ..."k.. ' 
• It . A 

( 	 ::•:'o\.:.:1°\•. 
S • 	• 	• 

• O 	 - 

.0 18  : fr0 J//a  
•• 	_.. -_____ 	 ecologia 



Sandy 
Point 

is 
1Ill S 	

s.--.,-  ) 

l.... 	•.••••.•. 

.'kH'. 
Is 	'o 

PLAYA 

..'% LAKE 

S •t%S•I • 1•  

41 

S.  •• ••"••::::: 
_ 
___•1•• 

:a 	::J 	\ .:.. 	. . i,.  

PL AVA 

LAKE 

Sand/and 
is/and 

MOBILE 
DUNES 

A 

0 	 1km 
I 	 I 

Scale 1:25,000 

ED Low Me/c/euccccerosc/Acccici/asiocarpc heath 

Sparse low Macerosa/A. lasiocorpa with scattered A. rosteiifera overstorey 

10  0 0 1 Eucalyptus obtusif/ora over mixed shrubs 

Samphire communities 

11111111111 
Ca/ot/icmnus quodrificus shrubland 

Moderate height dense Acacic cyclops over low heath 

I I 
Moderate height dense Melaleuco/Aiocosuarina heath 

Tall dense Aiocasuor/na lebrnanniana shrubland 

Dune vegetation 

Detailed flora survey site 

III 	Detailed flora and fauna survey site 

PROPOSED ROAD ALIGNMENTS 

Western 

- 	Eastern 

Sandy Point access roads 

APPENDIX D3: VEGETATION ASSOCIATIONS 

GREEN 
WHEAD 

\LD2 

5km 
t ' 

D4 
I 

JURIEN 	D5 

MAP INDEX 

- 

ecologia 



. .%.I.. T 	 ••.... 	I 	-, 
: 	I't ' '' 	_______ 9 

Di 

	

X 	 [.REEN 

\

5km N 	

1km 

 

14 	 Scale 1.25,000 	 \ 

JURIENV 5  

NORTH HEAD 	 _____________ 	
MAP INDEX 

JUIEN 

Dense MeIc/euco/Acocicrosteiifera thickets 

Low Melo/euco oceroso/Acocia lasiocarpa heath 	
\ .t • X • 

SparselowM.aceroso/A./cisiocarpa with scattered A.rosteiifero overstorey 	
: 

____ 	 xr5... X• • x 
I 	I Moderate height dense /ile/a/euca/A//ocasuarina heath 	 . . . . 	. . 	. 

• 	..l'T. 	X x 	• 
•. . S  

I 

	

	x F7

Proteaceous shrubland /woodland (Jurien System) 	 ; L 	
••• X 	••. 	x 

Dryandra sessi/is scrub heath 	 •'j :I 
X 
•• •• •x 

Detailed flora survey site 	 :t: 
X 	

• :• 

Detailed flora and fauna survey site 	
\ 	

,J?) . 	
• •: • • : i.• 

PROPOSED ROAD ALIGNMENTS 	 X 	 9A . 	 x 0  16' 

Western 5 	
. •\\• r I •1.' 

0' •,• ?-cc ,:i..'ç-' • 
Eastern 	

\ 	 ..: I ;: 	.:•:'• 
Sandy Point access roads  

- 	 ' 0..':::\.. .yt 
Existing road 	 '• •• 	• • 	• • 	•• •. x 

, : X 

 

0 : . 

 
X 

\ 	
i •:• :• ' 	( ?)i )•. • • •• I 

t 	
. 7..* 

APPENDIX D4: VEGETATION ASSOCIATIONS X .  

	

••J.%4/ 9• '.,. 	 ecologia 



i•t• \ x,) • 	•/. \,"l /\ 	/\ / 
S • '. 	 e,1qA 	, 	, \, 

t.'....  
•••.. 

 

of. 	• 

\ '•% 	

___________ 

\ID2 

JUR1EN 	
/ 	 •#';. t 	 II 	

ilsv 

t 	5km 

I 
BAY 	 .i':::: l 

/0 
	 1km  

I . 	 Scale 1:25,000 

••••• 
X. 	 JURlENIJ I 

......%x X. 	 .i 	 MAPINDEX 
..... .......:j.. • .............. • •. 

. 

J URIEN 	 - 	
'• 	 Low Mela/eucaccerosa/Acacic /asiocarpa heath 

_______ 	 • • 	 • • 	Sparse low M. acerosalA. lasiocarpa with scattered 
1 	A. rosfellifera overstorey 

0 	 t• .• 	 K)x1 Proteaceous shr.ubland/woodland (Jurien System) 

I x 	Dryandra sessi/is scrub heath 

Detailed flora survey site 

I
.El 	Detailed flora and fauna. survey site 

PROPOSED ROAD AL!GNMENTS 

Western 
I 

- 	Eastern 
Ultimate alignment Jurien Cervantes 

I., ....... 
Existing road 

to 

15 .  

 11. 

I........ •  

APPENDIX D5: VEGETATION ASSOCIATIONS 

gia 



r9 
Melaleuca /Allocasuarina I 

scrub heaths. 	 14 
L 5  

- 22 

27 

4 

12 

6 

24 

1 

23 

31 
Coastal heath. 	- 

28 

30 

13 

29 

26 

20 

15 

21 

10 

- 18 
Diyandra sessilis 11  scrub heath 

Proteaceous j 16 
shrubland/woodland L 

53 

-1.000 	 DISSIMILARITY 	 1.000 

Samphire 711 

c ommunities. 

Fore dune 19 
vegetation 33 

8 

Dense Acacia rostellifera / 32 	 1 Melakua cardiophylla 
thickets. 25 

17 1 
Eucalyptus obtusiflora - 

2 over mixed heath. 

APPENDIX D6: SYSTAT ANALYSIS OF VEGETATION LINKAGES 



C;' 

APPENDIX D7: TWINSPAN ANALYSIS OF VEGETATION LINKAGES 

I 
3 16 	6 22 26 27 29 1 4 10 12 13 15 18 2123 24 28 30 31 2 11 17 25 	5 9 14 32 8 
LJ 	 l 	ILrJ 

Proteaceous 	 I 	 Melaleuca lAllocasuarina 

I 	

IJL-{-j 

over mixed heath. J shrublandiwoodland 	
Eucalyptus obtusiflora 	 scrub heaths. 

Diyandra sessilis 	Dense Acacia rostellifera / 

	

20 19 33 
	

71 7ff 
LrJ 
	

LrJ 

	

Dune 	Samphire 
vegetation. 	communities. 



APPENDIX E 

Coastal Road - 
Jurien to Green Head 
Project Area 
Site Descriptions 

55 

ecologia 



56 

APPENDIX E: SUMMARY OF VEGETATION SITE DESCRIPTIONS OF THE COASTAL ROAD - JURIEN 
TO GREEN HEAD PROJECT AREA. 

Listed below are descriptions of vegetation sites including data on Iandforms, topography, drainage 
and soils. Vegetation types are separated by structure and life form into broad dasses based on 
Muir's (1977) notation. 

Site 1: 	 Acacia IasiocarpwMelaleuca acerosa low heath with patches of 
Acacia rostellifera scrub 

Date: 27-6-94 
Topography: Plain 
Slope: Flat 
Soil: Medium-grey very sandy loam 
Drainage: Moderate 
Leaf Litter: 10-30%; 2cm under shrubs 
Wood Litter: 
Comments: —60cm heath; photos 21 & 22 

Shrubs >2 m 	10-20 %: Acacia rostellifera 

Shrubs 1-2 m 	10-20 %: Acacia rostellifera, Leptomeria preissiana, Melaleuca cardiophylla, 
Melaleuca huegelii, Santalum acuminatum 

Shrubs 0.5-1 m 70 %: 	Acacia lasiocarpa var. lasiocarpa, Leptomeria preissiana, Melaleuca 
acerosa, Leucopogon oxycedrus, Melaleuca cardiophylla, Pimelea 
ferruginea, Santalum acuminatum 

Shrubs 0-0.5 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Cryptandra mutila, Gompholobium 
tomentosum, Leucopogon oxycedrus, Melaleuca acerosa, Nemcia 
capitatum, Santalum acuminatum, Stenanthemum ?pomaderroides 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Loxocarya flexuosa, Loxocarya sp. B 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis, Drosera ?menziesii, Senecio lautus 

Site 2: 	 Dense Acacia rostellifera thicket with open mallee eucalypts 
(mainly E. obwsiflora) over dense heath. 

Date: 24-6-94 
Topography: Plain 
Slope: Flat 
Soil: Dark grey sandy loam, rich in organic matter 
Drainage: Good 
Leaf Litter: 30-70%, —1cm under shrubs, up to 5cm under mallees 
Wood Litter: 2-10% 
Disturbance: None evident (other than access roads) 
Comments: Very patchy distribution of shrub species. A specimen of Eucalyptus 

obtusiflora from this site has more strongly ribbed fruit than other 
specimens collected; probably a hybrid of Eucalyptus obtusiiora. 

Trees <5 m 	10-30 %: Eucalyptus falcata (-2%), Eucalyptus obtusifiora (-15%), Eucalyptus 
obtusiflora ?hybrid (-2%) 
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Shrubs >2 m 2-10 %: 	Acacia rostellifera 

Shrubs 1-2 m 10-30 %: 	Acacia ericifolia, Acacia rostel/ifera, Acacia truncata, Dodonaea aptera, 
Dryandra sessilis, Grew/lea olivacea, Melaleuca acerosa, Melaleuca 
cardIophyi!a, Melaleuca huegelii, Olearia revoluta, Thryptomene 
denticulata 

Shrubs 0.5-1 m 70 %: 	Acacia ericifolia, Acacia lasiocarpa var. lasiocarpa, Acacia truncata, 
Alyogyne hakeifolia, Alyxia buxifolia, Bossiaea eriocarpa, Calothamnus 
quadrifidus, Diplolaena leemaniana ms., Dodonaea aptera, Gre villea 
olivacea, Gre villea thelemanniana ssp. 2, Jacksonia horrida, 
Leptomeria preissiana, Leucopogon oxycedrus, Melaleuca 
cardiophylla, Olearia revoluta, Thryptomene denticulata 

Shrubs 0-0.5 m 2-10 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii, Bossiaea 
eriocarpa, Ciyptandra mutila, Dryandra nivea, Diyandra sessilis, 
Gre villea thelemanniana ssp. preissli, Hibbertia subvagInata, 
Opercularia spermacocea, Thomasia triphylla, Thryptomene 
denticulata 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	0-2 %: 	Lolium sp. 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis, Drosera ?menziesi, Hardenbergia comptoniana 

Site 3: 	 Open to moderately dense Banksia prionotes low woodland over 
dense heath. 

Date: 25-6-94 
Topography: Plain 
Slope: Flat 
Soil: Light-grey sandy loam 
Drainage: Moderate 
Leaf Litter: 10-30% 
Wood Litter: 2-10% 
Disturbance: Signs of rabbit activity 
Comments: 

Trees <5 m 	10-20 %: Banksia prionotes 

Shrubs >2 m 	0-2 %: Anthocercis /ittorea 

Shrubs 1-2 m 	2-10 %: Acacia 	cyclops, 	Al/ocasuarina 	humills, 	Anthocercis 	littorea, 
Calothamnus quadrifidus, Eremaea pauciiora, Melaleuca acerosa, 
Scholtzia leptantha 

Shrubs 0.5-1 m 30-70 %: 	Acacia cyclops, Chamaelaucium uncinatum, Conospermum 
stoechadisvar. stoechadis, Conostephium preissii Daviesia diva ricata, 
Gre villea thelemanniana ssp. preissii, Macrozamia riedlei, Melaleuca 
acerosa, Olearia rudis, Petrophi/e macrostachya, Scholtzia leptantha 

Shrubs 0-0.5 m 2-10 %: 	Acacia lasiocarpa var. lasiocarpa, Carpobrotus virescens, 
Conospermum ?canallculatum, Dryandra nivea, Hibbertia 
hypericoides, Lechenaultia linarioides, Melaleuca acerosa, 
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Sedges etc. 	2-10 %: 

HerbsiCreepers 2-10 %: 

Grasses 	0-2 %: 

Opercularia spermacocea, Petrophile brevifolia 

Conostylis candicans ssp. calcicola, Lepidosperma scabrum, 
Loxocarya flexuosa, Loxocarya sp. B, Mesomelaena pseudostygia, 
Schoenus grandiflorus 

Corynotheca micra ntha, Hedypnois rhagadioIoides" Scaevola 
canescens 

Danthonia ?caespitosa 

Site 4: 	 Low Acacia lasiocarpa /Melaleuca acerosa heath 

Date: 23-6-94 
Topography: Plain 
Slope: Flat to very gentle 
Soil: Grey with a lot of shell grit 
Drainage: Good 
Leaf Litter: 50%, <0.5 cm 
Wood Litter: Negligible 
Disturbance: None except for access track 
Comments: An area which seems to have suffered particularly from summer 

drought - obvious patches of dead vegetation. 	Very homogeneous 
with small pockets of shrubs > 0.8m tall. 

Shrubs >2 m 0-2 %: 	Acacia rostellifera, Anthocercis littorea 

Shrubs 1-2 m 0-2 %: 	Alyogyne hakeifolia, Anthocercis littorea, Olearia axillaris, Santa/urn 
acuminatum, Spyridium globulosum 

Shrubs 0.5-1 m 30-70 %: 	Exocarpos sparteus, Melaleuca acerosa, Santa/urn acuminaturn 

Shrubs 0-0.5 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Beyeria cinerea, Melaleuca acerosa, 
Opercvlaria sperrnacocea, Stenanthemum ?pomaderroides 

Sedges etc. 	10-30 %: 	Lepidosperma angustatum, Lornandra maritima, Loxocarya flexuosa, 
Loxocarya sp. B 

Grasses 	0-2 %: 	Danthonia ?caespitosa 

HerbsCreepers 2-10 %: 	Cassytha flava, Clematis linearifolia, Erodium botrys* 

Site 5: 	 Open Allocasuarina IehmannianalAcacia rostellifera shrubland. 

Date: 24-6-94 
Topography: Plain 
Slope: Flat to gentle 
Soil: Fine white/grey sand with limestone fragments, some areas with 

limestone plates on surface 
Drainage: Poor to moderate 
Leaf Litter: 30%; localised under tall shrubs, up to 1 cm deep under Acacia 

rostellifera 
Wood Litter: Moderate 
Disturbance: None evident other than track 
Comments: 
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Trees <5 m 	2-10 %: 	Allocasuarina Iehmanniana 

Shrubs >2 m 2-10 %: 	Acacia rostellifera, Allocasuarina Iehmanniana 

Shrubs 1-2 m 10-30 %: 	Acacia rostelilfera, Allocasuarina !ehmanniana, Hibbertia subvaginata, 
Melaleuca huegelii, Santalum acuminatum, Spyridium globulosum, 
Thomasia triphylla 

Shrubs 0.5-1 m 2-10 %: 	Allocasuarina Iehmanniana, Leptomeria preissiana, Leucopogon 
oxycedrus, Melaleuca acerosa, Melaleuca huegelii, Santalum 
acuminatum, Scaevola crassifolia, SpyrIdium globulosum 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Acacia truncata, Acanthocarpus 
preissii, Acrotriche cordata, Hemiandra pungens var. glabra, Hibbertia 
subvaginata, Leptomeria preissiana, Leptomeria spinosa, Leucopogon 
oxycedrus, Leucopogon parviflorus, Lysinema ciliatum, Olax 
benthamiana, Olearia revoluta, Rhagodia baccata, Stenanthemum 
?pomaderroides, Templetonia retusa 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Gahnia lanigera, Lepidosperma 
effusum, Loxocarya flexuosa, Loxocarya sp. B, Schoenus Iaevigatus 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis, Cassytha racemosa, Clematis linearifolia, 
Drosera ?menziesi Hardenbergia comptoniana, Opercularia vaginata 

Site 6: 	 Acacia lasiocarpa / Melaleuca acerosa low heath with scattered 
Acacia rostellifera 

Date: 24-6-94 
Topography: Dune slope 
Slope: Gentle 
Soil: Dark grey sandy loam 
Drainage: Moderate 
Leaf Litter: 10-30 % 
Wood Litter: 0-20/6 

Disturbance: Nil 
Comments: 

Shrubs >2 m 0-2 %: 	Acacia rostellifera 

Shrubs 1-2 m 0-2 %: 	Anthocercis littorea 

Shrubs 0.5-1 m 70-100 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii, Adriana 
quadripartita, Melaleuca acerosa, Scaevoia thesioides var. thesioides 

Shrubs 0-0.5 m 10-30 %: 	Acanthocarpus preissii, Opercularia spermacocea, Phyllanthus 
calycinus, Stenanthemum ?pomaderroides 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Dianella revoluta, Lepidosperma 
angustatum, Loxocarya flexuosa, Loxocaiya sp. B, Schoenus 
asperocarpus 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 0-2 %: 	Cassytha flava, Clematis linearifolia, Drosera ?menziesii, 
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Hardenbergia comptoniana, Opercularia vaginafa, Podolepis !essonhi 

Site 7: 	 Samphire community on claypan fringing lake 

Date: 24-6-94 
Topography: Plain 
Slope: Flat 
Soil: Pale grey fine sandy clay; saline 
Drainage: Poor 
Leaf Litter: 2-10% 
Wood Litter: 0-2 % 
Disturbance: Wheel-marks (both truck and car); rubbish 
Comments: Species poor. Low samphire community dominates near lake or on 

low ground. 

Shrubs 0.5-1 m 2-10 %: Frankenia pauciflora, Halosarcia halocnemoides ssp. halocnemoides, 
Halosarcia indica ssp. bidens 

Shrubs 0-0.5 m 70-100 %: 	Frankenia paucifiora, Halosarcia halocnemoides ssp. halocnemoides, 
Halosarcia indica ssp. bidens, Samolus repens, Suaeda australis 

HerbsiCreepers 10-30 %: 	Angianthus lomentosus, Wilsonia humilis 

Grasses 	0-2 %: 	Sporobolus virginicus 

Sedges etc. 	30 %: 	Gahnia trifida, Juncus kraussii ssp. australiensis 

Site 8: 	 Dense tall Acacia rostellifera/Melaleuca cardiophyllalDodonaea 
aptera thicket. 

Date: 25-6-94 
Topography: Plain 
Slope: Flat 
Soil: Dark grey sandy loam, high in organic matter. 	Limestone rocks at 

surface. 
Drainage: Moderate 
Leaf Litter: >70%; —2 cm deep continuous cover. 
Wood Litter: Plentiful - 10 - 30% 
Disturbance: Nil 
Comments: Very species poor. Negligible herb/grass cover. Quite uniform stand 

of Acacia rostellifera / Melaleuca cardiophylla / Dodonaea aptera 

Shrubs >2 m 30-70 %: 	Acacia rostellifera, Melaleuca huegelii, Scaévola crassifolia 

Shrubs 1-2 m 10-30 %: 	Acacia rostellifera, Dodonaea aptera, Melaleuca cardiophylla, 
Melaleuca huegelii, Scaevola crassifolla, Rhagodia baccata 

Shrubs 0.5-1 m 30-70 %: 	Dodonaea aptera, Melaleuca cardiophylla, Scaevo!a crassifolia, 

Shrubs 0-0.5 m 0-2 %: 	Melaleuca cardiophylla 

HerbsiCreepers 0-2 %: 	Cassytha ?flava, Comesperma integen'imum, Muehienbeckia 
adpressa 
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Site 9: 	 Allocasuarina lehmanniana scrub-heath with scattered Acacia 
rostellifera tall shrubs 

Date: 25-6-94 
Topography: Plain 
Slope: Flat 
Soil: White sand - low in organic matter 
Drainage: Good 
Leaf Litter: 10-30% 
Wood Litter: Plentiful - 10-30% 
Disturbance: Nil (except access tracks) 
Comments: Many dead tall shrubs (>2 m) - cover would have been 2-10% if 

living. 

Shrubs >2 m 0-2 %: 	Acacia rostellifera 

Shrubs 1-2 m 10-30 %: 	Acacia rostellifera, Acacia truncata, Aiocasuarina lehmanniana, 
Melaleuca acerosa, Melleuca cardiophylla, Melaleuca huegelii, 
Rhagodia baccata, Santalum acuminatum 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Acacia truncata, Aiocasuarina 
lehmanniana, Leucopogon oxycedrus, Leucopogon parviflorus, 
Melaleuca acerosa, Melaleuca huegelii, Olearia axillaris, Rhagodia 
baccata, Santalum acuminatum, Spyridium globulosum, Templetonia 
retusa 

Shrubs 0-0.5 m 2-10 %: 	Acacia lasiocarpa var. lasiocarpa Acacia truncata, Acrotriche cordata, 
Beyeria cinerea, Leptomeria spinosa, Santa/urn acuminatum, 
Templetonia retusa 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lomandra maritima, Loxocarya 
flexuosa, Loxocarya sp. B 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 2-10 %: 	Cassytha pomiformis 

Site 10: 	 Mixed Melaleuca acerosa heath. 

Date: 25-6-94 
Topography: Plain 
Slope: Flat 
Soil: Dark grey sandy loam 
Drainage: Moderate 
Leaf Litter: 2-10% 
Wood Litter: 0-2% 
Disturbance: Nil 
Comments: Much of sedge class appears dead or dried off; much of heath is also 

dry. 

Shrubs 1-2 m 10-30 %: 	Dryandra sessills, Melaleuca huegelii, Templetonia retusa 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Melaleuca acerosa, Melaleuca 
huege!ii Templetonia retusa 

Shrubs 0-0.5 m 10-30 %: 	Beyeria cinerea, Melaleuca acerosa, Scaevola thesioides var. 
thesioides, Stenanthernum ?pornaderroides 
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Sedges etc. 	10-30 %: 	Conosfylis candicans ssp. calcicola, Lepidosperma angustatum, 
Lomandra maritima, Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	0-2 %: 	Lolium sp. 

HerbsiCreepers 0-2 %: 	Cassyiha pomiformis, Opercularia vaginata 

Site 11: 	 Mixed Melaleuca acerosa heath. 

Date: 26-6-94 
Topography: Low hill top 
Slope: Flat 
Soil: Dark sandy loam; high in organic matter, with limestone rocks at 

surface. 
Drainage: Moderate to good 
Leaf Litter: >70 % - shallow (<1 cm) continuous surface layer. 
Wood Litter: 0-2% 
Disturbance: Nil 
Comments: 2-10% of dead shrubs in 1-2 m class. 

Shrubs 1-2 m 10-30 %: 	Acacia truncata, Dryandra sessilis, Olearia revoluta 

Shrubs 0.5-1 m 70-100 %: 	Acacia truncata, Aiocasuarina !ehmanniana, Diyandra sessilis, Hakea 
undulata, Hibbertia subvaginata, Leucopogon parvifiorus, Melaleuca 
acerosa, Petrophile serruriae, Rhagodia baccata, Tempietonia retusa 

Shrubs 0-0.5 m 10-30 %: 	Beyeria cinerea, Dryandra sessilis, Hakea lissocarpha, Hibbertia 
subvaginata, Melaleuca acerosa, Nemcia capitatum, Spyridium 
globulosum, Templetonia retusa 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Lomandra maritima, Loxocarya cinerea, Loxocarya flexuosa, 
Loxocarya sp. B 

HerbsiCreepers 0-2 %: 	Cassytha ?flava, Pterostylis aspera 

Site 12: 	 Acacia lasiocarpa/Melaleuca acerosa low heath. 

Date: 26-6-94 
Topography: Plain 
Slope: Rat 
Soil: Dark grey sandy loam 
Drainage: Moderate 
Leaf Litter: 10-30% 
Wood Litter: 0-2 % 
Disturbance: Nil except MRWA IPP posts 
Comments: 

Shrubs 1-2 m 2-10 %: 	Acacia rostellifera, Melaleuca acerosa 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa Melaleuca acerosa 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Cryptandra mutila, Opercularia 
spermacocea 
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Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Lomandra maritima, Loxocarya flexuosa, Loxocarya sp. B 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis, Drosera ?menziesii 

Site 13: 	 Mixed Melaleuca acerosa scrub-heath. 

Date: 26-6-94 
Topography: Plain 
Slope: Rat 
Soil: Dark grey sandy loam - high in Organic matter. Limestone outcroppings. 
Drainage: Moderate 
Leaf Litter: 2-10 %; —1 cm deep under shrubs 
Wood Litter: 0-2 % 
Disturbance: Nil except access tracks 
Comments: 

Shrubs 1-2 m 	30 %: Acacia rostellifera, 	Calothamnus quadrifidus, 	Dodonaea aptera, 
Santalum acuminatum, Spyridium globulosum, Templetonia retusa 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii 
Calothamnus quadrifidus, Cryptandra mutila, Diplolaena leemaniana 
ms., Dodonaea aptera, Eucalyptus obtusiflora, Gre villea 
thelemanniana ssp. preissii Leucopogon oxycedrus, Melaleuca 
acerosa, Olax benthamiana, Santalum acuminatum 

Shrubs 0-0.5 m 10-30 %: 	Beyeria cinerea, Calothamnus quadrifidus, Cryptandra mutila, 
Gre villea thelemanniana ssp. preissii, Melaleuca acerosa, 
Stenanthemum ?pomaderroides 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Loxocarya ilexuosa, Loxocarya sp. B 

Grasses 	0-2 %: 	Lolium sp. 

HerbsiCreepers 2-10 %: 	Caladenia sp., Cassytha flava, Drosera ?menziesii, Podolepis lessonii 

Site 14: 	 Allocasuarina Iehmanniana scrub-heath 

Date: 26-6-94 
Topography: Plain 
Slope: Rat 
Soil: Dark grey sandy loam, areas of exposed limestone. 
Drainage: Moderate 
Leaf Litter: 10-30 %; 1-2cm under shrubs. 
Wood Litter: 2-10 % 
Disturbance: Nil 
Comments: 

Trees <5 m 	0-2 %: Nuytsia floribunda 

Shrubs >2 m 	0-2 %: Acacia rostellifera 

Shrubs 1-2 m 	10-30 %: Acacia rostellifera, Acacia truncata, Aiocasuarina lehmanniana, 
Melaleuca huegeii, Santalum acuminatum 
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Shrubs 0.5-1 m 70 %: 	Acacia truncata, Al/ocasuarina IehrnannIana, 	Anthobolus 
Ieptomerioides, Hibbertia sub vaginata, Leucopogon paniiiorus, 
Melaleuca acerosa, Melaleuca huegelii, Santa/urn acumina turn 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa,Acacia truncata, Acrotriche cordata 
Aiocasuarina Iehmanniaria, Leptomeria spinosa, Melaleuca acerosa, 
Spyridium globulosum 

Sedges etc. 	10-30 %: 	I Leptocarpus aristatus, Lepyrodia sp., Schoenus Iaevigatus 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis 

Site 15: 	 Mixed Melaleuca acerosa scrub-heath. 

Date: 24-6-94 
Topography: Plain 
Slope: Flat 
Soil: Dark grey sandy loam 
Drainage: Moderate 
Leaf Litter: 30-70 % 
Wood Litter: Moderate - 10-30 % 
Disturbance: One set of faint wheel tracks 
Comments: 

Shrubs >2 m 	10-30 %: Acacia rostellifera, Dodonaea aptera 

Shrubs 1-2 m 	10-30 %: Acacia rostellifera, Allocasuarina iehmanniana, Dodonaea aptera, 
Spyridium globulosurn 

Shrubs 0.5-1 m 30-70 %: Acacia 	lasiocarpa 	var. 	lasiocarpa, 	AiocasuarIna 	Iehmanniana, 
Leucopogon parviflorus, Melaleuca acerosa, Melaleuca cardiophylla, 
Rhagodia baccata, Tempietonia retusa 

Shrubs 0-0.5 m 2-10 %: 	Allocasuanna Iehmanniana, Beyeria cinerea, Gompholobium 
tomentosum, Hibbertia subvaginata, Leucopogon parvifiorus, 0/ax 
scalariformis, Stenanthemum ?pomaderroides 

Sedges etc. 	30-70 %: Conostylis candicans ssp. calcicola, Lepidosperrna angustaturn, 
Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	0-2 %: Danthonia ?caespitosa 

HerbsiCreepers 0-2 %: Cassytha pomiformis, Clemafis linearifolia 

Site 16: Dense Banksia sphaerocarpa var. sphaerocarpa heath 

Date: 24-6-94 
Topography: Plain 
Slope: Rat 
Soil: Dark grey sandy loam 
Drainage: Moderate 
Leaf Litter: 10-30 % 
Wood Litter: 2-10 % 
Disturbance: Nil 
Comments: 
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Shrubs 1-2 m 10-30 %: 	Acacia ericifolia, Banksia sphaerocarpa 	var. sphaerocarpa, 
Chamaelaucium uncinatum, Rhagodia baccata 

Shrubs 0.5-1 m 70-100 %: 	Allocasuarina humilis, Banksia sphaerocarpa var. sphaerocarpa, 
Calothamnus quadrifidus, Hakea lissocarpha, Hakea prostrata, Hakea 
trifurcata, Hemiandra pungens var. glabra, Labichea cassioides, 
Melaleuca acerosa, Olearia rudis, Petrophile serruriae, Templetonia 
retusa 

Shrubs 0-0.5 m 2-10 %: 	Acacia lasiocarpa var. lasiocarpa, Allocasuarina humilis, Dryandra 
nivea, Greviiea thelemanniana ssp. preissi4 Lechenaultia Iinarioides, 
Opercularia spermacocea, Petrophile brevifolia, Pityrodia loxophieba, 
Rhagodia baccata, Synaphea spinulosa 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Lomandra maritima, Loxocarya flexuosa, Loxocarya sp. B, 
Mesomelaena pseudostygia, Schoenus grandiflorus 

HerbsiCreepers 2-10 %: 	Clematis linearifolia, Drosera ?menziesii, Kennedia sp., Scaevola 
canescens 

Site 17: 	 Moderately dense Acacia rostellifera I Melaleuca cardiophylla 
shrubland. 

Date: 26-6-94 
Topography: Lowland at base of limestone slope 
Slope: Flat 
Soil: Brown, sandy with some calcareous chips. 
Drainage: Moderate 
Leaf Litter: —75 %, 0.5-1 cm. 
Wood Litter: Moderate 
Disturbance: Nil except for access track. 
Comments: 

Shrubs >2 m 	30-70 %: Acacia rostellifera, Melaleuca huegelii 

Shrubs 1-2 m 	30-70 %: Acacia 	rostellifera, 	Dodonaea 	aptera, 	Leptomeria 	preissiana, 
Leucopogon paiviiorus, Melaleuca acerosa, Melaleuca cardiophylla, 
Melaleuca huegeIi 	Rhagodia baccata, 	Santalum acuminatum, 
Templetonia retusa 

Shrubs 0.5-1 m 10-30 %: 	Thryptomene denticulata 

Shrubs 0-0.5 m 2-10 %: 	Acacia ericifolia, Cryptandra mutila, Leucopogon oxycedrus, Melaleuca 
?trichophylla, Phylianthus calycinus, Thryptomene denticulata 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustaturn, 
Lomandra maritima, Loxocarya cinerea, Loxocarya flexuosa, 
Loxocarya sp. B 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 0-2 %: 	Cassytha flava, Cassytha pomiformis 

Site 18: 	 Mallee Eucalyptus obtusiflora over moderately dense Melaleuca 
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Date: 26-6-94 
Topography: Swale floor 
Slope: Flat 
Soil: Grey / brown, fine sandy soil 
Drainage: Moderate 
Leaf Litter: 50%, —1 cm under eucalypts 
Wood Litter: Moderate 
Disturbance: Nil 
Comments: 

Trees <5 m 	10-30 %: Eucalyptus obtusiflora 

Shrubs 1-2 m 	30-70 %: Acacia rosteiifera, Melaleuca huegelii, Santa/urn acuminatum 

Shrubs 0.5-1 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Leucopogon parvifiorus, Melaleuca 
acerosa, Olearia revoluta, Pirnelea ferruginea, Santa/urn acurninaturn 

Shrubs 0-0.5 m 10-30 %: 	Beyeria cinerea, Cryptandra muti/a, Leptorneria preissiana, Mela/euca 
acerosa, Pirne/ea ferruginea, Ricinocarpus ?velutinus, Stenanthernum 
?pomaderroides 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. ca/cico/a,  Lepidosperrna angustatum, 
Lornandra maritirna, Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	2-10 %: 	Danthonia ?caespitosa 

HerbsiCreepers 0-2 %: 	Cassytha flava 

Site 19: 	 Low coastal shrubland over sedges and grasses. 

Date: 266-94 
Topography: Steep to gentle slope 
Soil: Deep white sand, highly saline given proximity to ocean 
Drainage: Very good 
Leaf Litter: 30% 
Wood Litter: Negligible 
Disturbance: Litter 

Shrubs 0.5-1 m 2-10 %: 	Atriplexisatidea, Myoporurn apiculaturn 

Shrubs 0-0.5 m 30-70%: 	Acanthocarpus preissii, Angianthus ctinningharnii Carpobrotus 
virescens, Olearia axillaris, Rhagodia baccata, Scaevola crassifo/ia, 
Tetragonia decumbens, Threlke/dia diffusa 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Iso/apis nodosa, Lepidosperma 
effusurn 

Grasses 	0-2 %: 	Poa poiformis, Spin hex /ongifo/ius 

HerbsiCreepers 0-2%: 	Cassytha pomiformis, Senecio /autus 

Site 20: 	 Mixed Melaleuca acerosa heath with Acacia rostellifera. 
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Date: 26-6-94 
Topography: Dune top 
Slope: Steep 
Soil: Pale sand - low in organic matter 
Drainage: Good 
Leaf Litter: 0-2 %, —1 cm under shrubs 
Wood Litter: 0-2 % 
Disturbance: Nil 
Comments: Top of dune is windswept and more sparse than lower slopes - 

shifting sands and less water would make the crest less favourable 
for plant growth. The dune top vegetation is a mixture of heath and 
the Acacia rostellifera thickets which are apparent at the base of the 
dunes where runoff accumulates. 

Shrubs >2 m 2-10 %: 	Acacia rostellifera, Allocasuarina Iehmanniana 

Shrubs 1-2 m 10-30 %: 	Acacia rostellifera, Allocasuarina !ehmanniana, Melaleuca acerosa, 
Myoporum apiculatum 

Shrubs 0.5-1 m 10-30 %: 	Acacia rostellifera, Acanthocarpus preissi Melaleuca acerosa, 
Rhagodia baccata 

Shrubs 0-0.5 m 10-30 %: 	Acacia rostellifera, Acanthocarpus preissi Threlkeldia diffusa 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 0-2 %: 	Cassytha porniformis 

Site 21: 	 Tall mixed Melaleuca thicket 

Date: 26-6-94 
Topography: Valley/drainage 
Slope: Rat 
Soil: Rich dark brown sandy loam, very high in organic matter. 
Drainage: Moderate 
Leaf Litter: 70-100 % 
Wood Litter: Moderate - 2-10 % 
Disturbance: Recent bulldozed track 
Comments: 

Shrubs >2 m 10-30 %: 	Acacia rostellifera, Melaleuca cardiophylla, Melaleuca huegelii 

Shrubs 1-2 m 70-100 %: 	Melaleuca cardiophylla, Melaleuca huegeIii Santa/urn acuminatum 

Shrubs 0.5-1 m 2-10 %: 	Melaleuca acerosa, Melaleuca cardiophylla, Santa/urn acurninatum, 
Templetonia retusa 

Shrubs 0-0.5 m 2-10 %: 	Acanthocarpus preissii, Beyeria cinerea, Rhagodia baccata, Scaevola 
thesioides var. thesioides, Stenanthemurn ?pomaderroides 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. ca/cicola,  Lepidosperma angustatum, 
Lomandra maritima, Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	0-2 %: 	Lolium sp. 
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HerbsiCreepers 0-2 %: 	Cassytha racemosa, Clematis linearifolia, Pterostylis aspera 

Site 22: 	 Low Acacia Iasiocarpa'Hemiandra pungens heath over sedges 

Date: 26-6-94 
Topography: Gentle to moderate slope 
Soil: White sand 
Drainage: Very good 
Leaf Litter: 2-10% 
Wood Litter: Sparse 
Disturbance: Litter 

Shrubs >2 m 0-2 %: Acacia rostellifera 

Shrubs 1-2 m 2-10%: Anthocercis 	littorea, 	Exocarpos 	sparteus, 	Melaleuca 	huegeIii 
Myoporum apiculatum, Olearia axillaris, Spyridium globulosum 

Shrubs 0.5-1 m 10-30 %: Leucopogon parviflorus, Melaleuca huegeIii Rhagodia baccata 

Shrubs 0-0.5 m 30-70%: Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii Anthocercis 
littorea, 	Carpobrotus 	virescens, 	Cryptandra 	mutila, 	Hemiandra 
pungens var. glabra, Melaleuca huegelii 

Sedges etc. 2-10 %: Conostylis 	candicans 	ssp. 	calcicola, 	Lepidosperma 	effusum, 
Loxocarya sp. B 

Grasses 	2-10 %: 	Lollum sp., Poa poiformis 

HerbsiCreepers 0-2%: 	Anagallis arvensis*
'

Cassytha pomiformIs, Cassytha racemosa, 
Clematis linearifolia, Hardenbergia comptoniana, Senecio lautus 

Site 23: 	 Melaleuca huegelii tall heath with scattered Acacia rostellifera 
thickets. 

Date: 27-6-94 
Topography: Dune slope 
Slope: Gentle 
Soil: Medium-grey sandy loam, exposed limestone at surface 
Drainage: Moderate to good 
Leaf Litter: 10-30 % 
Wood Litter: —1 cm under shrubs 
Disturbance: Nil except access track 
Comments: Acacia rostellifera 2-10 % overall but 30-70 % in thickets. 

Shrubs >2 m 2-10 %: 	Acacia rostellifera 

Shrubs 1-2 m 2-10 %: 	Acacia rostellifera, Melaleuca cardiophylla, Melaleuca huegelii 

Shrubs 0.5-1 m 70 %: 	Acacia lasiocarpa var. lasiocarpa, Dodonaea aptera, Hemiandra 
pungens var. glabra, Leptomeria preissiana, Lysinema ciliatum, 
Melaleuca acerosa, Melaleuca huegelil, Nemcia capitatum, Pimelea 
ferruginea, Santalum acuminatum 

Shrubs 0-0.5 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Cryptandra mutila, Dodonaea 
aptera,' Gompholobium tomentosum, Leucopogon oxycedrus, 
Lysinema ciliatum, Nemcia capitatum, Phyllanthus calycinus, Pimelea 
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Sedges etc. 	10-30 %: 

Grasses 	0-2 %: 

HerbsiCreepers 0-2 %: 

Site 24: 

ferruginea, Santa/urn acuminatum, Zygophyllum fruticulosum 

Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Lomandra mafitima, Loxocarya ilexuosa, Loxocarya sp. B, Schoenus 
Iaevigatus 

Lolium sp. 

Cassytha racemosa, Drosera ?menziesii Stylidium junceum 

Acacia lasiocarpa/Melaleuca acerosa low heath with patches of 
Acacia rostellifera scrub. 

Date: 27-6-94 
Topography: Dune top 
Slope: Flat 
Soil: Pale grey sandy loam 
Drainage: Moderate to good 
Leaf Litter: 10-30 % 
Wood Litter: 0-2 % 
Disturbance: Nil except MRWA tracks 
Comments: Near Site 1 and has very similar vegetation but most shrubs appear 

dead: 2-10 % of all cover is green. 	Santa/urn acurninaturn, Acacia 
rostellifera, Acanthocarpus preissii and Drosera ?menziesii do not 
appear to be suffering as much from summer drought as other species 
present. 

Shrubs >2 m 0-2 %: 	Acacia rostellifera 

Shrubs 1-2 m 2-10 %: 	Acacia rostellifera, Santa/urn acurnina turn 

Shrubs 0.5-1 m 30-70 % (2-10 %"alive"): 
Acacia lasiocarpa var. lasiocarpa, Melaleuca acerosa, Pirnelea 
ferruginea, Santalum acurninaturn, Thryptornene denticulata 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii, Melaleuca 
acerosa 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustaturn, 
Loxocarya flexuosa, Loxocarya sp. B 

HerbsiCreepers 0-2 %: 	Cassytha pomiformis, Drosera ?rnenziesll 

Site 25: 	 Dense Acacia rostellifera IMelaleuca cardiophyllal Thryptomene 
denticulata thicket 

Date: 27-6-94 
Topography: Lowland 
Slope: Rat 
Soil: Fine dense grey sand/loam 
Drainage: Poor 
Leaf Litter: 70 %, shallow layer 
Wood Litter: Moderate 
Disturbance: Largely disused tracks 
Comments: 
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Shrubs >2 m 30-70 %: 	Acacia rostellifera, Melaleuca huegelii 

Shrubs 1-2 m 30-70 %: 	Melaleuca cardiophylla, Melaleuca huegelii, Olax benthamiana, 
Spyndium globulosum, Templetonia retusa, Thryptomene denticulata 

Shrubs 0.5-1 m 30-70 %: 	Leptomeria preissiana, Leucopogon parviflorus, Melaleuca acerosa, 
Melaleuca cardiophylla, Pimelea ferrugInea, Santalum acuminatum, 
Thryptomene denticulata 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa Cryptandra mutila, Leptomeria 
preissiana, Leucopogon -oxycedrus, Phyllanthus calycinus, 
Thiyptomene denticulata 

Sedges etc. 	2-10 %: 	Loxocarya flexuosa, Loxocarya sp. B 

HerbsiCreepers 10-30 %: 	Cassytha racemosa, Comesperma integerrimum 

Site 26: 	 Low Melaleuca acerosa mixed heath with occasional taller shrubs. 

Date: 27-6-94 
Topography: Dune top and sides 
Slope: Gentle to steep 
Soil: White sand 
Drainage: Good 
Leaf Litter: 30 %, 0.5 cm. 
Wood Litter: Plentiful fine wood litter 
Disturbance: 
Comments: 

Shrubs >2 m 0-2 %: 	Acacia rostellifera 

Shrubs 1-2 m 2-10 %: 	Acacia rostellifera, Anthocercis littorea, Leptomeria preissiana, 
Mela!euca acerosa, Melaleuca cardiophylla, Melaleuca huegelii, 
Myoporum apiculatum, Santalum acuminatum, Zygophyllum 
fruticulosum 

Shrubs 0.5-1 m 10-30 %: 	Melaleuca acerosa, Hemiandra pungens var. glabra, Zygophyllum 
fruticulosum 

Shrubs 0-0.5 m 30-50 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii Hemiandra 
pungens var. glabra, Rhagodia baccata, Throlkeldia diffusa, 
Zygophyllum fruticulosum 

Sedges etc. 	2-10 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Loxocarya flexuosa, Loxocarya sp. B 

Herbs iCreepers 0-2 %: 	Cassytha ilava, Drosera ?menziesi,, Opercularia vaginata, 
Pogonolepis stricta 

Site 27: 	 Acacia lasiocarpa/Melaleuca acerosa low heath 

Date: 27-6-94 
Topography: Plain 
Slope: Flat 
Soil: Medium grey sandy loam 
Drainage: Moderate to good 
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Leaf Litter: 	 2-10% 
Wood Litter: 	 0-2 % 
Disturbance: 	 Nil except access tracks 
Comments: 

Shrubs 1-2 m 0-2 %: 	Anthocercis littorea, Santa/urn acurninaturn 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Melaleuca acerosa, Santa/urn 
acurninaturn 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Melaleuca acerosa, Rhagodia 
baccata, Santa/urn acuminaturn, Scaevola thesioides var. thesioides, 
Zygophyllurn fruticulosum 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calciOo/a, Lepidosperma angustatum, 
Loxocarya flexuosa, Loxocarya sp. B 

Grasses 	2-10 %: 	Danthonia ?caespitosa, Poa poiformis 

HerbsiCreepers 0-2 %: 	Cassytha ?flava, Opercularia vaginata, Podolepis Iessonii, Senecio 
lautus 

Site 28: 	 Melaeuca huegelii tall heath 

Date: 
Topography: 
Slope: 
Soil: 
Drainage: 
Leaf Litter: 
Wood Litter: 
Disturbance: 
Comments: 

Shrubs 1-2 m 10-30 % 

27-6-94 
Plain 
Flat 
Dark grey sandy loam 
Moderate to good 
2-10 %; 1-2 cm under shrubs 
0-2 % 
Nil except access tracks 

Melaleuca huege/ll, 

Shrubs 0.5-1 m 70 %: 	Acacia lasiocarpa var. lasiocarpa, Leptomeria preissiana, Melaleuca 
acerosa, Melaleuca huege/ii 0/ax bentharniana, Pime/ea ferruginea 

Shrubs 0-0.5 m 10-30 %: 	Acacia lasiocarpa var. lasiocarpa, Leucopogon oxycedrus, Me/a/euca 
acerosa, Scae va/a thesioides var. thesioides 

Sedges etc. 	10-30 %: 	Lepidosperma angustatum, Lomandra rnarItima, Loxocarya flexuosa, 
Loxocarya sp. B 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreeper 2-10 %: 	Angianthus tornentosus, Cassytha f/ava, Crassu/a colorata, 
Opercularia vaginata, Prasophyl/um sp., Senecio lautus 

Site 29: 	 Moderately dense mixed Melaleuca acerosa mixed heath with 
scattered Acacia rostellifera and Anthocercis littorea. 

Date: 	 27-6-94 
Topography: 	 Dune slope 
Slope: 	 Moderate 
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Soil: 	 Pale grey sand 
Drainage: 	 Good 
Leaf Litter: 	 10-30 % 
Wood Litter: 	 0-2 % 
Disturbance: 	 Nil 
Comments: 	 10-30 % of shrubs are dried off. 

Shrubs >2 m 0-2 %: 	Acacia rostellifera 

Shrubs 1-2 m 2-10 %: 	Acacia rostellifera, Anthocercis littorea, Santalum acuminatum 

Shrubs 0.5-1 m 30-70 %: 	Acacia lasiocarpa var. lasiocarpa, Acanthocarpus preissii Anthocercis 
littorea, Hemiandra pungens, var. glabra, Melaleuca acerosa, 
Rhagodia baccata, Santalum acuminatum 

Shrubs 0-0.5 m 10-30 %: 	Acanthocarpus preissii, Hemiandra pungens var. glabra, Melaleuca 
acerosa 

Sedges etc. 	10-30 %: 	Conostylis candicans ssp. calcicola, Lepidosperma angustatum, 
Loxocarya cinerea 

Grasses 	0-2 %: 	Poa poiformis 

HerbsiCreepers 0-2%: 	Cassytha racemosa, Opetcularia vaginata 

Site 30: 	 Melaeuca huegelii tall heath 

Date: 27-6-94 
Topography: Plain 
Slope: Flat 
Soil: Fine grey sand 
Drainage: Moderate to poor 
Leaf Litter: 20% 
Wood Litter: Sparse 
Disturbance: Nil 
Comments: Area still showing effects of summer drought. 

Shrubs >2 m 	0-2 %: Acacia rostellifera 

Shrubs 1-2 m 	2-10 %: Melaleuca huegelii 

Shrubs 0.5-1 m 30-70 %: Acacia lasiocarpa var. lasiocarpa, Leptomeria preissiana, Melaleuca 
acerosa, Melaleuca huegelii, Olax benthamiana, Pimelea ferruginea, 
Santalum acuminatum 

Shrubs 0-0.5 m 10-30 %: Acacia lasiocarpa var. lasiocarpa, Cryptandra scoparia var. scoparia, 
Leucopogon oxycedrus, Pimelea ferruginea 

Sedges etc. 	10-30 %: Lepidosperma angustatum, Lomandra maritima, Loxocarya flexuosa, 
Loxocaiyasp. B 

Grasses 	2-10 %: Poa poiformis 

HerbsiCreepers 0-2 %: Cassytha pomiformis, Drosera ?menziesll 
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Shrubs 0-0.5 m 30 % 

Sedges etc. 	10-30 % 

Site 32: 

Melaleuca huegeliitall heath. 

27-6-94 
Plain 
Rat 
Dark grey sandy clay loam, exposed limestone in parts. 
Poor to moderate. 
2-10% 
0-2 % 
Nil except track to airstrip 

Leptomeria preissiana, Melaleuca huegelii 

Acacia lasiocarpa var. lasiocarpa, Hemiandra pungens var. glabra, 
Leptomeria preissiana, Leucopogon parviflorus, Melaleuca acerosa, 
Melaleuca huegelii, Pimelea ferruginea 

Acacia lasiocarpa var. lasiocarpa, Melaleuca acerosa, Melaleuca 
huegeIi Olearia axillaris 

Gahnia trifida, Lepidosperma angustatum, Lomandra maritima, 
Loxocarya flexuosa, Loxocarya sp. B, Schoenus Iaevigatus 

Poa poiformis 

Cassytha racemosa, Drosera ?menziesii Senecio lautus 

Tall (2-3m) dense Acacia rostellifera / Melaleuca cardiophylla 
thicket. 

Site 31: 

Date: 
Topography: 
Slope: 
Sod: 
Drainage: 
Leaf Utter: 
Wood Lifter: 
Disturbance: 
Comments: 

Shrubs1-2m 2-10%: 

Shrubs 0.5-1 m 70-100 % 

Grasses 	0-2 % 

HerbsiCreepers 2-10 %: 

Date: 27-6-94 
Topography: Plain - roadside 
Slope: flat to gentle 
Soil: Dark brown loam 
Drainage: Poor 
Leaf Lifter: 100 % 
Wood Litter: Plentiful 
Disturbance: Telecom line - 15-20 m in from roadside, rubbish dumping. 
Comments: Small rocky outcrops near intersection where Melaleuca cardiophylla 

is a gnarled shrub over open vegetation, particularly Cryptandra and 
Loxocarya. 

Trees <5 m 	30-70 %: 	Acacia rostellifera, Melaleuca cardiophylla, Melaleuca huegelil 

Shrubs 1-2 m 30-70 %: 	Acacia truncata, Dodonaea aptera, Leptomeria preissiana, Melaleuca 
cardiophylla, Templetonia retusa 

Shrubs 0.5-1 m 10-30 %: 	Acacia truncata, Leptomeria preissiana, Melaleuca cardiophylla, 
Melaleuca huegelii, Santalum acuminatum 

Shrubs 0-0.5 rn 2-10 %: 	Acacia lasiocarpa var. lasiocarpa, Cryptandra scoparia var. scoparia, 
Dryandra sessilis 

Sedges etc. 	0-2 %: 	Loxocarya flexuosa, Loxocarya sp. B 

HerbsiCreepers 0-2 %: 	Anagallis arvensis*,  Cassytha racemosa 
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Site 33: 

Date: 
Topography: 
Slope: 
Soil: 
Drainage: 
Leaf Litter: 
Wood Litter: 
Disturbance: 
Comments: 

Shrubs >2 m 0-2 % 

Shrubs 1-2 m 2-10%: 

Shrubs 0.5-1 m 10-30% 

Mixed coastal shrubland. 

28-6-94 
Dune - eastern side of dune adjacent to shore. 
Gentle to steep 
White saline sand 
Good 
30% 
Moderate sapling litter 
Some litter, walking trails 

Anthocercis littorea, Melaleuca huegelii 

Aiocasuarina lehmanniana, Anthocercis littorea, Melaleuca huegelii, 
Myoporqm apiculatum, Olearia axillaris, Santalum acuminatum, 
Spyridium globulosum 

Scaevo!a crassifolia, Templetonia retusa 

Shrubs 0-0.5 m 30-70 %: 	Acanthocarpus preissi4 Carpobrotus virescens, Hemiandra pungens 
var. glabra, Lepidium linifolium, Rhagodia baccata, Scaevola 
crassifolia, Templetonia retusa, Threlkeldia diffusa, Thryptomene 
denticulata 

Sedges etc. 	0-2 %: ConostylIs candicans ssp. calcicola, Lepidosperma effusum 

Grasses 	10-30 %: Poa poiformis 

FlerbsCreepers 0-2 %: Cassytha pomiformis, Hardenbergia comptoniana 

Site 7i1: Samphire community: 	heath over sedge intergrade between 
samphire community fringing lake and more inland heath. 

Date: 24-6-94 
Topography: Plain 
Slope: Flat 
Soil: Pale grey fine sandy clay; saline 
Drainage: Poor 
Leaf Litter: 2-10 % 
Wood Litter: 0-2 % 
Disturbance: Wheel-marks (both truck and car); litter 
Comments: Species poor. 	lntergrade starts on slightly raised ground or further 

from lake - fewer halophytes and more Gahnia trifida, with taller 
shrubs dominant. This grades into moderately dense Acacia rostellifera 
and Eucalyptus obtusiflora over taller shrubs. 

Shrubs 1-2 m 0-2 %: 	Melaleuca viminea, Melaleuca sp. 

Shrubs 0.5-1 m 30-70 %: 	Melaleuca sp. 

Shrubs 0-0.5 m 10-30 %: 	Frankenia pauciflora, Halosarcia halocnemoides ssp. ha!ocnemoides, 
Halosarcia indica ssp. bidens, Samolus repens 

Sedges etc. 	30 %: 	Gahnia trifida, Juncus kraussii ssp. australiensis 

HerbsiCreepers 0-2 %: 	Wilsonia humilis 
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APPENDIX F: List of vertebrate fauna recorded or expected to occur within the 
habitats present in the Coastal Road - Jurien to Green Head project 
area. 

KEY 

X 	= Species recorded during field survey 
S 	= Signs of presence recorded: nests, 

scats, diggings and tracks. 
+ 	= Species expected to occur 
A 	= Predominately aerial species 

FAUNA HABITAT CODES 

Habitat 1: Proteaceae woodland/heath 
Habitat 2: Heath - Guilderton System 
Habitat 3: Foredunes 
Habitat 4: Salt lakes 
Habitat 5: Dense thickets and woodlands 
Habitat 6: Eucalyptus woodland over farmland 
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APPENDIX Fl: BIRD SPECIES WHICH OCCUR OR ARE EXPECTED TO OCCUR IN THE COASTAL 
ROAD - JURIEN TO GREEN HEAD PROJECT AREA. 

Common name 	 Species name 	 Habitat 
1 2 3 4 5 6 

Emu Dromaius novaehollandiae X 	X + 	+ + 	+ 
Grebe Podiceps sp. + 
Australian Pelican Pelecanus conspicillatus + 
Pacific Heron Ardea pacifica + 
White-faced Heron Ardea novaeho/Iandiae + 
Great Egret Egretta a/ba + 
Reef Heron Egretta sacra + 
Black Swan Cygnus atratus + 
Australian Shelduck Tadorna tadornoides + X 
Pacific Black Duck Anas superciliosa + X 
Grey Teal Anas gibben Irons + X 
Maned Duck Chenonetta jubata + 
Black-shouldered Kite Elanus notatus + 	X + + 	+ 
Whistling Kite Hallastur sphenurus + 	+ + + 	+ 
Brown Goshawk Accipiter fasciatus + 	+ + + 	± 
Collared Sparrowhawk Accipitercirrocepha/us + 	+ + + 	+ 
Australian Little Eagle Aquila morphnoides + 	+ + + 	+ 
Wedge-tailed Eagle Aquila audax + 	+ + + 	+ 
Spotted Harrier Circus assimi/is + 	+ 
Marsh Harrier Circus aeruginosus + 
Little Falcon Falco longipennis + 	+ + + 	+ 
Peregrine Falcon Falco peregrinus + 
Brown Falcon Falco berigora + 	+ + + 	+ 
Australian Kestrel Falco cenchroides + 	X + + 	+ 
Mallee Fowl Leipoa ocellata + 	+ 
Stubble Quail Coturnix novaezelandiae + 
Painted Button-Quail Tumix varia + 	+ + 
Little Button-Quail Tumix ye/ox + 	+ 
Banded Landrail Ga/lirallus phi/ippensis + 	+ 
Spotless Crake Porzana tabuensis + 
Spotted Crake Porzana f/uminea + 
Black-tailed Native Hen Gallinula ventralis + 
Eurasian Coot Fulica atra + 
Australian Bustard Ardeotis austra/is + 	X + + 
Banded Plover Vane//us tricolor X + 
Grey Plover P/uvia/is squatarola + 
Red-capped Dotterel Charadrius ruficapi/lus + 
Hooded Dotterel Charadrius rubrico//is + 
Double-banded Dotterel Charadrius bicinctus + 
Black-fronted Dotterel Charadrius me/anops + 
Whimbrel Numenius phaeopus + 
Bar-tailed Godwit Limosa /apponica + 
Greenshank Tringa nebu/aria + 
Grey-tailed Tattler Tringa brevipes + 
Common Sandpiper Tringa hypo/eucos + 
Turnstone Arenaria interpres + 
Knot Calidris canutus + 
Sanderling Calidris a/ba + 
Red-necked Stint Calidris ruficollis + 
Sharp-tailed Sandpiper Calidris acuminata + 
Curlew Sandpiper Calidris ferruginea + 
Black-winged Stilt Himantopus himantopus + 

ecologia 



78 

Common name Species name Habitat 
1 2 3 	4 	5 	6 

Banded Stilt Cladorhynchus leucocephalus + 
Silver Gull Larus novaehollandiae + 	+ 
Feral Pigeon Columbia livia + 
Common Bronzewing Phaps chalcoptera + + + 	+ 
Brush Bronzewing Phaps elegans + X 
Crested Pigeon Ocyphaps lophotes X X + 
Baudin's Black Cockatoo Calyptorhynchus baudinii + - 	 + 
Red-tailed Black Cockatoo Calyptorhychus magniuicus ± 
Carnaby's Black Cockatoo Calyptorhynchus funereus latirostns+ X + 
Long-billed Corella Cacatua pastinator butleri + + X 
Little Corella Cacatua sanguinea + + + 
Galah Cacatua roseicapilla + X X 
Cockatiel Nymphicus hollandicus + + 
Regent Parrot Polytelis anthopeplus + 	+ 
Western Rosella Platycercus icterotis + 	+ 
Port Lincoln Parrot Barnardius zonarius X X + 	X 
Rock Parrot Neophema petrophila + 
Pallid Cuckoo Cuculus pallidus + + + 	+ 	+ 
Horsfield's Bronze Cuckoo Chrysococcyx basalis + + + 
Shining Bronze Cuckoo Chrysococcyx lucidus + 
Fan-tailed Cuckoo Cacomantis pyrrhophanus + + + 
Barn Owl Tyto alba X + + 	+ 	+ 
Southern Boobook Ninox novaeseelandiae + + + 	+ 	+ 
Australian Owlet-nightjar Aegotheles cristatus + + + 	+ 	+ 
Spotted Nightjar Caprimulgus guttatus + + + 	+ 	+ 
Tawny Frogmouth Podargus strigoides + + + 	+ 	+ 
Laughing Kookaburra Dacelo gigas + 
Sacred Kingfisher Halcyon sancta + + + 	+ 	+ 
Fork-tailed Swift Apus pacificus + + + 	+ 	+ 
Rainbow Bee-eater Merops ornatus + + + 
White-backed Swallow Cheramoeca leucosternum + + 
Welcome Swallow Hirundo neoxena + X + 	+ 	X 	+ 
Tree Martin Cecropis nigricans + + + 	+ 	+ 	+ 
Richard's Pipit Anthus novaseelandiae X X + 	+ 	+ 
Black-faced Cuckoo-shrike Coracina novaehollandiae + X X 
White-winged Triller Lalage sueurii + + + 	 + 
White-browed Babbler Pomatostomus superciliosus + 
Little Grassbird Megalurus gramineus + 
Brown Songlark Cinclorhamphus cruralis + + 
Splendid Fairy Wren Malurus splendens X + X 
White-winged Fairy Wren Malurus leucopterus + + + 
Variegated Fairy Wren Malurus lambertii X + 
Blue-breasted Fairy Wren Malurus puicherrimus + + 
Southern Emu-wren Stipiturus malachurus + + 
Western Warbler Geaygone fusca + 
Inland Thornbill Acanthiza apicalis X + 
Western Thornbill Acanthiza inornata X + 
Yellow-wmped Thornbill Acanthiza chrysorrhoa + 
Varied Sitella Daphoenositta chrysoptera + 
Shy Hylacola Sericornis cautus + 
Spotted Scrub-wren Sericornis maculatus + 
White-browed Scrub-wren Sericornis frontalis X X 
Calamanthus Sericornis fuliginosus + 	+ 
Weebill Smicromis brevirostris + 	+ 
White-fronted Chat Ephthianura albifrons + + + 
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Habitat 
1 2 3 4 5 6 

Red-capped Robin 
Scarlet Robin 
Hooded Robin 
White-breasted Robin 
Grey Fantail 
Jacky Winter 
Willie Wagtail 
Golden Whistler 
Rufous Whistler 
Western Shrike-thrush 
Grey Shnke-thrush 
Crested Bellbird 
Restless Flycatcher 
Mistletoebird 
Striated Pardalote 
Spotted Pardalote 
Silvereye 
Brown Honeyeater 
Singing Honeyeater 
Brown-headed Honeyeater 
Western Spinebill 
Tawny-crowned Honeyeater 
White-cheeked Honeyeater 
New Holland Honeyeater 
Pied Honeyeater 
Red Wattlebird 
Uttle Wattlebird 
Spiny-cheeked Honeyeater 
Yellow-throated Miner 
Magpie-lark 
Dusky Woodswallow 
Black-faced Woodswallow 
Grey Currawong 
Grey Butcher-bird 
Pied Butcher-bird 
Australian Magpie 
Australian Raven 
Little Crow  

Petroica goodenovii 
Petroica multicolor 
Melanodryas cucullatus 
Eopsaitria georgiana 
Rhipidura fuliginosa 
Microeca Ieucophaea 
Rhipidura !eucophrys 
Pachycephala pectoralis 
Pachycephala rufiventris 
Colluricincla rufiventris 
Colluricincla harmonica 
Oreoica gutturalis 
Myiagra inquieta 
Dicaeum hirundinaceum 
Pardalotus striatus 
Pardalotus punctata 
Zosterops lateralis 
Lichmera indistincta 
Lichenostomus virescens 
Mellthreptus brevirostris 
Acanthorhynchus superciliosus 
Phylidonyris melanops 
Phylidonyris niger 
Phylidonyris novaeho!landiae 
Certhionyx variegatus 
Anthochaera carunculata 
Anthochaera chrysoptera 
Acanthagenys rufogularis 
Manorina (la vigula 
Oral/ma cyanoleuca 
Artamus cyanopterus 
Artamus cinereus 
Strepera versicolor 
Cracticus torquatus 
Cracticus nigrogularis 
Gymnorhina tibican 
Corvus coronoides 
Corvus bennetti 

Sources of expected species: Dell and Johnstone (1977), Burbidge and Boscacci (1989), Burbidge, 
Hopper and van Leeuwen (1989), Craig (unpubl. ms.) 
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APPENDIX F2: REPTILES AND AMPHIBIANS WHICH OCCUR OR ARE EXPECTED TO OCCUR 
IN THE COASTAL ROAD - JURIEN TO GREEN HEAD PROJECT AREA. 

Reptiles 

FAMILY 	 Species name 	 Habitat 
1 2 3 4 5 6 

GEKKONIDAE Crenadactylus oceflatus + + + + 
Diplodactylus alboguttatus + + + 
Diplodactylus granariensis granariensis + + 
Diplodactylus ornatus 	 - + + 
Diplodactylus po!yopthalmus + + 
Diplodactylus spinigerus X + + 
Diplodactylus vittatus + 
Gehyra variegata X X X X 
Phyllodactylus marmoratus + + + + + 
Underwoodisaurus millii + + + + 

PYGOPIDAE Aclys concinna + 
Delma fraseri + + + + + + 
Delma grayli + 
Lialis burtonis + + + + + + 
Pletholax gracilis + 
Pygopus lepidopodus X + 

AGAMIDAE Tympanocryptus adelaidensis adelaidensis + 
Clenophorus maculatus maculatus + + + 
Pogona minor minor + + + + + 

SCINCIDAE Ci-yptoblepharus plagiocephalus + + + 
Ctenotus fallens + + + + 
Ctenotus Iesueurii + + + + + 
Ctenotus pantherinus pantherinus + + + + + 
Ctenotus impar + 
Egernia multiscutata bos + + + 
Egernia napoleonis + + + 
Lerista chHstinae + + + 
Lerista distinguenda + + + 
Lerista elegans + + + + + + 
Lerista planiventralls + + + + 
Lerista praepedita + + + + 
Menetia greyii + + + + + + 
Morethia lineoocellata X X + + + 
Morethia obscura + + + + + 
Omolepida branchialis X X + + X + 
Tiliqua occipitalis + 
TiIiqua rugosa + X + + X + 

VARANIDAE Varanus gouldii + + 
Varanus tristis + + + 

BOIDAE Morella stimsoni stimsoni + 

ELAPIDAE Pseudechis australis + + + + + + 
Notechis curtis + + + + + + 
Pseudonaja nuchalis + + + + + + 
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APPENDIX F2 (cont.) 

FAMILY 	 Species name 	 Habitat 
1 2 3 4 5 6 

ELAPIDAE (cont.) Demansia psammophis reticulata 	+ 	+ 	+ 
Rhinoplocephalus gouldi! 	 + 	+ 	 + 	+ 
Vermicella littoralls 	 + 	+ 	 + 	+ 
Vermiceila bimaculatus 	 + 	+ 	 + 	+ 

TYPHLOPIDAE 	Ramphotyphiops australis 	 + 	 + 	+ 

Frogs 

FAMILY 	 Species name 	 Habitat 
1 2 3 4 5 6 

HYLIDAE 	 Litoria moore! + 
Myobatrachus gouldii + + 
Ranidella ?pseudinsignifera + + 	 + 

MYOBATRACHIDAE Heleioporus albopunctatus + + 	 + 
Heleioporus eyrei + + 	 + 
Heleioporus psammophilus + X 
Limnodynastes dorsalis + + 	+ 
Neobatrachus pelobatoides X + 	+ 
Pseudophtyne guenther! + + 	+ 

Sources of expected species: Dell and Chapman (1977), Burbidge and Boscacci (1989), Burbidge, 
Hopper and van Leeuwen (1989). 
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APPENDIX F3: MAMMAL SPECIES WHICH OCCUR OR ARE EXPECTED TO OCCUR IN THE 
JURIEN TO GREEN HEAD PROJECT AREA. 

FAMILY 	 Common name 	Species name 
1 

Habitat 
23456 

Native Mammals 

TACHYGLOSSIDAE Echidna Tachyglossus aculeatus X X + + 	+ 

MACROPODIDAE Western Grey Kangaroo Macropus fuliginosus X X X X 	X 
Westen Brush Wallaby Macropus irma + + 
Euro Macropus robustus + + + 

TARSIPEDIDAE Honey Possum Tarsipes rostratus + 

DASYURIDAE Fat-tailed Dunnart Sminthopsis crassicaudata + + + 	+ 
White-bellied Dunnart Sminthopsis dolichura + + 

Sminthopsis gilberti + + 
White-tailed Dunnart Sminthopsis granulipes + + 

MIJRIDAE Southern Bush Rat Rattus fuscipes fuscipes X X X 
Ash Grey Mouse Pseudomys albocinereus X X 

VESPERTILIONIDAE Gould's Wattled Bat Chalinobus gouldill A A A A A A 
Chocolate Bat Chalinobus mono A A A A A 	A 
Little Bat Eptesicus pumilis A A A A A 	A 
King River Eptesicus Eptesicus regulus A A A A A 	A 
Lesser Long-eared Bat Nyctophi/us geoffroyi A A A A A 	A 

MOLOSSIDAE White-striped Mastiff Mat Tadarida australis A A A A A 	A 

Introduced Mammals 
MURIDAE House Mouse Mus domesticus X X + + + + 
LEPORIDAE European Rabbit Oryctolagus cuniculus S S S S S S 
BOVIDAE Domestic Cattle Bos taurus + 
EQUIDAE Horse Equus caballus + 
FELIDAE Domestic Cat Fe/is catus + + + + + + 
CANIDAE Fox Vu!pesvulpes S X S + + S 

Dog Canis familiaris + + + + + + 
SUIDAE Pig Susscrofa + + 

Sources of expected species: Chapman and Kitchener (1977), Burbidge and Boscacci (1989), 
Burbidge, Hopper and van Leeuwen (1989). 

ecologia 



APPENDIX C 

"Report on a Survey for Aboriginal 
Ethnographic Sites in the Jurien / 
Green Head Region" 

August1994 

Rory O'Connor 

ecologia 



REPORT ON A SURVEY FOR ABORIGINAL ETHNOGRAPHIC 

SITES IN THE JURIEN/GREEN HEAD REGION. 

Prepared for Ecologia Environmental Consultants 

By Rory O?Connor.  

August 1994 



ABSTRACT 

A survey for Aboriginal ethnographic sites in the vicinity of proposed roadworks in the 

Jurien/Green Head region was commissioned by Ecologia Environmental Consultants on 

behalf of Main Roads Western Australia and carried out by R. O'Connor in May and July 

1994. 

As a result of the consultation and field survey, it has been established that the proposed 

roadworks will not impact any Aboriginal ethnographic sites. 

This report details survey methodology and results, along with relevant anthropological 

and historical background material. 
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1.0 INTRODUCTION 

1.1 Background 

This report, which is based on a period of field research carried out in May and 

July 1994, was commissioned by Ecologia Environmental Consultants on behalf of Main 

Roads Western Australia ("MIRWA"). The aim of the research was to locate Aboriginal 

persons who retain traditional cultural links with the Jurien/Green Head area and to 

consult with them in order to assist MRWA in fulfilling any obligations which it may have 

under the Aboriginal Heritage Act (19 72-80) in relation to the proposed realignment of 

the Jurien to Green Head Road and associated ancillary infrastructure. 

1.2 Research Brief 

In general, MIRWA required information on Aboriginal sites to assist in production 

of a CER for the proposed roadworks. Specifically, the objectives of the survey were to: 

identify any Aboriginal sites, as defined by the Aboriginal Heritage Act (1972-80), 

within the designated survey area: and 

within this area, to ascertain whether or not any such sites will be disturbed by 

proposed roadworks. 

The findings of the survey are to be reported in a format suitable for the Western 

Australian Museum's Aboriginal Cultural Material Committee to: 

determine whether there is an Aboriginal site within the survey area; and 

evaluate the importance and significance of any such site. 
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The location of the proposed roadworks, which constitute the designated survey area, is 

shown in Figure One. 

1.3 Acknowledgements 

The author gratefully acknowledges the assistance and advice of Mr A.Franks, 

who acted as sub-consultant in the course of the consultation and survey with the 

Geraldton elders. Gratitude is also expressed towards Mr and Mrs R.Dalgety and Mr and 

Mrs B.Dalgety, former residents of Moore River Mission, and to Mr J.Ryder, elder of 

Billinue Aboriginal Corporation and to his son and daughters. 
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2.0 	ANTHROPOLOGICAL BACKGROUND 

2.1 Linguistic Groups 

The distribution of the Aboriginal linguistic or tribal groups in the southwestern 

corner of Western Australia is not a matter of general agreement, either amongst 

Aboriginal people themselves or among anthropologists. In part, this is due to the 

influence of European contact, which effectively broke the traditional links with the land 

and also led to the death of the majority of the population either from introduced diseases 

or as a result of frontier violence. It is also partly due to the post-contact emergence of a 

consciousness of collective identity amongst the survivors of the contact era. The older 

social divisions which had existed in the pre-contact situation tended to be replaced by a 

pan-Aboriginal identity - people began to refer to themselves and to others from the 

Southwest as Nyungars (literally "brothers"), thereby acknowledging linguistically the 

existence of a new collective identity. 

So far as can be established, the area to the immediate north of Geraldton, and 

perhaps the present township were inhabited by the Ngaanda, whose language was closely 

related to the Maia, Inggarda and Marlgana of the Shark Bay-Carnarvon region (Wurm, 

1972). South of the Ngaanda were the lands of the Amangu, a sub-group of the 

southwestern people (Berndt, 1980 and Tindale, 1974). South of the Amangu were the 

Jued, whose lands appear to have been centred upon the Moore River. 
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2.2 Population Distribution 

The "tribes" or linguistic groups listed above inhabited three distinct ecological 

zones, whose widely differing resources affected population density and, by extension, 

distribution of sites of cultural significance. It is a truism that density of Aboriginal 

population varied in relation to number and size of water sources. The sandplain which 

stretches from Moore River to Irwin River is renowned for its aridity, therefore its 

population-carrying capacity in the pre-contact era would have been limited - a hypothesis 

borne out by the early historical records (see, for example, Grey, 1841 or O'Connor, 

Quartermaine and Bodney, 1989). Conversely, the well-watered and fertile coastal plain 

between the Swan and Moore Rivers, and north of the Irwin River, supported a relatively 

large population. 

2.3 Post-Contact History - An Overview 

As noted above, the sandplain between the Moore and Irwin Rivers was sparsely 

populated in pre-contact times. Accordingly, there is no historical record of violent 

opposition to European expansion into that region. In the 1 860s, Eneabba Springs were 

discovered by Europeans and in 1870 William Rowlands of (3reenough established a 

property of some 2,000 acres around the Springs. Although he fenced a portion of this 

land to raise cattle, his main income was from trapping and shooting kangaroos, feral pigs 

and dingoes (McKinnon, 1979). In truth, the area seemed to support a population of 

isolates; 

"...of the trappers around Eneabba and south was Jack 



Hamersley, single and lived a hermit ... a Mr Duncan 

also worked at shepherding and trapping horses, including 

wild pigs and dingoes" (ibid 3). 

Aboriginal oral history and the historical record suggest that Aborigines retained 

contact with the region during this early period of settlement, and in fact moved into these 

isolated European camps. In 1907, when settlement spread into Daiwallinu and Pithara, 

for example, local Aborigines still lived a semi-traditional life: 

if 	 until 1907...the natives hadafree run. When the first 

settlers came, the natives proved a nuisance, coming up to 

the houses in large numbers with their spears and asking for 

food at all hours of the day and night. Strangely, when the 

area became more thickly populated, the natives moved 

back to Moora, where they now live outside the town in 

'eyesores' and seem to thrive" (Bailey, 1961). 

Also, a Mrs Walters of Morawa recalled that: 

"...during the early years of this century, when she was a 

child, she also lived at Dudawa with her parents. She 

recalls spending much of her time with Aborigines who 

frequented the bush nearby, and tells how they would 

move to the coastal sandplain for a time each summer" (ibid 13). 

In 1916, Moore River Mission was established near the town of Mogumber, and 

Aborigines from Moora and the surrounding districts were centralised there. At least three 

local Aboriginal families who had settled in the isolated sandplain camps mentioned above 

resisted this enforced move. They were: 
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Jim Weston, whose camp was beside a muddy spring some seventeen kilometres 

south of Mt. Leseuer; 

Sid McInerney, whose camp was near the present Badgingarra national park; and 

Murrumbah (Jim White) and Josie Isaacs, whose camp was located on Mullering 

Brook. 

Murrumbah was seen by other Nyungars as regional custodian of Aboriginal sites. His 

descendants, among whom are members of the Ryder family, claim to have inherited this 

custodianship, a claim which is accepted by some, but not all, other Nyungars. Also seen 

by others as regional custodians are a group of elderly Aboriginal people who grew up on 

Moore River Mission, either as descendants of the original inhabitants, or as half-caste 

waifs removed from their full-blood mothers and resettled in the Mission under the Native 

Welfare legislation. 
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3.0 THE SURVEY 

3.1 Methodology 

Four separate stages were involved in this survey, as follows: 

examination of existing ethnographic database; 

consultations and discussions with relevant Aboriginal persons; 

inspection of designated survey area; 

report preparation. 

3.2 Existing Database 

This database is in two forms: namely published and unpublished historical and 

anthropological sources dealing with the general survey area and data on Aboriginal sites 

recorded previously and stored by the Department of Aboriginal Sites. Chapter Two gives 

a summary of the available source material; a search of the Site Register at the Department 

of Aboriginal Sites revealed that no such sites had been previously recorded in the 

designated survey area. 

3.3 Aboriginal Consultations and Site Visit 

As noted in Chapter Two above, there are two distinct groups of Aboriginal 

people who have retained cultural contact with the general area in which the survey was 
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carried out: namely elderly people who grew up at Moore River Mission and descendants 

of Murrambah and Josie Isaacs, who had a permanent camp at Mullering Brook. 

Up until his death some three years ago, the undisputed senior elder of the first 

group was Mr Ned Mippy of Moora, a charming and erudite old man, who worked with 

the author on a number of occasions in the general region in which the survey was 

conducted. At no stage did he allude to the existence of Aboriginal sites in the area 

between Drovers' Cave National Park and the coast. Mr and Mrs R. Dalgety, Mr and Mrs 

B.Dalgety and Mr A.Franks are now the senior elders from the Moore River Mission 

group. These were consulted concerning the proposed road realignment and the 

designated survey area was visited with the men. The opinion of all persons was that no 

sites of significance were located within the designated survey area. 

Following negotiations over the development of a mineral sands deposit at 

Mullering Brook near Cataby some seven years ago, the descendants of Murrumbah and 

Josie Isaacs set up the Billinue Aboriginal Corporation Inc., with the intention of working 

alongside the Moore River Mission elders in matters concerning Aboriginal heritage in the 

region between Moore River and Irwin River. Mr J.Ryder and Mrs D.Ryder are the elders 

of this incorporated group, and have worked with the author on a number of 

developments in their area of interest, including a telecommunications optic fibre cable 

route which runs adjacent to and roughly parallel to the proposed road realignments. Mr 

and Mrs Ryder have also picked wildflowers commercially (yellow Kangaroo Paws and 

Banksia) through this area for some twenty years. They therefore know it intimately. 

Following the initial consultation/site visit with the Moore River Mission elders, the author 

endeavoured to contact Mr Ryder, but found that he was in the Goldfields. Over a period 

of four weeks, attempts were made to establish his whereabouts and he was eventually 

located in the Leonora region. Contact was made with him by friends of the author at the 



Leonora Shire office and at Leonora Community Health Services, with a view to arranging 

for him to inspect a map of the proposed development. However, before this could be 

done, Mrs Ryder developed a serious health problem and was flown to Hospital in Perth 

by the Royal Flying Doctor Service. This misfortune enabled the author to consult Mr 

Ryder personally. However, given the family circumstances, it would have been 

unthinkable to bring him away on a field trip. As noted above, Mr Ryder has an intimate 

knowledge of the survey area, and was therefore able to identify from the map reproduced 

in Figure One where the designated survey area is. His approval for the project is 

reproduced in Appendix Three. 

3.4 Results of Survey 

As a result of the survey, it has been established that there are no known sites of 

significance to Aboriginal people within the designated survey area. Aboriginal significant 

sites should therefore not be deemed an impediment to the granting of any necessary 

statutory permissions for the proposed development. 
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APPENDIX I 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE 
ACT 	 1972-1980 

"Report of Findings 
15. Any person who has knowledge of the existence of anything in the nature 
of Aboriginal burial grounds, symbols or objects of saaed, ritual or ceremonial 
significance, cave or rock paintings or engrangs stone structures or arranged 
stones, carved trees, or of any place or thing to which this Act applied or to 
which this Act might reasonably be suspected to apply shall report its existence 
to the Trustees, or to a police officer, unless he has reasonable cause to believe 
the existence of the thing or place in question to be already known to the 
Trustees. 

Excavation of Aboriginal Sites 
16. (1) Subject to Section 18, the right to excavate orto remove any thing from 
an Aboriginal site is reserved to the Trustees. 

(2) The Trustees may authorise the entiy upon and excavating of an 
Aboriginal site and the examination or removal of any thing on or under the 
site in such manner and subject to such conditions as they may direct. 

Offences Relating to Aboriginal Sites 
17. A person who- 

excavates, destroys, damages, conceals or in any way alters any Aboriginal 
site, or 

in any way alters, damages, removes, destroys, conceals, or who deals with 
in a manner not sanctioned by relevant custom, or assumes the possession, 
custody or control of, any olect on or under an Aboriginal site, commits an 
offence unless he is acting with the authonsation of the Trustees under Section 
16 or the consent of the Minister under Section Ia 

Consent To Certain Uses 
18. (1) For the purposes of this section, the expression "the owner of any land" 
includes a lessee from the Crown, and the holder of any mining tenement or 
mining privilege, or of any right or privilege under the Petroleum Act 1967, in 
relation to the land 

(2) Where the owner of any land gives to the Trustees notice in wilting that 
he requires to use the land for a purpose which, unless the Minister gives 
his consent under this section, would be likely to result in a breach of Section 17 
in respect of any Aboriginal site that might be on the land, the Trustees shall, as 
soon as they are reasonably able, form an opinion as to whether there is any 
Aboriginal site on the land, evaluate the importance and significance of any 
such site, and submit the notice to the Minister together with their 
recommendation in writing as to whether or not the Minister should consent 
to the use of the land for that purpose, and, where applicable, the extent to 
which and the conditions upon which his consent should be given. 



(3) Where the Trustees submit a notice to the Minister under subsection 
(2) of this section he shall consider their recommendation and having regard to 
the general interest of the community shall either- 

Consent to the use of the land the subject of the notice, or a specified 
part of the land, for the purpose required, subject to such conditions, if any, as 
-he may specify; or 

wholly decline to consent to the use of the land the subject of the notice 
for the purpose required, and shall forthwith inform the owner in writing of 
his decision. 

(4) Where the owner of any land has given to the Trustees notice 
pursuant to subsection (2) of this section and the Trustees have not submitted it 
with their recommendation to the Minister in accordance with that subsection 
the Minister may require the Trustees to do so within a specified time, or may 
require the Trustees to take such other action as the Minister considers 
necessaiy in order to expedite the matter, and the Trustees shall comply with 
any such requirement 

(5) Where the owner of any land is aggrieved by a decision of the Minister 
made under subsection (3) of this section he may, within the time and in the 
manner perscnbed by rules of court, appeal from the decision of the Minister to 
the Supreme Court which may hear and determine the appeal. 

(6) In determining an appeal under subsection (5) of this section the Judge 
hearing the appeal may confirm or vaiy the decision of the Minister against 
which the appeal is made or quash the decision and substitute his own decision 
which shall have effect as if it were the decision of the Minister, and may make 
such anorderas to the costs of the appeal as he sees fit 

(7) Where the owner of the land gives notice to the Trustees under 
subsection (2) of this section, the Trustees may, if they are satisfied that it is 
practicable to do so, direct the removal of any object to which this Act applies 
from the land to a place of safe custody. 

(8) Where consent has been given under this section to a person to use 
any land for a particular purpose nothing done by or on behalf of that person 
pursuant to, and in accordance with any conditions attached to, the consent 
constitutes an offence against this Act" 



APPENDIX2 

Notes on the Recognition of Aboriginal Sites 

--There are vanous types of Aboriginal Sites and these notes have been prepared 
as a guide to the recognition of those sites that may be located in the suivey 
area 

An Aboriginal Site is defined in the Aboriginal Heritage Act 1972-80 in Section 
5 as: 

Any place of importance and significance where peisonsof Aboriginal 
descent have, or appear to have, left any object, natural or artificial, used for, or 
made for or adapted for use for, any purpose connected with the traditional 
cultural life of the Aboriginal people, past or present; 

Any sacied, ritual or ceremonial site, which is of importance and special 
significance to persons of Aboriginal descent; 

(C) Any place which, in the opinion of the Trustees is or was associated with 
the Aboriginal people and which is of historical, anthropological, 
archaeological or ethnographical interest and should be preserved because of its 
importance and significance to the cultural heritage of the state, 

(d) Any place where objects to this Act applies are traditionally stored, or to 
which, under the provisions of this Act, such objects have been taken or 
removed. 

Habitation Sites 
These are commonly found throughout Western Australia and usually contain 
evidence of tool-making seed grinding and other food processing cooking 
painting engraving or numerous other activities. The archaeological evidence 
for some of these activities is discussed in detail under the appropriate heading. 

Habitation sites are usually found near an existing or former water source such 
as gnamma hole, rock pool, spring or soak They are generally in the open, but 
they sometimes occur in shallow rock shelters or caves. It is particulaiiy 
important that none of these sites be disturbed as the stratified deposits which 
may be found at such sites can yield valuable information about the inhabitants 
when excavated by archaeologists. 

Seed Grinding 
Polished or smoothed areas are sometimes observed on/near horizontal rock 
surfaces. The smooth areas are usually 25cm wide and 40 or 50cm long. They 
are the result of seed grinding by the Aboriginal women and indicate aspects of 
a past economy. 

Habitation Structures 
Aboriginal people sheltered in simple ephemeral structures, generally 
made of branches and sometimes grass. These sites are rarely preserved for 
more than one occupation period. Occasionally rocks were pushed aside or 
were used to stabilise other building materials. When these rock patterns are 
located they provide evidence of former habitation sites. 



Middens 
When a localised source of shellfish and other foods have been exploited from 
a favoured camping place, the accumulated ashes hearth stones, shells, bones 
and other refuse can form mounds at times several metres high and many 
metres in diameter. Occasionally these refuse mounds or middens contain 
stone, shell or bone tools. These are most common near the coast but examples 
on inlartd lakes and river banks are not unknown. 

Stone Artefact Facto!)' Sites 
F%eces of rock from which artefacts could be made were often carried to camp 
sites or other places for final production Such sites are usually easily 
recog!lisable because the manufacturing process produces cluantities  of flakes 
and waste material which are dearly out of context when compared with the 
surrounding rocks. All rocks found on the sandy coastal plain, for example, 
must have been transported by human agencies. These sites are widely 
distributed throughout the state. 

Quarries 
When outcrops of rock suitable for the manufacture of stone tools were 
quarried by the Aborigines, evidence of the flaking and chipping of the source 
material can usually be seen in situ and nearby. Ochre and other mineral 
pigments used in painting rock sur(aces artefacts and body decoration are 
mined from naturally occunng seams, bands and other deposits. This activity 
can sometimes be recognised by the presence of wooden digging sticks or the 
marks made by these implements. 

Marked Trees 
Occasionally trees are located that have designs in the bark which have been 
incised by Aborigines. Toeholds, to assist the dimber, were sometimes out into 
the bark and sapwood of trees in the hollow limbs of which possums and other 
athorial animals sheltered Some tree trunks bear scars where sections of bark 
or wood have been removed to make dishes, shields, spearthrowers and other 
wooden artefacts. In some parts of the state wooden platforms were built in 
trees to accomodate a corpse during complex rituals lbllowng death. 

Burials 
In the north of the state it was formerly the custom to place the bones of the 
dead on a ledge in a cave after certain rituals were completed. The 
bones were wrapped in sheets of bark and the skull placed beside this. In otther 
parts of Western Australia the dead were buried, the burial position varying 
according to the customs of the particular area and time. Natural erosion, or 
mechanical earthmoving equipment occasionally exposes these burial sites. 

Stone Structures 
If one or more stones are found partially buried or wedged into a position 
which is not likely to be the result of natural forces, then it is probable that the 
place is an Aboriginal site and that possibly there are other important sites 
nearby. There are several different types of stone arrangements ranging from 
simple cairns or piles of stones to more elaborate designs. low weirs which 



trap fish when tides fall are found in coastal areas. Some rivers contain similar 
structures that trap fish against the current. It seems likely that low stone slab 
structures in the south-west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or pits were 
sometimes made to provide a hide or shelter for hunting. 

Elongated rock fragments are occasionally erected as a sign or warning that a 
special area is being approached Heaps or alignments of stones may be 
naturalistic or symbolic representations of animals, people or mythological 
figures. 

Paintings 
These usually occur in rockshelters, caves or other sheltered situations which 
offer a certain degree of protection from the weather. The best known examples 
in Western Australia occur in the Kimberley region but paintings are also 
found throughout most of the State. Several coloured pigments may have 
been used at a site. Stencilling was a common painting technique used 
throughout the state. The negative image of an object was created by spraying 
pigment over the object which was held against a wall 

Engravings 
This term describes designs which have been carved, pecked or pounded into a 
rock surface. They form the predominant art form of the Pilbara region but are 
known to occur in the Kimberleys in the north to Toodjay in the south. Most 
engravings occur in the open but some are situated in rock shelters. 

CacheS  
It was the custom to hide ceremonial objects in niches and other secluded 
places. The removal of objects from these places, the taking of photographs of 
the places or objects or any other interference with these places is not permitted. 

Ceremonial Grounds 
At some sites the ground has been modified in some way by the removal of 
surface pebbles, or the modeling of the soil, or the digging of pits and trenches. 
In other places there is no noticeable alteration of the ground surface and 
Aborigines familiar with the site must be consulted concerning its location. 

Mythological Sites 
Most sites already described have a place in Aboriginal mytholog,'. In addition 
there are many Aboriginal sites with no man-made features which enable them 
to be recognised. They are often natural features in the landscape linked to the 
Aboriginal account of the formation of the world during the creative 
11Dreaming11  period in the distant past. Many such sites are located at focal 
points in the creative journeys of mythological spirit beings of the Dreaming. 
Such sites can only be identified by the Aboriginal people who are familiar with 
the associated traditions. 





Mr J.Ryder, 
Guelfi Road, 

Balcatta, 
W.A. 6021. 

TO WHOM IT MAY CONCERN, 

To my lqow1edge there are no significant Aboriginal sites in the path of the proposed road 
realignments in the Jurien/Green Head area, as shown on the accompanying map, titled 
"Figure One: Options for the Proposed Route of the Jurien to Green Head Road". 

J.Ryder ............ 	. 	.... .... ..... 	 ............ 

Date............ t.. 	 ..4'.................. 
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REPORT ON AN ARCHAEOLOGICAL SURVEY 

FOR ABORIGINAL SITES 

JURIEN GREEN HEAD ROAD PROJECT 

Prepared by Gary Quartermaine 

ABST RACT 

This Aboriginal site investigation was undertaken for the 
proposed Jurien Green Head Road Project. It was, conducted to 
survey and to record Aboriginal sites within the designated 
survey area so that the proponent can avoid unintentional 
disturbance of Aboriginal sites. 

The archaeological survey involved an investigation of previous 
research in the area, a systematic field survey of the project 
area, and the recording of any archaeological sites located. 

As a result of the archaeological field survey, no previously 
recorded or newly recorded archaeological sites were located on 
or near the survey area. 
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1.0 	INTRODUCTION 

	

1.1 	Background to Survey 

An Aboriginal site survey of the Proposed Jurien Green Head Road 
Project was commissioned by Ecologia on behalf of Main Roads 
Western Australia and executed in June/July, 1994. Gary 
Quartermaine conducted the archaeological component of the 
survey, with Julie Quartermaine as field assistant and Caroline 
Heine as research assistant, in conjunction with Rory O'Connor, 
who undertook the ethnographic investigation, which is reported 
separate 1 y. 

The objective was to conduct an archaeological investigation to 
facilitate planning of the road construction programme. The four 
aspects of the investigation were: 

The assembly of data from previous work in the 
region,including information from W.A. Museum Aboriginal site 
files, previous survey reports,. maps and environmental data. 

A sample survey of the project area. 

An investigation of those areas considered the most likely 
to contain archaeological sites, such as the margins of water 
sources, areas of deflated sand, and rocky outcrops. 

The location and recording of archaeological sites within 
the designated survey area. 

	

1.2 	Location 

The survey area is located inland from the coast between Jurien 
and Green Head. Jurien is 200 kilometres north of Perth (see 
Figure 1). 

The Jurien to Green Head Road Project is a section of the 
Proposed Lancelin to Dongara Coastal Route and involves the 
following components, with approximate lengths 

the Western Alignment - 15 kilometres; 
the Eastern Alignment - 15 kilometres; 
Green Head Section - 12 kilometres; 
Jurien South Section - 5 kilometres; 
Sandy Point Access Roads - 6.5 kilometres; 
Proposed Gravel Pit Access Road - 3.5 kilometres 
(see Figure 2). 

The survey corridor for the alignments was 100 metres in width. 



1.3 	Environment 

The climate of the project area is warm Mediterranean with a dry 
summer and winter rainfall. It lies in the 500mm rainfall zone 
with average summer maximum temperatures in the low 30's (degrees 
Celsius) and winter maximum temperatures around 18 Celsius 
(Beard, 1979:5-6). 

The project area lies in the Perth Basin geological unit. This is 
a deep trough filled with Phanerozoic sedimentary rocks with a 
surface mantle of Quaternary deposits (Playford, et al., 1975). 

The coast is a plain of marine denudation formed when sea levels 
were 100 metres higher than today. This is characterised by a 
limestone platform with a cover of deposited sandy alluvium from 
inland and calcareous beach sand from the sea. Mobile dunes of 
calcareous sand have been deposited over the last 5000 years 
(Beard, 1979:9-11, 22-23). 

There are two Quaternary dune sequences present at this location 
with some shallow salt laKes. The Quindalup System has both fixed 
and mobile dunes of calcareous sands which trend north-south. The 
Spearwood System contains dunes lithified to limestone without 
apparent trend patterns. It contains siliceous and leached sands 
(Beard, 1979:9-11, 22-23). 

The area lies in the Guilderton System of the Darling Botanical 
District and the Cliff Head System of the Irwin Botanical 
District (Beard, 1979:22-23,32-33). 

There are three main plant communities. The sand ridges contain 
thickets of Acacia rostellifera, A. xanthina, Me7a7euca 
cardiophylla, M. huegelli, and Casuarina baxterana. The flats 
have A. 7asiocarpa, M. acerosa and Scaevola sp. The salt lakes 
have samphire on the margins and often a swampy area of teatree 
thickets adjacent with M. huegelii, M. thyroides and M. 
Janceolata around a central expanse of open water (Beard, 
1979:22-23,32-33). 

The project area retains its native vegetation. There is an 
extant network of tracks that have been used to varying degrees, 
others are overgrown but some are still clear. Also present are 
bare areas of drift sand. 
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1.4 	Previous Archaeological Research 

The earliest evidence for prehistoric occupation of the South-
West of Australia is dated at 38,000 years ago, for a stratified 
site at Upper Swan, located 25km northwest of Perth (Pearce and 
Barbetti, 1981). Regional dated evidence comes from a coastal 
shell and stone artefact scatter at Middle Head, near Jurien, 
dated to 6,000 years ago (Morse, 1982), and from human occupation 
of Hastings Cave, dated from 6,000 to 8,000 years ago (Baynes, 
1979). 

Prehistoric stone tool industries in the South-West have been 
classified into earlier and later phases (Dortch, 1977). The 
early phase industries have only been documented from a few well-
dated sites. They include small thick flake scrapers, bipolar 
cores, notched-denticulated pieces, flakes from discoidal cores, 
and single and multi-platform cores. These artefacts have been 
manufactured from a range of lithic materials, including a 
distinctive Eocene fossiliferous chert. It-appears that access to 
this chert was lost after the last marine transgression (Dortch, 
1977; Glover, 1975). 

Later phase stone industries, generally found in archaeological 
contexts dating from 4,000 years ago, include the addition of 
geometric microliths, backed blades, and a variety of adze 
flakes, which are part of the Australian "small tool tradition" 
(Dortch, 1977; Mulvaney, 1975). 

Anderson (1984) has proposed a land-use model for prehistoric 
exploitation of the Swan Coastal Plain, and its hinterland, based 
on regional research into the relative proportions of variously 
sized surface artefact scatters and their associated artefact 
densities. This model suggests that, due to the variation in 
resources available in the three different environmental zones 
investigated, there was more intensive use of the coastal plan 
than either the adjacent forest or open woodland plateau. 

As a result of previous surveys and independent research, five 
Aboriginal sites have been recorded and registered with the W.A. 
Museum proximate to the project area (see Table 1). Four of these 
are shell middens/artefact scatters on the coastline and the 
other is a yam ground, S2343, which is five kilometres to the 
east of the alignments. 

Regional sites include several surface artefact scatters, a 
burial site, a ceremonial site, a quarry, and stone arrangements. 
The artefact scatters are mainly small, low density sites, 
dominated by quartz with some chert and silcrete. Pickering 
(1982) observes that artefacts, for near-coastal inland sites, 
are generally of a small size, irregular morphology and low 
number, based on survey work on the Dampier-Perth gas pipeline 
route (see also O'Connor and Quartermaine, 1987; O'Connor, 
Quartermaine and Bodney, 1989; Quartermaine, 1989 and 1992; and 
O'Connor, 1992). 

From the available information, the following predictions were 
made for the project area. Sites would most likely be small, low 
density artefact scatters situated on eroding watercourse margins 
or shell middens with associated artefacts situated on eroding 
coastal dunes. Quartz appears to form the highest percentage of 
lithic material used, and flakes and chips the main artefact 
types. 
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Information obtained from the ethnographic component of this 
survey (see Part 1) indicates that there is limited Aboriginal 
knowledge of this area. Most prehistoric Aboriginal activity 
would have occurred along the coast from where marine and 
terrestrial resources could be exploited. 

----------------------------------------------------------------- 

TABLE 1 : Previously Recorded Aboriginal Sites near Survey Area 
----------------------------------------------------------------- 

1:250,00 Map ref SH50-9 

WA Museum 	Grid ref 	Site type 
	

Site name 
Site No. 

S2657 0 303.672 
S1003 0 303.672 
S1004 0 307.672 
S0941 0 311.650 
S2343 0 319.657 

Mi dden/artef acts 
Mi dden/artefacts 
Mi dden/artef acts 
Mi dden/artefacts 
Yam ground 

Greenhead Midden 
Greenhead 
Sandland Island 
Middle Head Midden 
Padbury Yam Ground 

0 = Open access to site file information 

Em 



2.0 	ARCHAEOLOGY 

2.1 	Obligations under the Act 

The Western Australian Aboriginal Heritage Act, 1972-1980, makes 
provision 

for the preservation on behalf of the 
community of places and objects customarily used by or 
traditional to the original inhabitants of Australia or 
their descendants, or associated therewith, and for other 
purposes incidental thereto." 

The Act defines the obligations of the community relating to 
sites. 

An archaeological survey is aimed at identifying the effects of 
proposed disturbance of the physical environment on historic and 
pre-historic Aboriginal sites. 

In recognition of the possible significance of this area to 
living Aboriginal people, consultations with Aboriginal people 
identified as having an interest in the area were conducted by 
Rory O'Connor. This is reported separately. 

The consultant is obliged to submit site documentation for any 
newly recorded sites on appropriate forms for registration with 
the W.A. Museum. 

2.2 	Survey Design 

The survey design involved the following stages of operation. 

Background research - this involved familiarisation with 
W.A. Museum site files, survey reports, plus maps and 
environmental information for the area to be surveyed. 
Previously recorded Aboriginal sites, 	registered with the W.A. 
Museum, are listed in Table 1. 

Survey strategy - this consisted of a systematic sample 
survey of the proposed alignments together with an inspection of 
all areas of site potential. 

The field survey work was completed using 1:100,000 topographic 
maps with the alignments marked onto the maps. 

A vehicle was used to drive the length of the alignments and 
inspections were made, on foot, at regular intervals and at any 
potential archaeological site locations, such as water sources, 
deflated sand areas, and rocky outcrops. This enabled a field 
survey of at least 25% of the survey area. The systematic sample 
was based on inspecting 100 metres of every one kilometre, where 
possible. 

Access was possible to most parts of the survey area by vehicle 
or on foot. Visibility was generally not very good because of the 
dense surface vegetation and flooding although this was offset, 
to some extent, by some disturbance and low site potential. The 
disturbance was roads and tracks, and gypsum mining activity. 
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2.3 	Site Definitions 

Aboriginal material culture is based, to a large extent, on non-
durable materials, such as wood, bark, fibre and skins, that have 
a limited life in the archaeological record. Stone tools, 
conversely, remain as often the only evidence of prehistoric 
activity. Bone, either as a tool, as refuse, or as a burial, 
falls somewhere between these extremes. Lofgren (1975:7) 
describes spears, spear-throwers and clubs for men, and digging 
sticks, wooden carrying dishes and grindstones for women, as the 
basic implements of Aboriginal life. 

Therefore, stone artefact sites reflect only one aspect of 
Aboriginal material culture which utilised a wide range of 
materials from the natural environment. 

For the purpose of this investigation, an archaeological site is 
defined as "any place containing traces of past human activity" 
(Fagan, 1980:7). This is manifested in a number of different site 
components which may occur singularly or with one or more of the 
others to form an archaeological site. The most common of these 
are surface - artefact 	scatters, quarries, art sites, stone 
arrangements, rockshelters with evidence of occupation, grinding 
patches, shell middens, burials and marked trees. 

An artefact scatter is recorded as a site if it contains a 
concentration of artefacts in association, three or more in an 
area of one square metre or more. Areas of solitary artefacts, 
called Isolated Finds, are recorded but not reported as 
Aboriginal sites. The average artefact density of a site should 
be more than five times the average density of the background 
scatter for a particular environmental zone in an area (following 
Hiscock and Mitchell, 1991:20; see also Hughes and Quartermaine, 
1992:40). 

The above definition of archaeological sites is a scientific 
definition. The assessment as to whether such sites are covered 
by the provisions of the W.A. Aboriginal Heritage Act, 1972-1980, 
Section 5, is made for the Trustees of the W.A. Museum by the 
Aboriginal Cultural Material Committee. Such assessment is 
undertaken as part of a Section 18 application for site 
disturbance. When sites are discussed in this report, it is in 
the context of the scientific definition and not Section 5 of the 
above Act. 

go 



3.0 	RESULTS 

No archaeological sites were located as a result of an 
archaeological survey of the proposed alignments. The results of 
this investigation, coupled with the ethnographic information, 
indicate that this particular area is unlikely to contain any 
major archaeological sites. 

Dense vegetation over most of the alignments gave a very low 
surface visibility factor. However, those areas of high surface 
visibility, such as sand deflations, provided a measure of 
control, as they were also considered to be of higher 
archaeological site potential. By contrast, the flat sand covered 
limestone plain, which encompassed the majority of the survey 
area, was considered to be of low archaeological site potential. 

The lakes were in the lake full phase following recent rains and 
access was restricted although surface vegetation cover was dense 
around most margins. 

Limestone caves were another potential archaeological site 
location but none were discovered during the sampling strategy. 
These are difficult to find because of the surface vegetation 
cover but it is unlikely that a road would be built on such a 
formation. 

7. 



	

4.0 	CONCLUSIONS 

	

4.1 	Discussion 

The archaeological survey was conducted for the Proposed Jurien 
Green Head Road Project which was commissioned by Ecologia on 
behalf of Main Roads Western Australia. 

The Jurien to Green Head Section of the Proposed Lancelin to 
Dongara Coastal Route involves the following components :- 

1. the Western Alignment; 
1 the EasternAlignment; 

Green Head Section; 
Jurien South Section; 
Sandy Point access roads; 
proposed gravel pit access road. 

The survey area contains a heath/scrub-heath vegetation over a 
sand covered limestone surface. 

The archaeological field survey, following background research, 
was designed to give an even coverage of the proposed alignments. 

Access was possible to most parts of the project area by the use 
of a 4WD vehicle on the various tracks. Visibility was generally 
not good, usually less than 25%, but it was better along the 
tracks, where clearance has prevented a heavier undergrowth, and 
in areas of deflated sand, where no vegetation is present. 

No archaeological sites were located as a result of this 
archaeological investigation and none are expected based on these 
results. The information from the ethnographic survey backs up 
these findings, with the focus of Aboriginal activity in this 
area more on the coastline. 

4.2 Recommendations 

The recommendations which follow are based on field observations 
and investigations of 'previously recorded sites in area. 

No archaeological sites were located as a result of this 
survey and none have been previously recorded on the alignments. 
On the basis of this investigation, none are expected and the 
development may proceed. 

It is pointed out that human interference to Aboriginal sites 
is an offence, unless authorised under the Act, as outlined in 
Section 17 of the W.A. Aboriginal Heritage Act, 1972 - 1980. 
Therefore, it is recommended that the Proponents take adequate 
measures to inform any project personnel of this requirement. 
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APPENDIX I 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE 
ACT 	 1972-1980 

"Report of Findings 
15. Any person who has knowledge of the existence of anything in the nature 
of Aboriginal burial grounds, symbols or objects of sacred, ritual or ceremonial 
significance, cave or rock paintings or engrangs, stone structures or arranged 
stones, carved trees, or of any place or thing to which this Act applied or to 
which this Act might reasonably be suspected to apply shall report its existence 
to the Trustees, or to a police officer, unless he has reasonable cause to believe 
the existence of the thing or place in question to be already known to the 
Trustees. 

Excavation of Aboriginal Sites 
16. (1) Subject to Section 18, the ngt to excavate or to remove any thing from 
an Aboriginal site is reserved to the Trustees. 

(2) The Trustees may authonse the ently upon and excavating of an 
Aboriginal site and the examination or removal of any thing on or under the 
site in such manner and subject to such conditions as they may direct. 

Offences Relating to Aboriginal Sites 
17. Aperson who- 

excavates, destroys, damages, conceals or in any way alters any Aboriginal 
site; or 

in any way alters, damages, removes destroys, conceals, or who deals with 
in a manner not sanctioned by relevant custom, or assumes the possession, 
custody or control of, any olect on or under an Aboriginal site, commits an 
offence unless he is acting with the authonsation of the Trustees under Section 
16 or the consent of the Minister under Section 1 & 

Consent To Certain Uses 
18. (1) For the purposes of this section, the expression "the owner of any land" 
indudes a lessee from the Crown, and the holder of any mining tenement or 
mining privilege, or of any right or privilege under the Petroleum Act 1967, in 
relation to the land. 

(2) Where the owner of any land gives to the Trustees notice in writing that 
he requires to use the land for a purpose which, unless the Minister gives 
his consent under this section, would be likely to result in a breach of Section 17 
in respect of any Aboriginal site that might be on the land, the Trustees shall, as 
soon as they are reasonably able, form an opinion as to whether there is any 
Aboriginal site on the land, evaluate the importance and significance of any 
such site, and submit the notice to the Minister together with their 
recommendation in writing as to whether or not the Minister should consent 
to the use of the land for that purpose, and, where applicable, the extent to 
which and the conditions upon which his consent should be given. 



(3) Where the Trustees submit a notice to the Minister under subsection 
(2) of this section he shall consider their recommendation and having regard to 
the general interest of the community shall either- 

Consent to the use of the land the subject of the notice, or a specified 
part of the land, for the purpose required, subject to such conditions, if any, as 
he may specify; or 

wholly decline to consent to the use of the land the subject of the notice 
for the purpose required, and shall forthwith inform the owner in writing of 
his decision 

(4) Where the owner of any land has given to the Trustees notice 
pursuant to subsection (2) of this section and the Trustees have not submitted it 
with their recommendation to the Minister in accordance with that subsection 
the Minister may require the Trustees to do so within a specified time, or may 
require the Trustees to take such other action as the Minister considers 
necessaiy in order to expedite the matter, and the Trustees shall comply with 
any such requirement. 

(5) Where the owner of any land is aggrieved by a decision of the Minister 
made under subsection (3) of this section he may, within the time and in the 
manner perscribed by rules of court, appeal from the decision of the Minister to 
the Supreme Court which may hear and determine the appeal. 

(6) In determining an appeal under subsection (5) of this section the Judge 
hearing the appeal may confirm or valy the decision of the Minister against 
which the appeal is made or quash the decision and substitute his own decision 
which shall have effect as if it were the decision of the Minister, and may make 
such an order as to the costs of the appeal asheseesfit 

(7) Where the owner of the land gives notice to the Trustees under 
subsection (2) of this section, the Trustees may, if they are satisfied that it is 
practicable to do so, direct the removal of any object to which this Act applies 
from the land to a place of safe custody. 

(8) Where consent has been given under this section to a person to use 
any land for a particular purpose nothing done by or on behalf of that person 
pursuant to, and in accordance with any conditions attached to, the consent 
constitutes an offence against this Act." 



APPENDIX 2 

Notes on the Recognition of Aboriginal Sites 

Them are vanous types of Aboriginal Sites, and these notes have been prepared 
as a guide to the recognition of those sites that may be located in the sulvey 
area 

An Aboriginal Site is defined in the Aboriginal Heritage Act 1972-80 in Section 
Sas 

Any place of importance and significance where persons of Aboriginal 
descent have, or appear to have, left any object, natural or artificial, used for, or 
made for or adapted for use for, any purpose connected with the traditional 
cultural life of the Aboriginal people, past or present; 

Any sacred, ritual or ceremonial site, which is of importance and special 
significance to persons of Aboriginal descent; 

(C) Any place which, in the opinion of the Tn.istees is or was associated with 
the Aboriginal people and which is of historical, anthropological, 
archaeological or ethnographical interest and should be preserved because of its 
importance and significance to the cultural heritage of the state, 

(d) Any place where objects to this Act applies are traditionally stored, or to 
which, under the provisions of this Act, such objects have been taken or 
removed. 

Habitation Sites 
These are commonly found throughout Western Australia and usually contain 
evidence of tool-making, seed grinding and other food processing cooking 
painting engraving or numerous other activities. The archaeological evidence 
for some of these activities is discussed in detail under the appropriate heading 

Habitation sites are usually found near an existing or former water source such 
as gnamma hole, rock pool, spring or soak They are generally in the open, but 
they sometimes occur in shallow rock shelters or caves. It is particulariy 
important that none of these sites be disturbed as the stratified deposits which 
may be found at such sites can yield valuable information about the inhabitants 
when excavated by archaeologists. 

Seed Grinding 
Polished or smoothed areas are sometimes observed on/near horizontal rock 
surfaces. The smooth areas are usually 25cm wide and 40 or 50cm long. They 
are the result of seed gnnding by the Aboriginal women and indicate aspects of 
a past economy. 

Habitation Structures 
Aboriginal people sheltered in simple ephemeral structures, generally 
made of branches and sometimes grass. These sites are rarely preserved for 
more than one occupation period. Occasionally rocks were pushed aside or 
were used to stabilise other building materials. When these rock patterns are 
located they provide evidence of former habitation sites. 



Middens 
When a localised source of shellfish and other foods have been exploited from 
a favoured camping.place, the accumulated ashes, hearth stones, shells, bones 
and other refuse can form mounds at times several metres high and many 
metres in diameter. Occasionally these refuse mounds or middens contain 
stone, shell or bone tools. These are most common near the coast but examples 
on inland lakes and river banks are not unknown. 

Stone Artefact FactoTy Sites 
lieces of rock from which artefacts could be made were often carried to camp 
sites or other places for final production Such sites are usually easily 
recognisable because the manufacturing process produces quantities of flakes 
and waste material which are dearly out of context when compared with the 
surrounding rocks. All rocks found on the sandy coastal plain, for example, 
must have been transported by human agencies. These sites are widely 
distributed throughout the state. 

Quarries 
When outcrops of rock suitable for the manufacture of stone tools were 
quarried by the Aborigines evidence of the flaking and chipping of the source 
material can usually be seen in situ and nearby. Ochre and other mineral 
pigments used in painting rock surfaces, artefacts and body decoration are 
mined from naturally occunng seams, bands and other deposits. This activity 
can sometimes be recognised by the presence of wooden digging sticks or the 
marks made by these implements. 

Mailed Trees 
Occasionally trees are located that have designs in the bark which have been 
incised by Aborigines. Toeholds, to assist the diniber, were sometimes cut into 
the bark and sapwood of trees in the hollow limbs of which possums and other 
athorial animals sheltered Some tree trunks bear scars where sections of bark 
or wood have been removed to make dishes, shields, spearthrowers and other 
wooden artefacts. In some parts of the state wooden platforms were built in 
trees to accomodate a corpse dunng complex rituals following death. 

Burials 
In the north of the state it was formerly the custom to place the bones of the 
dead on a ledge in a cave after certain rituals were completed. The 
bones were wrapped in sheets of bark and the skull placed beside this. In otther 
parts of Western Australia the dead were buried, the burial position varying 
according to the customs of the particular area and time. Natural erosion, or 
mechanical earthmoving equipment occasionally exposes these burial sites. 

Stone Structures 
If one or more stones are found partially buried or wedged into a position 
which is not likely to be the result of natural forces, then it is probable that the 
place is an Aboriginal site and that possibly there are other important sites 
nearby. There are several different types of stone arrangements ranging from 
simple cairns or piles of stones to more elaborate designs. Low weirs which 



trap fish when tides fall are found in coastal areas. Some rivers contain similar 
structures that trap fish against the current. It seems likely that low stone slab 
structures in the south-west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or pits were 
sometimes made to provide a hide or shelter for hunting. 

Elongated rock fragments are occasionally erected as a sign or warning that a 
spedal area is being approached Heaps or alignments of stones may be 
naturalistic or s>bolic representations of animals, people or mythological 
figures. 

Paintings 
These usually occur in rockshelters, caves or other sheltered situations which 
offer a certain degree of protection from the weather. The best known examples 
in Western Australia occur in the Kimberley region but paintings are also 
found throughout most of the State. Several coloured pigments may have 
been used at a site. Stencilling was a common painting technique used 
throughout the state. The negative image of an object was created by spraying 
pigment over the object which was held against a waft 

Engravings 
This term describes designs which have been carved, pecked or pounded into a 
rock surface. They form the predominant art form of the Pilbara region but are 
known to occur in the Kiniberleys in the north to Toodjay in the south. Most 
engravings occur in the open but some are situated in rock shelters. 

Caches  
It was the custom to hide ceremonial objects in niches and other seduded 
places. The removal of objects from these places, the taking of photographs of 
the places or objects or any other interference with these places is not permitted 

Ceremonial Grounds 
At some sites the ground has been modified in some way by the removal of 
surface pebbles, or the modeling of the soil, or the digging of pits and trenches. 
In other places there is no noticeable alteration of the ground surface and 
Aborigines familiar with the site must be consulted concerning its location. 

Mythological Sites 
Most sites already described have a place in Aboriginal mytholo,'. In addition 
there are many Aboriginal sites with no man-made features which enable them 
to be recognised They are often natural features in the landscape linked to the 
Aboriginal account of the formation of the world during the creative 
"Dreaming" period in the distant past. Many such sites are located at focal 
points in the creative journeys of mythological spirit beings of the Dreaming. 
Such sites can only be identified by the Aboriginal people who are familiar with 
the associated traditions. 
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MAIN ROADS WESTERN AUSTRALIA 

SHIRES OF DANDARAGAN AND (OOROW 

COASTAL ROAD 
JURIEN to GREEN HEAD 

BACKGROUND 

The proposed Coastal Road Jurien to Green 
Head is part of a planned coastal route between 
Lancelin and Dongara to service the State's 
growing Central Coast Region. 

Local Government Councils in the Central Coast 
Region have sought the coastal route for a 
number of years to better service the growing 
communities and industry base in the region. 

A Central Coast Planning Strategy has been 
prepared to guide regional growth and 
development and provides for the coastal route 
linking Lancelin and Dongara (see Figure 1). 

Parts of this coastal route already exist or have 
been planned. By improving access between 
towns in the region the route will produce the 
following benefits: 

improved community development; 

better access to and therefore utffisation of 
services and facilities (including commercial 
and administrative functions); 

increased recreational and tourism activity, 
thereby stimulating economic development; 

better management of access to sensitive 
coastal localities; 

reduced travelling times (including those 
times for students attending local schools). 

THE PROJECT 

Present access between Jurien and Green Head 
is via Jurien East, Cockleshell Gully, Coorow - 
Green Head, and Green Head - Leeman Reads, 
a total distance of 57 kilometres. 

A more direct link would reduce travel distance 
between the towns to 28 kilometres and produce 
the following benefits: 

Dongora 

Indian 

Ocean 	 Eneobba 

Leeman 

Green Head 

Jurien 
Oodgingorro 

Cervantes 

' 

COASTAL 	 0 

ROUTE 

-y 
Lancelin 

p 	oGingin 

Figure 1: Coastal route from Lancelin to 
Dongara showing planned route between Jurien 
and Green Head. 

greater social and commercial interaction 
between the communities; 

formalisation of access to the Sandy Point 
- North Head area; 

defmition of the western boundary of the 
Lesueur National Park. 

The Coastal Road Jurien to Green Head is 
planned as a single sealed carriageway 7 metres 
wide with 1 metre unsealed shoulders within a 
100 metre wide Road Reserve. 

Construction of the Coastal Road Jurien to Green 
Head is regarded as a priority and, subject to 
necessary approvals being obtained, is 
programmed to commence in mid-1995. 
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COASTAL ROAD - JURIEN to GREEN HEAD 

The alternatives for improving road access 
between Jurien and Green Head which are 
currently being assessed include upgrading of 
the existing route via Cockleshell Gully Road 
and two options, Western and Eastern 
alignments, for a new direct link between the 
towns (see Figure 2). 

ENVIRONMENTAL APPROVAL 

The area affected by the proposed road has high 
conservation values and environmental 
considerations are therefore very important. 

Upon preliminary assessment the overall 
environmental effects from upgrading the 
existing route and construction of a new link 
on the Western Alignment appear to be similar, 
however, the Western Alignment would produce 
greater benefits to the Jurien, Green Head and 
regional communities. 

Construction of a new road linking Jurien and 
Green Head as proposed by the Shires of 
Dandaragan and Coorow has been referred to 
the Environmental Protection Authority (EPA). 
The EPA has decided to formally assess the 
proposal at Consultative Environmental Review 
(CER) level. The EPA's assessment process is 
ifiustrated in Figure 3. 

The Shires have requested Main Roads Western 
Australia to manage the project and Ecologia 
Environmental Consultants have been 
commissioned to prepare the CER. 

PUBLIC CONSULTATION 

To help in preparing the CER for the proposed 
Coastal Road Jurien to Green Head, wide 
community consultation is sought. 

This brochure is part of the initial consultation 
process, the objective of which is to provide 
opportunities for the community to identify 
issues that need to be considered for the proposed 
project. 

MAIN ROADS 
Western Australia 

Northam Division 
Yilgat-n Avenue 
Northam WA 6401 

If you wish to raise any issues concerning the 
proposed road, please use the enclosed reply paid 
form - please return the form by Friday 15th 
July, 1994. 

There will also be public information displays 
for the project. The displays at the two 
community centres will be manne4 by officers 
from Main Roads, Shires of Dandaragan and 
Coorow, Ecologia Environmental Consultants 
and Department of Planning and Urban 
Development. The displays are to be held at 
the following times: 

Green Head Community Centre: 
9.00 a.m. to noon, 
Saturday 2nd July, 1994; 

Jurien Coimnunity Centre: 
3.00 P.M. to 9.00 p.m., 
Saturday 2nd July, 1994; 

Jurien Public Library: 
normal hours (display will be unmanned). 
Monday 4th July to Friday 8th July, 
1994. 

A further phase of the community consultation 
process prior to finalisation of the CER will occur 
during September. 

Your comments are welcomed - please remember 
the following dates: 

Green Head and Jurien public 
information displays 
9.00 a.m. and 3.00 p.m. respectively, 
Saturday 2nd July, 1994; 

Jurien Public Library information 
display 
4th to 8th of July, 1994; 

Closing date for initial comments on 
proposal 
Friday 15th July, 1994. 

Thank you. 
DEPRTMEN1 OF FWROwMENTAL ?RUTEC 

WFS'l 'IAUA SQUARE 
41 St Cil 	F S rclRAcE, PERTh 

ecologia 
Environmental Consultants 

120 McKenzie Street 
Wembley W.A. 6014 



COASTAL ROAD - JURIEN to GREEN HEAD 

Proposal referred to EPA and level of 
assessment set (CER in this instance) and 
guidelines for assessment issued 

We are here - preparation of the CER 	. Proponents (the two Shires) prepare 
about to commence 	 CER in accordance with EPA's guidelines 

When EPA satisfied that the CER adequately 
addresses relevant environmental issues, 
documents are released for public review 
(4 week review period) 

The EPA assesses the proposal based on the 
CER, public comments and the proponents 
response to issues raised in the comments, 
and reports its findings to Hon. Minister for 
the Environment 

Public review period - proponents conduct 
public information display; public considers 
proposal as documented in the CER and 
makes comments directly to the EPA 

EPA seeks response from the proponents to 
issues raised in public comments 

Minister releases EPA's report, and public 
(including proponents) can appeal to the 
Minister (2 week appeal period from date of 
release) if not satisfied with EPA's assessment 

If any appeals are lodged, Minister determines 	If no appeals are lodged, Minister proceeds to 
these before making a final decision on the 	make a final decision on the proposal 
proposal 	 I 

If regarded as environmentally unacceptable, 
environmental clearance for the proposal will 
not be granted 

If regarded as environmentally acceptable, 
Minister sets legally binding conditions (based 
on EPA's recommendations and liaison with 
decision-making authorities) under which the 
proposal can proceed 

Proposal can then proceed subject to any 
other necessary approvals being granted 

Figure3: The Environmental Protection Authority's assessment process. 



MAIN ROADS WESTERN AUSTRALIA 

SHIRES OF DANI)ARAGAN AND COOROW 

COASTAL ROAD 
JURIEN to GREEN HEAD 

INTRODUCTION 

As a result of the previous information mailout 
and the public information displays in Jurien 
and Green Head, more than 150 public 
submissions on the proposed Coastal Road 
between Jurien and Green Head have been 
received. 

The majority of submissions favoured 
construction of the route on the Western 
Alignment, although there was some support 
for the Eastern Alignment and three 
submissions expressed a preference for 
upgrading the existing route between Jurien 
and Green Head via Cockleshell Gully Road. 

Figure 1 shows the preferred route option of 
the Western Alignment. 

ISSUES RAISED 

In addition to expressing preferences as outhned, 
the submissions raised the following issues: 

location of the route closer to the coast to 
provide ocean views; 

the intrusion of the Western Alignment on 
a Nature Reserve; 

concern regarding the sourcing of 
construction materials; and 

the southern access road from the proposed 
Coastal Road into Green Head. 

These issues are addressed hereunder. 

Location of the Route To Provide 
Ocean Views 

Locating the route closer to the coast would not 
obtain ocean views due to the intervening large 
foredune system. These dunes obstruct views of 
the ocean. The proposed Western Alignment may 
provide opportunities for ocean views by 
traversing higher ground. 

Other disadvantages arising from a route too 
close to the coast include: 

development and recreational pressures on 
environmentally sensitive coastal environs; 

greater difficulties in managing access 
through the dune formations; 

diminished landscape quality and general 
amenity; and 

reduction of future planning and 
management options. 

A stable elevated site, well suited for 
development as a scenic lookout, has been 
identified adjacent to the Western Alignment 
(see Figure 1). Commanding views in all 
directions are available from this site and it 
will be developed as part of the proposed Coastal 
Road Jurien to Green Head. 

Intrusion Of Western Alignment On 
Nature Reserve 

The Western Alignment does traverse the 
central portion of the Beekeepers Reserve 
(#24496) which is vested in the National Parks 
and Nature Conservation Authority (NPNCA) 
for the purposes of Flora Protection. 

The vegetation associations occurring within 
Beekeepers Reserve are more widespread and 
less environmentally sensitive than those 
occurring within the area traversed by the 
Eastern Alignment. 

In addition the Western Alignment affords the 
potential for rationalisation of conservation 
boundaries such that the more environmentally 
sensitive areas to the east would be included 
within a dedicated conservation reserve or 
National Park 
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Figure 1: The proposed route of the Coastal Road - Jurien to Green Head via the 
Western Alignment. 



Sourcing of Construction Materials 

It has been envisaged that construction 
materials would be obtained from within 
established farm land to avoid disturbance of 
natural areas. However concerns have been 
expressed regarding the sourcing of fill material 
due to: 

introduction of weed species and possibly 
dieback through importation of 
contaminated material; 

difficulty in rehabifitating exposed pasture 
land; and 

intrusion upon established farming 
operations. 

As a response to these concerns it was suggested 
that more localised sources of construction fill 
material, from within Crown Land along the 
preferred route alignment, should also be 
investigated. 

As part of the continuing investigations into 
the availability of construction materials, Main 
Roads Western Australia will examine the 
possibility of utilising localised sources as 
suggested in consultation with the 
Environmental Protection Authority (EPA) and 
Department of Conservation and Land 
Management (CALM). 

Southern Access To Green Head 

In the material presented in the public 
information displays the alignment of the 
southern access road was shown as parallel to 
and approximately 60 metres north of Mitchell 
Road. Based on public perceptions about the 
volume and type of traffic likely to use the access 
road, this alignment generated concern over 
potential impacts on the existing nearby 
residential area. 

In response to the concern expressed, an 
alternative alignment for the southern access 
road into Green Head has been identified by 
the Shire of Coorow (see Figures 2 and 3). 

The Shire of Coorow will conduct a public 
meeting in the Green Head Community Centre 
on Tuesday 23rd of August 1994 commencing 
at 2.00 p.m. to resolve this matter. 

PREFERRED OPTION 

Based on the environmental investigations that 
have been undertaken, the level of support for 
the Western Alignment indicated in the 
submissions received and consideration of 
particular issues raised in the submissions (as 
outhned above), the Western Alignment has 
been adopted as the preferred route option for 
the proposed coastal road between Jurien and 
Green Head. 

The forthcoming Consultative Environmental 
Review (CER) for the project will reflect the 
Western Alignment as the preferred option while 
assessing all three nominated options. 

It is anticipated that the CER will be released 
for public review and comment during 
November, 1994, to assist the community in 
considering the proposed coastal route and 
lodging submissions with the EPA on the 
proposal. 

Your comments regarding the proposed project 
have been most welcome. Please remember the 
following date for the public meeting to resolve 
the alignment of the southern access into Green 
Head: 

Shire of Coorow Public Meeting 
Green Head Community Centre 
Tuesday 23rd of August 1994 
commencing at 2.00 p.m. 

Thank you. 
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