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Executive Summary 

Z1Z Resorts Pty Ltd (Z1Z) is proposing to redevelop the former Ningaloo Lighthouse Caravan Park, on 
Lot 2 and Lot 557 Yardie Creek Road, North West Cape.  The proposed redevelopment, the Ningaloo 
Lighthouse Resort Project (the Proposal), is located approximately 18 km north west of the town of 
Exmouth towards the northern tip of the Cape Range peninsula. 

Proposal Overview 

A summary of the Proposal is provided in Table ES1. 

Table ES1: Summary of the Proposal 

Subject Detail 

Proposal title Ningaloo Lighthouse Resort Project, Yardie Creek Road, North West Cape 

Proponent 
name 

Z1Z Resorts Pty Ltd 

Short 
description 

Proposed redevelopment of the Ningaloo Lighthouse Holiday Park , within Lot 2 and Lot 557 Yardie Creek 
Road, North West Cape, and includes associated infrastructure (including the borefield). 

The Proposal comprises the following elements: 

• Construction of new visitor accommodation; 

• Construction of associated ancillary facilities, including staff accommodation, power supply 
infrastructure , water supply and treatment, wastewater treatment and reuse, replacement 
service station (vehicle refuelling).  

• Refurbishment of the Vlamingh Head Lighthouse Quarters (part of State Heritage Place 
No. 00837); and 

• Minor works outside of the accommodation areas, including pathways, vehicle access, shade 
structures and service corridors and enclosures. 

The key proposal characteristics of the Proposal summarised in Table ES2. 

Table ES2: Location and Proposed Extent of Physical and Operational Elements 
Element Location Proposed extent 

Physical elements 

Resort and caravan park facilities and 
associated service infrastructure 

Figure 2.2 Clearing of up to 3.98 ha of native 
vegetation within a Development 
Envelope of 45.34 ha 

Operational Elements 

Groundwater Abstraction Figure 2.3 Abstraction of up to 77 GL/a  
 

Preliminary Key Environmental Factors 

The key preliminary environmental factors relevant to the Proposal are: 

• Flora and vegetation; 

• Terrestrial fauna; 

• Subterranean Fauna; 

• Marine Fauna (Turtles) 

• Inland Waters; and 

• Social Surrounds; 

The potential  impacts identified for each key environmental factor are summarised in Table ES3, with 
details of the proposed management measures and outcomes.  
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Table ES3: Summary of Potential Impacts, Proposed Mitigation and Outcomes 

Key Environmental Factor: Flora and Vegetation 

EPA Objective 
To protect flora and vegetation so that biological diversity and ecological integrity are 
maintained. 

Policy and Guidance • Environmental Factor Guideline: Flora and Vegetation (EPA 2016a) 

• Technical Guidance – Flora and Vegetation Surveys for Environmental Impact 
Assessment (EPA 2016b) 

• Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 

Potential Impacts • Direct loss of 3.98 ha of native vegetation resulting from clearing and ground 
disturbance. 

• Direct loss of 19 individuals of Priority 3 species Stackhousia umbellate, which 
represents 0.16% of the known local population with 640 individuals recorded within 
the wider area. 

• Indirect impacts to adjacent native vegetation, resulting in habitat loss, degradation 
and fragmentation, as a result of the project. Contributing factors may include the 
spread of invasive species (weeds); and altered fire regimes. 

Mitigation  
Minimise 

• Planning and design of buildings and associated infrastructure and tracks to utilise all 
the existing disturbed areas, to limit the amount of clearing required for new 
facilities. 

• Minimising risk of human sources of bushfire ignition by managing vegetation fuel 
loads within the Development Envelope particularly in the vicinity of power network 
and fuel service station and providing designated smoking areas and butt bins 
throughout the facility.  

• Minimise fire risk through landscaping with low-threat and managed gardens, 
planted sparsely enough to achieve exclusion in accordance with AS 3959—2018 
Construction of Buildings in Bushfire-Prone Areas (AS 3959; SA 2018). 

• Active weed management throughout the Proposal development and subsequent 
operation (e.g. spraying, removal). In particular, the planted invasive species, 
*Tamarix aphylla are proposed to be removed part of the redevelopment and 
replaced with native vegetation.  

• Management of visitor access through dunes to the beach adjacent to the Proposal 
(responsibility of the Shire of Exmouth) to be assisted by designing the foreshore 
access track within the Proposal DE as a formal pathway to discourage uncontrolled 
access through the coastal dunes. 

Rehabilitate 

• Revegetation of cleared and degraded areas through  landscaping around the 
development, utilising native grassland and shrub mixes and sparse trees, to mimic 
the surrounding hummock grassland and dune vegetation found currently 
surrounding the site.  

Outcomes 
Residual Impact 
The Proposal  will result in: 

• Clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned for 
tourist development under the Shire of Exmouth’s Local Planning Scheme.   

• Direct loss of 19 individuals of Priority 3 species Stackhousia umbellate, which 
represents 0.16% of the known local population with 640 individuals recorded within 
the wider area. 

No direct or indirect impacts to Conservation Reserves will occur. 
The clearing required for the Proposal is not considered to have significant residual 
impacts at either a local or regional scale and therefore the EPA objective for Flora and 
Vegetation can be met for this Proposal. 
Offsets 
No offsets are proposed. 

Key Environmental Factor: 
Terrestrial Fauna 

EPA Objective 
To protect terrestrial fauna so that biological diversity and ecological integrity are 
maintained. 
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Policy and Guidance • Environmental Factor Guideline: Terrestrial Fauna (EPA, 2016c) 

• Technical Guidance – Terrestrial Fauna Surveys (EPA, 2016d) 

• Technical Guidance – Sampling Methods for Terrestrial Vertebrate Fauna (EPA, 
2016e) 

• Technical Guidance – Sampling of short range endemic invertebrate Fauna (EPA, 
2016f) 

• Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 

Potential Impacts • Direct loss of 3.98 ha of native vegetation and fauna habitat, resulting from clearing 
and ground disturbance; 

• Direct loss of fauna or SRE individuals through impacts resulting from ground 
disturbance and machinery or vehicle movements; 

• Indirect impacts, including loss of habitat, habitat degradation and fragmentation 
resulting from a range of factors, including altered fire regimes, weeds and climate 
change; and 

• Invasive species predation on, and competition with, native species and destruction 
of habitat. 

Mitigation  
Minimise 

• Planning and design of buildings and associated infrastructure and tracks to utilise all 
the existing disturbed areas, to limit the amount of clearing required for new 
facilities. 

• Minimising risk of human sources of bushfire ignition by managing vegetation fuel 
loads within the Development Envelope particularly in the vicinity of power network 
and fuel service station and providing designated smoking areas and butt bins 
throughout the facility.  

• Minimise fire risk through landscaping with low-threat and managed gardens, 
planted sparsely enough to achieve exclusion in accordance with AS 3959—2018 
Construction of Buildings in Bushfire-Prone Areas (AS 3959; SA 2018). 

• Active weed management throughout the Proposal development and subsequent 
operation (e.g. spraying, removal). In particular, the planted invasive species, 
*Tamarix aphylla are proposed to be removed part of the redevelopment and 
replaced with native vegetation.  

• Implement speed restrictions in and around the Proposal, within aeras of the 
Proponent’s control, both during construction and operations. 

• Active pest management (baiting for rats and mice). 

• Implement good waste management practices, including ensuring all waste materials 
are appropriately segregated and stored in bins or other containers with lids, to 
prevent windblown waste and access by fauna. 

Rehabilitate 

• Revegetation of cleared and degraded areas through  landscaping around the 
development, utilising native grassland and shrub mixes and sparse trees, to mimic 
the surrounding hummock grassland and dune vegetation found currently 
surrounding the site.  

Outcomes 
Residual Impact 
The Proposal  will result in: 

• The clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned 
for tourist development under the Shire of Exmouth’s Local Planning Scheme;   

• The loss of 3.28 ha of Dune swale habitat, representing 18.31 % of this habitat type 
within the survey area. Coastal dune habitats are widespread along the coastline, 
and not restricted in extent.  This habitat type is represented in nearby Conservation 
estate; and 

• The  loss of 0.70 ha of Rocky hills and slope habitat, representing 1.48 % of this 
habitat type within the survey area. The limestone Cape Range provides the most 
prominent habitat types within the survey area, and is also represented in the Cape 
Range National Park. 

• The loss of 0.002 ha of Sheltered Gullies and Minor Caves habitat, representing 
0.017% of this habitat type within the survey area and is associated with an existing 
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walking track. This habitat type is well represented within the Cape Range National 
Park and surrounding areas of Cape Range. 

No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey 
area.  
The clearing required for the Proposal and associated habitat loss and indirect impacts, 
are not considered to  have  significant residual impacts at either a local or regional scale 
and therefore the objectives for Terrestrial Fauna can be met. 
Offsets 
No offsets are proposed. 

Key Environmental Factor: 
Subterranean Fauna 

EPA Objective 
To protect subterranean fauna so that biological diversity and ecological integrity are 
maintained. 
 

Policy and Guidance • Environmental Factor Guideline: Subterranean Fauna (EPA 2016g) 

• Technical Guidance: Subterranean fauna survey (EPA 2016h) 

• Technical Guidance: Sampling methods for subterranean fauna (EPA 2016i) 

• A review of subterranean fauna assessment in Western Australia (EPA 2012) 

• Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 

Potential Impacts • Direct impacts of groundwater drawdown. 

• Indirect impacts associated with changes in water quality, such as alteration to 
nutrient balance and contamination; resulting from development and operational 
activities.  

Mitigation  
Avoid 

• The production water bores have been designed for groundwater sipping, and as 
such are only screened over the first 3 m below the water table, and will not intercept 
the salt water interface. 

Minimise 

• Groundwater abstraction will be undertaken in accordance with Groundwater 
Licence issued under the RIWI Act with consideration of the Exmouth Groundwater 
Subarea Allocation Plan.  

• Treated wastewater irrigation will be assessed by DWER under Part V of the EP Act 
and will need to meet appropriate water quality standards to meet both 
environmental and health requirements.  

• Positioning accommodation buildings in the hillside contours on stilts and using 
raised boardwalks , reduces total cut volumes while minimising impact to existing 
landforms and maintains overland water flow. 

• Stormwater drainage collected from new roads and building developments will be 
disposed of by means of infiltration via swales, both roadside and natural, 
throughout the site, maintain availability of runoff for groundwater infiltration. 

Outcomes 
Residual Impact 

The proposed groundwater abstraction will result in a potential reduction of stygofauna 
habitat within the borefield in the order of 0.5% as a result of drawdown. Increased 
salinity is likely to be seasonal and limited to existing salinity ranges in which stygofauna 
in the vicinity of the Proposal are known to occur.  

The Proposal will result in irrigation of treated wastewater with a concentration of 
nitrogen as nitrate concentration of <6 mg/L.  The Nitrogen will pass through to the water 
table except to the extent it is taken up by plant roots, resulting in a discharge to the 
groundwater substantially lower than around the old Exmouth WWTP.  A survey of 
stygofauna occurrence in relation to nutrient levels at the old Exmouth WWTP suggested 
that nitrogen concentrations had little effect, if any, on stygofauna at concentrations of 
15 mg/L. 

The low number of stygofauna species in the borefield is considered likely the result of 
the watertable in the borefield being deep (30-50 mbgl) and the borefield aquifer being 
in Tulki limestone that consists mostly of weakly cemented sand, rather than containing 
caverns (Bennelongia 2020). The listed stygofauna species that may occur in the borefield 
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all have wide ranges on the peninsula, and it is unlikely that any species would have a 
range restricted to the vicinity of the borefield.  

Only one stygofauna species, the copepod Parastenocaris `BHA286`, has currently not 
been collected outside of the borefield. There is an extensive area of similar habitat to the 
north, south and east of the borefield. Accordingly, the threat from proposed borefield 
operations to Parastenocaris `BHA286` and, more generally, to stygofauna conservation 
values in the Project area is considered to be low. 

Overall the effect of groundwater abstraction and treated wastewater irrigation on 
subterranean fauna conservation values is considered to be low with no predicted 
significant residual impact. The residual impacts are not significant and the EPA objective 
for Subterranean Fauna can be met for this Proposal. 

Offsets 
No offsets are proposed. 

Key Environmental Factor: 
Marine Fauna 

EPA Objective 
To protect marine fauna so that biological diversity and ecological integrity are 
maintained. 
 

Policy and Guidance • Statement of Environmental Principles, Factors and Objectives (EPA 2020) 

• Environmental Factor Guideline: Marine Fauna (EPA 2016j) 

• Environmental Assessment Guideline for Protecting Marine Turtles from Light 
Impacts (EPA 2010) 

• Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 

• National Light Pollution Guidelines for Wildlife Including Marine Turtles, Seabirds and 
Migratory Shorebirds, Commonwealth of Australia 2020 

• Recovery Plan for Marine Turtles in Australia, Commonwealth of Australia 2017 

Potential Impacts • Indirect impact of lighting from the Proposal on turtle nesting and hatchling 
behaviour on the adjacent beach. 

• Indirect impact of tourists from the resort interacting with marine turtles at the 
adjacent nesting beach.  

Mitigation  
Minimise 

• Update the ALAMP with the field benchmark and modelling work program to support 
the final project design and inform any necessary changes to final lighting options. 

• Implement lighting design for the project based around Best Practice Lighting 
Principles which will reduce the light emissions to as low as reasonably practicable: 

o Use minimum number and intensity of light, 
o Adapt lighting for colour, intensity and timing, 
o Light only the area intended. 
o Use non-reflective, dark coloured surfaces.  

• Implement the ALAMP, including 
o Implementation of the control measures specified in the plan, wherever 

practicable 
o Undertake marine turtle hatchling and artificial lighting monitoring during 

construction and operations to monitor any changes in hatchling behaviour 
that could be attributed to the change in lighting conditions associated 
with the project, compared to the 2021 benchmark data. 

o Undertake at least one audit recommended in the plan. 
o Implement adaptative management measures in the event that annual 

monitoring identifies lighting impacts on hatchlings as a result of the 
Proposal.  

• Provide formalised beach access points to connect with existing beach access trails 
in consultation with the Shire of Exmouth and DBCA in whom the adjacent coastal 
area of Jurabi Coastal Park is jointly vested. 

Outcomes 
Residual Impact 

There is a pathway for light pollution from the Proposal  to decrease the quality of nesting 
habitat. If uncontrolled, night-time lighting could lead to disorientation of hatchling turtles 
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on the beach which could result in consistent annual mortality and, in the long-term, a 
potential decrease in the overall size of the population. 

However, lighting design for the project will be based around Best Practice Lighting 
Principles which will reduce the light emissions to as low as reasonably practicable. The 
proposed control measures within the ALAMP will aim to ensure no direct light is detected 
at nesting beaches and skyglow will be minimised. Should any changes in turtle nesting 
and hatchling behaviour be detected before and after construction, and throughout 
operation, adaptive management will identify and rectify changes to nesting habitat so 
that the marine turtle populations are not impacted. 

Similarly, with the implementation of the proposed control measures, the impact of light 
pollution on nesting and hatchling emergence behaviour is unlikely to significantly affect 
the marine turtle populations in the long term. Furthermore, the implementation of 
monitoring and adaptive management will prevent long term impacts on nesting and 
hatchling emergence behaviour. Accordingly, the project is not expected to interfere with 
the recovery of the genetic stocks. 

The implementation of the Project will result in an improved outcome with respect to 
access to the beach in front of the resort, assisting in limiting uncontrolled access and 
controlling night lighting of the access, through dunes and onto the nesting beach. There 
is also the opportunity to assist in education of visitors to the Resort regarding the 
conservation values of both the immediate and broader surrounding.  
 
The residual impacts are not significant and the EPA objective for Marine Fauna can be 
met for this Proposal. 
 
Offsets 
No offsets are proposed. 

Key Environmental Factor: 
Inland Water 

EPA Objective 
To maintain the hydrological regimes and quality of groundwater and surface water so 
that environmental values are protected. 

Policy and Guidance 
Environmental Factors Guideline: Inland Waters (EPA 2018) 
Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 
Operational Policy No. 5.12 (DWER, 2009) 

Potential Impacts • Direct impacts on groundwater availability as a result of abstraction resulting in 
lowered groundwater table, including potential impacts to subterranean fauna 
habitat. 

• Direct impacts on groundwater quality (salinity) as a result of abstraction. 

• Indirect impacts of Proposal activities to groundwater quality, as a result of 
infiltration of contaminants from treated wastewater irrigation and fuel storage and 
vehicle fuel station or contaminated stormwater runoff. 

• Changes to surface water flow into the surrounding environment as a result of site 
infrastructure 

Mitigation  
Avoid 

• The production water bores have been designed for groundwater sipping, and as 
such are only screened over the first 3 m below the water table, and will not intercept 
the salt water interface which is at least 10 metres below the base of the production 
bore screens (this is conservative considering that the pilot hole drilling results show 
that the salt water interface is at least 15 m below the base of the bores). 

Minimise 
Groundwater Abstraction 

• Groundwater abstraction is being undertaken in accordance with groundwater 
licence(s) (GWL) issued in accordance with the Right in Water and Irrigation Act 
1914 and the associated groundwater licence operating strategy. The application 
for increased abstraction licence will be assessed and granted by DWER in 
consideration of the Exmouth Groundwater Subarea Allocation Plan.  

• Borefield design characteristics that minimise the impact of the borefield include: 
o The production water bores have been designed for groundwater sipping, 

and as such are only screened over the first 3 m below the water table. 
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o All production bores would be continuously pumped at 0.5 L/sec through 
the tourist season. 

Groundwater Quality 

• The proposed wastewater treatment system is designed to remove nutrients and 
pathogens within the wastewater, suitable for site irrigation in accordance with the 
requirements of DWER and Department of Health.  The assessment, approval and 
management of the wastewater treatment system will be undertaken under Part V  
of the EP Act by DWER and under relevant Health Act requirements, administered by 
the Shire of Exmouth. 

• These existing lined evaporation ponds will be retained for additional storage 
capacity of treated wastewater in the event irrigation is not possible (e.g. extreme 
rainfall conditions).  

• Chemical storage within the wastewater treatment plant will be bunded in 
accordance with AS3780-2000.  

• Fuel storage will be required to be compliant with the Dangerous Goods Act and 
relevant legislation and AS1940, e.g. above ground storage to be bunded and 
underground storage to be in appropriate double skinned tanks with leak detection 
capability.  

Surface Water 

• Positioning accommodation buildings in the hillside contours on stilts and 
locating access ways and nature trails, reduces total cut volumes while 
minimising impact to existing landforms and maintains overland water flow. 

• Raised boardwalk will not only promote migration of surrounding dune 
vegetation into the resort, but will also enable surface flow paths to be 
maintained.  

• The low-density nature of the development and the highly permeable sand and 
significant depth to groundwater at the site allow for development to occur with 
minimal need for constructed stormwater management infrastructure. 
Stormwater drainage collected from new roads and building developments will 
be disposed of by means of infiltration via swales, both roadside and natural, 
throughout the site. 

Outcomes 
Residual Impact 
The Proposal will result in: 

• The increased licensed maximum abstraction of groundwater from 32,000 kL/year 
from the Gascoyne Saline Resource to 72,000 kL (approved via GWL 153728(7)). 

• A predicted  drawdown impact, that is extending up to 370 m from the borefield, 
with the highest drawdown in each production bore ranging from 0.4 to 0.6 m. 

• Irrigation of tertiary treated wastewater to landscaped areas of the Proposal. 

• Minimal change to existing landforms for construction.  
 
The risk of adverse impacts on groundwater availability for other users and ecological 
function of the subterranean waterways is negligible due to the minor extent of predicted 
drawdown and separation distances respectively (at least 5km from other production 
bores and similar distance from the Cape Range Subterranean Waterways).  
The risk of contamination of groundwater or stormwater from site activities, given the 
proposed wastewater treatment method, and site management measures, is considered 
low. 
 
Overall, the proposed groundwater abstraction and Proposal activities that may impact 
on surface water flow and quality; and groundwater quality, are not considered to have a 
significant residual impact at either a local or regional scale. The Proponent considers 
therefore that the objectives for Inland Waters can be met. 
 
Offsets 
No offsets are proposed. 

Key Environmental Factor: 
Social Surrounds 

EPA Objective 
To protect social surroundings from significant harm 

 

Policy and Guidance • Environmental Factor Guideline Social Surroundings (EPA 2016k) 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 ix 

• Section 16 (e): EPA Strategic Advice on Exmouth Gulf, Summary of Public Submissions 
(EPA 2021b) 

Potential Impacts - Aboriginal 
Heritage and Culture 

 

Direct Impacts 

• Works proposed for Lot 2 lie within the registered  Aboriginal site DPLH 10381 
Vlamingh Head (Figure 5.23). 

• Continued vehicle access to site Section 91 Water Bores Avoidance Area One. 
Indirect Impacts  

• Increased visitor traffic to the area resulting in indirect disturbance to sites. 

• Groundwater abstraction impacting on ethnographic values. 

Mitigation – Aboriginal 
Heritage and Culture 

 

Avoid 

• The Sensitive Dune Area site within Lot 557 will be avoided and will not be impacted 
by the Proposal. Tourists will be encouraged away from the landform with use of 
alternative pathways. 

• The Section 91 Water Bores Avoidance Area One site will be avoided by deviation of 
the access track to the east, as shown in Figure 5.23. The old track will be blocked to 
prevent further vehicle access. 

Minimise 

• The Proponent has received consent under section 18 (s18) of the AH Act (Reference: 
69-21438)  to use Lot 2 for the Purpose being:  

Ningaloo Lighthouse Holiday Park redevelopment. To facilitate a planned 
redevelopment of the existing Ningaloo Lighthouse Holiday Park. This will 
include demolition of most of the existing facilities and then development of a 
mix of hotel rooms, villas, cabins, camping grounds and caravan facilities in a 
resort style setting, with associated functions spaces and boat wash down areas. 
A dedicated site for group camping activities is also planned, along with a future 
Stage 2 development that would include additional short stay/tourist 
accommodation. 

• Limit disturbance within Lot 2 to the area approved under the s18 consent to 
minimise disturbance to the Vlamingh Head site (Figure 5.24).  

• Implementation of a Cultural Heritage Management Plan (CHMP), the purpose of 
which is to provide a framework for the management of any Aboriginal heritage sites 
and values within the Proposal area. The Proponent, while not required to prepare a 
CHMP, have prepared the plan provided in Appendix G on the basis of the 
recommendations of the YMAC heritage survey reports (2020a, 2020b) and in 
accordance with a best practice approach.  

• Design and install access ways leading away from the Vlamingh Head site to ensure 
that tourist activity is directed away from this area and that respect for the spiritual 
values of the cape are encouraged. 

• Maintain ongoing communication with the Aboriginal Stakeholder group (identified 
in Section 5.6.5) and consult in relation to the management of identified Aboriginal 
heritage sites and places. 

Rehabilitation 

• As the new alignment of the borefield access track becomes the preferred track then 
the sand plain and vegetation should reclaim the area of the site that is within the 
track. YMAC (2020b) note that the area of the track within the site should not be 
subject to rehabilitation efforts as this will cause more disturbance. 

Potential Impacts – National 
Heritage 

Direct  Impacts 

• Clearing of up to 3.98 ha of native vegetation and associated terrestrial faunal 
habitat. 

• Direct loss of fauna or SRE individuals through impacts resulting from ground 
disturbance and machinery or vehicle movements. 

• Groundwater abstraction resulting in lowered groundwater table, including 
potential impacts to subterranean fauna habitat. 

• Increased salinity of groundwater as a result of abstraction. 
Indirect impacts  

• Reduced groundwater quality, as a result of infiltration of contaminants from treated 
wastewater irrigation and fuel storage and vehicle fuel station or contaminated 
stormwater runoff. 
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• Indirect impacts to adjacent native vegetation, resulting in habitat loss, degradation 
and fragmentation, as a result of the spread of invasive species (weeds). 

• Invasive species predation on, and competition with, native species and destruction 
of habitat. 

• Increasing and unmanaged visitation and associated pressures coastal and terrestrial 
habitats. 

Potential Impacts – Historic 
Heritage 

• Potential to reduce the reading of the quarters as a duplex and residence through 
loss of spatial integrity due to demolition of internal dividing elements. 

Mitigation – Aboriginal 
Heritage and Culture 

Avoid 

• The Sensitive Dune Area site within Lot 557 will be avoided and will not be impacted 
by the Proposal. Tourists will be encouraged away from the landform with use of 
alternative pathways. 

• The Section 91 Water Bores Avoidance Area One site will be avoided by deviation of 
the access track to the east, as shown in Figure 5.23. The old track will be blocked to 
prevent further vehicle access. 

Minimise 

• The Proponent has received consent under section 18 (s18) of the AH Act (Reference: 
69-21438)  to use Lot 2 for the Purpose being:  

Ningaloo Lighthouse Holiday Park redevelopment. To facilitate a planned 
redevelopment of the existing Ningaloo Lighthouse Holiday Park. This will 
include demolition of most of the existing facilities and then development of a 
mix of hotel rooms, villas, cabins, camping grounds and caravan facilities in a 
resort style setting, with associated functions spaces and boat wash down areas. 
A dedicated site for group camping activities is also planned, along with a future 
Stage 2 development that would include additional short stay/tourist 
accommodation. 

• Limit disturbance within Lot 2 to the area approved under the s18 consent to 
minimise disturbance to the Vlamingh Head site (Figure 5.24).  

• Implementation of a Cultural Heritage Management Plan (CHMP), the purpose of 
which is to provide a framework for the management of any Aboriginal heritage sites 
and values within the Proposal area. The Proponent, while not required to prepare a 
CHMP, have prepared the plan provided in Appendix G on the basis of the 
recommendations of the YMAC heritage survey reports (2020a, 2020b) and in 
accordance with a best practice approach.  

• Design and install access ways leading away from the Vlamingh Head site to ensure 
that tourist activity is directed away from this area and that respect for the spiritual 
values of the cape are encouraged. 

• Maintain ongoing communication with the Aboriginal Stakeholder group (identified 
in Section 5.6.5) and consult in relation to the management of identified Aboriginal 
heritage sites and places. 

Rehabilitation 

• As the new alignment of the borefield access track becomes the preferred track then 
the sand plain and vegetation should reclaim the area of the site that is within the 
track. YMAC (2020b) note that the area of the track within the site should not be 
subject to rehabilitation efforts as this will cause more disturbance. 

Mitigation – National Heritage 
Avoid 

• Groundwater bores designed to limit abstraction to first 3m below the water table 
and will not intercept the saltwater interface (at least 10 below the base of the 
bores). 

• The Sensitive Dune Area site within Lot 557 will be avoided and will not be impacted 
by the Proposal. Tourists will be encouraged away from the landform with use of 
alternative pathways. 

• The Section 91 Water Bores Avoidance Area One site will be avoided by deviation of 
the access track to the east, as shown in Figure 5.23. The old track will be blocked to 
prevent further vehicle access. 

Minimise 

• Abstraction undertaken in accordance with RIWI Act Groundwater Licence. 
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• Bores for groundwater sipping, and as such are only screened over the first 3 m below 
the water table. 

• Wastewater treated to tertiary quality prior to irrigation. 

• Chemical and fuels to be stored in accordance with appropriate Australian Standards.  

• Planning and design of buildings and associated infrastructure and tracks to utilise all 
the existing disturbed areas, to limit the amount of clearing required for new 
facilities. 

• Implement speed restrictions in and around the Proposal, within aeras of the 
Proponent’s control, both during construction and operations. 

• Active weed management throughout the Proposal development and subsequent 
operation (e.g. spraying, removal). 

• Active pest management (e.g. baiting for rats, mice) 

• Implement good waste management practices, including ensuring all waste materials 
are appropriately segregated and stored in bins or other containers with lids, to 
prevent windblown waste and access by fauna. 

• Visitor access through dunes adjacent to the Proposal to be managed by designing 
the foreshore access track as a formal pathway to discourage access through the 
coastal dunes. 

• Site disturbance on Lot 2 in accordance with the Section 18 Consent. 

• Implementation of the Cultural Heritage Management Plan, including ongoing 
communication with Aboriginal stakeholders. 

• Visitor access managed by designing the access track as a formal pathway away from 
Aboriginal heritage locations discourage access through the sites. 

Rehabilitate 

• Revegetation of cleared and degraded areas through  landscaping around the 
development, utilising native grassland and shrub mixes and sparse trees, to mimic 
the surrounding hummock grassland and dune vegetation found currently 
surrounding the site. 

Mitigation – Historic Heritage 
Minimise 

• The amount of internal demolition has been limited to that necessary for a reception 
function.  

• Retention of nibs and a ground plane indication for removed walls.    

• Maintenance of symmetry in new works.  

• Reinstatement of verandah elements and general external conservation. 

Outcomes 
Residual Impact 
Aboriginal Heritage and Culture 
The Proposal will result in ground disturbance within the impact zone of the Vlamingh 
Head Registered Heritage site, in accordance with the conditions of the s18 consent 
(Reference: 69-21438).  
The Proposal has identified two previously unknown sites which will be afforded ongoing 
protection as a result of the implementation of the Proposal: 

• Sensitive Dune Area; and  

• Section 91 Water Bores Avoidance Area One.   
The Sensitive Dune Area will be avoided and protected from future development.  
The Section 91 Water Bores Avoidance Area One site will be protected from further 
damage through diversion of the borefield access track to the west of the scatter of stone 
artefacts. Blocking the track from further vehicle access and allowing natural regeneration 
of the vegetation will provide ongoing protection of this site.  
Groundwater abstraction from the new and existing borefields is required for the 
implementation of the proposal and is unavoidable. However, the heritage survey process 
has provided an opportunity for further documentation of the Aboriginal cultural 
associations with Cape Range, contributing to the knowledge base to support overall 
protection of heritage values in the region. 
The proposed disturbance is limited to an existing disturbed area within the Registered 
Aboriginal Heritage site on Lot 2 and is not likely to be significant at either a local or 
regional scale.  
National Heritage 
Overall, the likely impact of the implementation of the Proposal on the Ningaloo Coast 
National Heritage site, is considered low in both a local and regional context and the 
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objectives of this factor can be met. The Proposal offers opportunities to improve 
protection of aspects of both Aboriginal and Natural heritage values.  
 
Historic Heritage 
The overall works will retain the place’s core heritage values. Griffiths (2019) assessment  
concludes that there are minor negative impacts on the heritage values of the place in 
localised parts, but that this is mitigated by the conservation and presentation of the 
quarters to a high standard. 
The residual impacts are not significant and the EPA objective for Social Surrounds can be 
met for this Proposal. 
 
Offsets 
No offsets are proposed. 

The mitigation hierarchy of ‘avoid, minimise, rehabilitate and offset’ has been considered in the 
assessment of this Proposal. This assessment has determined that this Proposal will not have 
significant residual impacts and as such, is considered environmentally acceptable if implemented in 
accordance with the management measures proposed in this document. 
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1. Introduction 

Z1Z Resorts Pty Ltd (Z1Z) is proposing to redevelop the former Ningaloo Lighthouse Caravan Park, on 
Lot 2 and Lot 557 Yardie Creek Road, North West Cape.  The proposed redevelopment, the Ningaloo 
Lighthouse Resort Project (the Proposal), is located approximately 18 km north west of the town of 
Exmouth towards the northern tip of the Cape Range peninsula. 

1.1 Purpose of this Document 

This document has been prepared to provide supporting information and evidence for referral of the 
Proposal under Section 38 of the Environmental Protection Act 1986  (EP Act),  further to a pre-referral 
meeting held with DWER (EPA Services) personnel on 3 December 2020.  

Prepared in accordance with the Environmental Protection Authority (EPA) Instructions on how to 
prepare an Environmental Review Document (EPA 2020a), this referral document provides information 
on the Proposal characteristics and activities, key stakeholders, potential environmental impacts and 
proposed mitigation measures associated with the construction and operation of the Proposal. 

1.2 Proponent Details 

The Proponent, Z1Z, is a wholly owned subsidiary of Tattarang Group Pty Ltd.  The Proponent contact 
details are provided in Table 1.1. 

Table 1.1: Proponent Details 
Proponent Z1Z Resorts Pty Ltd (ABN 63 009 475 423) 

Contact person Daniel Griffin 
dgriffin@fiveight.com 
PO Box 3155 
Broadway Nedlands WA 6009 
61 8 6460 4949 

1.3 Environmental Impact Assessment Process 

The key legislative requirements relating to environmental impact assessment for the Proposal derive 
from the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
and the Western Australian EP Act.  There are a number of other approvals required to implement the 
Proposal which are discussed in Section 1.4.3. 

1.3.1 Commonwealth Environmental Impact Assessment (EPBC Act) 

The EPBC Act provides a legal framework to protect and manage nationally and internationally 
important flora, fauna, ecological communities and heritage places, defined as ‘matter of national 
environmental significance’ (MNES).  If a proposed development or other action (‘proposed action’) is 
likely to have a significant impact upon a protected matter then it must be referred to the Department 
of Agriculture, Water and Environment (DAWE) for assessment under the EPBC Act (DAWE 2020). 

In the context of this Proposal, the relevant matters of national environmental significance (MNES) for 
consideration are: 

• World Heritage and National Heritage (Ningaloo Coast); and 

• Listed Species or Threatened Ecological Community (Marine Turtles). 

The Proposal has been referred to DAWE (EPBC 2020/8693; July 2020) for consideration of whether 
or not the Proposal constitutes a controlled action.  Further discussion of the potential to impact on 
MNES and the current status of referral to the Commonwealth, is provided in Section 8.  

 

mailto:dgriffin@fiveight.com


 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 8 

1.3.2 State Environmental Impact Assessment (Part IV, EP Act) 

The EP Act is the primary legislation that governs environmental impact assessment and 
environmental protection in Western Australia.  Significant proposals require referral to the 
Environmental Protection Authority (EPA) under section 38 of the EP Act. 

This Proposal is being referred to the EPA for assessment of potential impacts with respect to the 
preliminary key environmental factors, for which an assessment is provided in Section 5: 

• Marine Fauna 

• Flora and Vegetation 

• Landforms 

• Subterranean Fauna 

• Terrestrial Fauna 

• Social Surroundings 

The proponent is not seeking assessment of this Proposal in accordance with the bilateral agreement 
between EPA and DAWE, made under section 45 of the EPBC Act.  

1.3.2.1 EPA Strategic Advice on Exmouth Gulf 

In August 2020, the Minister for Environment requested the EPA provide strategic advice under 
Section 16(e) of the EP Act on the current state and potential cumulative impacts of proposed activities 
and developments on the environmental, social and cultural values of Exmouth Gulf.  

This cumulative impact study is scheduled for completion by the end of June 2021 and will take into 
account a number of new and existing potentially significant proposals in and around the Exmouth 
Gulf.  

The strategic advice is not intended to outline a plan for the future development of the Gulf. Instead, 
it is intended to provide information and recommendations to aid future decision making on 
significant proposals. The Minister expects this strategic advice will be material to consideration of the 
EPA’s assessment of current and future proposals (EPA 2021b).  

Further to a pre-referral meeting held with Department of Water and Environmental Regulation 
(DWER) EPA Services officers on 3 December 2020, this Proposal is considered likely to fall within the 
scope of the cumulative impact study.  The proponent has engaged with the EPA’s stakeholder 
consultation process associated with this study (Table 3.2). 

The context of this Proposal in relation to the strategic study area, is the natural connectivity of the 
Ningaloo Reef (adjacent to the Development Envelope) and associated landscape, to the biodiversity 
of the Exmouth Gulf. 

The EPA received more than 300 submissions during the three week public consultation period, of 
which a large number were from the Exmouth community members. The feedback largely focussed 
on Exmouth Gulf environs and potential undesired impacts of industry and a preference for tourism 
based business, but noting this needs to be developed in coordinated manner to protect the 
environmental values people come to the area to experience . The submissions will be used by EPA to 
inform the cumulative impact study of Exmouth Gulf.  The summary of submissions has been 
considered as part of this assessment (Section 3) where relevant to the key environmental factors for 
the Proposal.  
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1.4 Other approvals and regulation 

1.4.1 Land Tenure 

The Proposal  is located on freehold land, approximately 18 km north west of the town of Exmouth 
towards the northern tip of the Cape Range peninsula, within the Vlamingh Head tourism node, an 
area zoned for tourist development under the Shire of Exmouth’s Local Planning Scheme 4. The 
location within the broader planning context is discussed further in Section 2.6.2.  
 
The existing sewage treatment ponds (Figure 2.2) and new borefield (Figure 2.3) servicing the Proposal 
are located within leasehold land, with easements for service corridors from these facilities to the site. 

1.4.2 Decision Making Authorities 

The following decision making authorities have been identified for this Proposal: 

Commonwealth 

• Commonwealth Department of Agriculture, Water and the Environment (DAWE) 

State 

• Department of Water and Environmental Regulation (DWER) 

• Department for Planning, Lands and Heritage (DPLH) 

• Shire of Exmouth (Shire) 

1.4.3 Other Approvals Required 

Other State and Local Government approvals and regulatory requirements applying to this proposal 
are identified in Table 1.2. 

Table 1.2: Other Approvals Required 

Proposal activities  Land Tenure / Access Type of approval 
Legislation regulating 
the activity 

Regulatory 
Authority 

Clearing of native 
vegetation; ground 
disturbance 

Freehold  Section 18 Consent Aboriginal Heritage Act 
1972 (AH Act) 

DPLH 

Clearing of native 
vegetation 

Freehold  Native Vegetation 
Clearing Permit1 

Environmental 
Protection Act 1986 (EP 
Act), Part V 

DWER 

Water abstraction  
Leasehold (borefields);  

Easement (for water 

supply from borefield to 

Proposal) 

Groundwater Licence(s) 

- Section 26D 

Licence to 

construct or 

alter a well. 

- Section 5C 

Licence to take 

water. 

Rights in Water and 
Irrigation Act 1914 
(RIWI Act) 

Activities meeting 
threshold(s) for 
Prescribed Premises 
categories, such as 

Freehold (new 
wastewater treatment 
plant);  

Works Approval (to 
construct) ; and Licence 
or Registration (to 
operate).2 

EP Act, Part V 

 

1  Not required if the Proposal is approved by Ministerial Statement.  
2  Where regulatory thresholds are met. 
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Proposal activities  Land Tenure / Access Type of approval 
Legislation regulating 
the activity 

Regulatory 
Authority 

- Sewage treatment 
where treated 
wastewater is 
discharged to land 

Leasehold (existing 
sewage ponds) 

 

 
Onsite sewage treatment Application to Construct 

or Install an Apparatus for 
the Treatment of Sewage 

Health (Treatment of 
Sewage and Disposal of 
Effluent and Liquid 
Waste) Regulations 
1974 

Shire of 
Exmouth 

Demolition Freehold Demolition Approval Building Act 2011 and 
associated Regulations 

Storage of hydrocarbon Freehold Dangerous Goods 
Licence3 

Dangerous Goods Safety 
Act 2004 and 
Regulations 

Department 
of Mines, 
Industry 
Regulation 
and Safety 
(DMRIS) 

 

3  Where regulatory thresholds are met. 
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2. The Proposal 

2.1 Background 

The existing Ningaloo Lighthouse Caravan Park, comprises a series of low accommodation buildings, 
associated service buildings and now disused recreational facilities over an area of approximately 
13.63 ha. The Park is now closed and being prepared for demolition (which is considered out of scope 
of this assessment). 

Z1Z propose to redevelop the existing site, post demolition, to provide a mix of accommodation 
options, including eco tents, villas, caravan park bays and hotel rooms; and redevelopment of ancillary 
service infrastructure, including staff accommodation, water treatment and storage, wastewater 
treatment and disposal; power and service station.   

2.2 Justification 

The Proposal is adjacent to the Ningaloo Coast World Heritage Area, which is one of the State's 
premier tourism destinations.  Whilst The ICUN 2020 World Heritage Outlook for the Ningaloo Coasts 
considers climate change as the greatest long term threat to the site, it also lists increasing visitation 
and pressures on natural values, sensitive coastal habitats and ecological communities, as an ongoing 
concern (IUCN 2020). Unmanaged visitor access to the site and visitor recreation activities within and 
adjacent to the property and introduced plants and animals continue to remain major threats. 

The Proposal design reflects the Proponent’s commitment to undertaking the redevelopment in an 
environmentally responsible manner, with a focus on minimising environmental impacts and 
delivering a sustainable development outcome that appropriately balances environmental and 
economic priorities (element 2020). Importantly the Proposal looks to retaining the low-key, low-
impact nature tourism operations, providing an opportunity for improved management of visitor 
access to the surrounding area. 

The existing facility contains aged and dilapidated infrastructure that will be replaced in entirety and 
supported with new and current amenity.  The Proposal will: 

• deliver a high-quality redevelopment of the existing tourism facilities, providing a diverse range of 
accommodation options and associated amenities that will enhance the attractiveness of the 
region for both local and international visitors.  The resort will not result in an increase to 
overnight visitor numbers previously using to the existing Caravan Park; 

• support the economic development priorities identified in the Shire of Exmouth’s Strategic 
Community Plan, which include a desire to capitalise on the unique environmental and landscape 
characteristics of the region through the provision of high-quality tourist accommodation that will 
boost and support Exmouth’s appeal as a tourism destination.; 

• be designed and constructed to respond to the environmental and landscape character of 
Vlamingh Head, and preserve and respect the unique landscape values,  

• retain and conserves the heritage listed Vlamingh Head Lighthouse Keepers’ Quarters on site as 
an integral part of the resort offering, ensuring its ongoing use and enjoyment by the community; 
and 

• provide a sustainable development outcome; incorporating use of native vegetation in landscape 
design and removing introduced species; implementation of on-site wastewater recycling to 
reduce fresh water requirements; and in the longer term, solar and other sustainable power 
generation initiatives. 
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2.3 Proposal Location 

The Proposal is located on Lots 2 and 557 Yardie Creek Road, North West Cape, approximately 18 km 
north west of Exmouth, towards the northern tip of the Cape Range peninsula within the Vlamingh 
Head tourism node, an area zoned for tourist development under the Shire of Exmouth’s Local 
Planning Scheme 4 (Figure 2.1). 

2.4 Proposal Description 

The key components of the proposal are summarised in Table 2.1: 

Table 2.1: Summary of the Proposal 
Subject Detail 

Proposal title Ningaloo Lighthouse Resort Project, Yardie Creek Road, North West Cape 

Proponent 
name 

Z1Z Resorts Pty Ltd 

Short 
description 

Proposed redevelopment of the Ningaloo Lighthouse Holiday Park , within Lot 2 and Lot 557 Yardie Creek 
Road, North West Cape, and associated infrastructure. 

The Proposal comprises the following elements: 

• Construction of new visitor accommodation; 

• Construction of associated ancillary facilities, including staff accommodation, power supply 
infrastructure , water supply and treatment, wastewater treatment and reuse, replacement 
service station (vehicle refuelling).  

• Refurbishment of the Vlamingh Head Lighthouse Quarters (part of State Heritage Place 
No. 00837); and 

• Minor works outside of the accommodation areas, including pathways, vehicle access, shade 
structures and service corridors and enclosures. 

Table 2.2 provides the key characteristics of the proposal. 

 Table 2.2: Location and Proposed Extent of Physical and Operational Elements 
Element Location Proposed extent 

Physical elements 

Resort and caravan park facilities and 
associated service infrastructure 

Figure 2.2 Clearing of up to 3.98 ha of native 
vegetation within a Development 
Envelope of 45.34 ha 

Operational Elements 

Groundwater Abstraction  

Figure 2.3 

Abstraction of up to 77 GL/a  
 

The development envelope (DE) of the Proposal is shown in Figure 2.2, and covers an area of 45.34 ha.  
The disturbance footprint (DF) for the development, covers an area of 13.63 ha, which includes:  

• The existing facility (to be demolished) which occupies an area of approximately 9.51 ha, all of 
which is considered ‘cleared’ of native vegetation for the purpose of this referral; and 

• Up to 3.98 ha of native vegetation to be cleared, indicated as ‘clearing area’ in Figure 2.2. 

Existing infrastructure that will be used to support the Proposal, but which are outside of the scope of 
works includes: 

• The existing lined sewage treatment ponds located on leasehold land adjacent to Lot 307 Yardie 
Creek Road North West Cape. These ponds are planned to be retained for use as emergency 
storage capacity for the new wastewater treatment plant (for which a Works Approval under Part 
V of the EP Act, will be required for construction to commence). No additional site disturbance is 
required to continue to maintain the use of these ponds. 
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• The newly constructed and existing borefields, which are managed in accordance with the RIWI 
Act.  Potential impacts of groundwater abstraction as part of the Project are addressed in Section 
7.4. 

The State Government is currently planning the realignment of a section of Yardie Creek Road, near 
Vlamingh Head Lighthouse, around the Proposal site, to improve safety and amenity for visitors to the 
region (GoWA 2021).  Whilst the Proposal design has taken into consideration the Yardie Creek Road 
realignment, the road works and planned boardwalks for access to the beach, are outside the scope 
of this Proposal. These projects are being managed by the State Government (Main Roads WA) and 
the Shire of Exmouth respectively as the proponents. This Proposal is not contingent on the 
completion of these works. 

2.4.1 Wastewater treatment and disposal 

The Proposal includes the installation of a tertiary wastewater treatment plant (WWTP), using 
membrane bioreactor technology, with ultra violet and chlorine disinfection of treated wastewater to 
enable subsequent reuse (toilet flushing ) and irrigation of landscaped areas. The design capacity of 
the wastewater treatment plan will be aligned with the peak daily sewerage flow of 108kL/day as 
described in Appendix F. 

The proposed WWTP is of similar design to plants currently in use at Rottnest Island and Monkey Mia 
Resorts. Table 2.3 provides the proposed water quality from the Ningaloo Resort WWTP with 
comparison to the typical wastewater quality associated with similar plants.  

Table 2.3: Treated Wastewater Quality 

Water Quality Parameter 
Ningaloo WWTP – 
Estimated Quality 

Rottnest Island Monkey Mia 

pH 6.5 – 8.0 6.5-7.5 7-8 

TDS (mg/L) 1000 600 – 1000 500 -1000 

NO3-N (mg/L) <6 -  2 - 6 

Total P (mg/L) <1 0.1 -0.8 0.5 - 2 

The Ningaloo Resort WWTP is expected produce up to 40,000 kL/year of treated water, which would 
be used to irrigate 6 ha of landscaped areas around the resort, which will be predominantly planted 
with local native species.  The potential for impacts of nutrients on subterranean fauna  and 
groundwater quality and is addressed in Section 5.3 and Section 5.5 respectively. 

Under Part V of the EP Act, ‘prescribed premises’ as defined by the Environmental Protection 
Regulations (1987),  require a Works Approval for construction and a Licence to operate.  It is an 
offence under the EP Act to commence construction of a prescribed premises without a Works 
Approval. 

The proposed WWTP for the Ningaloo Resort meets the definition of  prescribed premises Category 54 
and triggers assessment under Part V of the Act: 

Sewage facility: premises - 

(a) on which sewage is treated (excluding septic tanks); or 

(b) from which treated sewage is discharged onto land or into waters. 

Production or design capacity: 100 m3 or more per day. 
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Once an application for Works Approval and/or Licence is provided to DWER, DWER undertake a full 
assessment of all emissions, discharges and existing regulatory controls for a proposal. This 
assessment includes a risk based approach and consideration of appropriate controls to prevent   

Section 62A of the EP Act sets out the kinds of conditions that the can be imposed by DWER within a 
Works Approval and/or Licence to manage the environmental impacts associated with emissions or 
discharges from prescribed premises during construction and / or operation. This includes (but is not 
limited to) the following measures relevant to potential impacts associated with the operation of a 
WWTP discharging treated effluent to the environment: 

• design, construct or operate any facilities or plant in accordance with specified criteria; 

• install or operate any equipment for preventing, controlling, abating or monitoring pollution or 
environmental harm in accordance with specified criteria; 

• take specified measures for the purpose of minimising the likelihood of pollution or environmental 
harm;  

• meet specified criteria or comply with specified limits as to the characteristics, volume and effects 
of, emissions; and 

• meet specified ambient concentration limits in specified premises or places; monitor operations; 
conduct analysis of monitoring data; dispose of waste in a specified manner; provide reports on 
monitoring data, and analysis of it, to the CEO; prepare, implement and adhere to environmental 
management systems, waste management systems, safety management systems, environmental 
management plans and environmental improvement plans. 

The current licence conditions for the Rottnest Island (L8807/2013/1) and Monkey Mia 
(L7426/2000/8) plants include such requirements as: 

• Specifying operational requirements of site infrastructure and equipment to ensure treatment of 
wastewater to the design criteria; 

• Specification of the discharge location and treated wastewater quality criteria that must not be 
exceeded; 

• Irrigation nutrient loading limits; and  

• Wastewater quality monitoring and reporting requirements. 

The required assessment and regulatory control of the proposed discharge of treated wastewater 
from the Proposed WWTP under Part V of the Act, is considered both appropriate and adequate to 
manage potential impacts on groundwater quality and potential stygofauna habitat arising from 
treated wastewater irrigation. 
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2.5 Timing and Proposal Staging  

The Proposal is currently in the Preliminary design stage, to inform and obtain necessary consents 
required to secure investment to detailed design and construct phase.  It is anticipated that detailed 
design stage will commence in mid-2021.  The Proponent plans to commence construction activities 
in 2021, upon receipt of all relevant approvals. 

2.6 Local and Regional Context 

2.6.1 Regional Context 

The Proposal is located within the Gascoyne planning region, which includes internationally 
recognised conservation reserves comprising the Ningaloo Coast World Heritage Area, Ningaloo 
Marine Park, Nyinggulu Coastal Reserves, Cape Range National Park, and Juarabi and Bundegi Coastal 
Parks (Figure 2.5). Further discussion on Conservation reserves is provided in Section 2.6.5. 

The major industries of the region include tourism, retail, mineral and petroleum development, 
fishing, horticulture and pastoralism (DEC, 2010). 

The Interim Biogeographic Regionalisation for Australian (IBRA) describes a system of 89 
‘biogeographic regions’ (bioregions) and 419 subregions covering the entirety of the Australian 
continent (DEE, 2017). Bioregions are defined on the basis of climate, geology, landforms, vegetation 
and fauna.  The Proposal is located within the Cape Range IBRA subregion  

2.6.2 Local Context 

The Proposal is located within the Shire of Exmouth, 1,270 km north of Perth. The nearest town is 
Exmouth, approximately 18 km to the south of the Proposal (Figure 2.1). 

The Proposal is approximately 10.7 km from the Naval Communications Station Harold E Holt, which 
provides very low frequency (VLF) radio transmission to the United States Navy and Royal Australian 
Navy ships and submarines in the western Pacific Ocean and the eastern Indian Ocean. The station 
features thirteen radio towers, with the tallest being 387 m4. 

2.6.2.1 Planning Context (element 2020) 

The Proposal has been designed to meet State and Local planning  requirements. 
 
State Planning Policy 2.6 – State Coastal Planning (SPP2.6) sets out a range of policy measures to 
ensure that development in coastal locations appropriately takes into account coastal risk and 
environmental considerations. This includes considerations relating to coastal hazard risk 
management and the sustainable use of the Western Australian coastline that are relevant in the 
context of this development application.  
 
SPP2.6 places particular emphasis on the need for adequate coastal hazard risk management and 
adaptation planning, which has been addressed through the preparation of a Coastal Hazard Risk 
Management and Adaptation Plan for the Proposal. 
The Shire’s Local Planning Strategy acknowledges that tourism is a vital economic growth industry for 
the area and encourages the sustainable growth of tourism operations throughout the Shire. The Local 
Planning Strategy seeks to facilitate a diverse range of tourist accommodation and encourage 
development that provides a tourism experience that adds to the Exmouth area’s unique competitive 
advantages in the tourism space (element 2020)  

 

4  https://military.wikia.org/wiki/Naval_Communication_Station_Harold_E._Holt 

https://military.wikia.org/wiki/Naval_Communication_Station_Harold_E._Holt
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The Shire of Exmouth Local Planning Scheme No. 4 (LPS4) is the primary statutory control on the 
development and use of land throughout the Shire area. The subject site is zoned ‘Special Use – 
Zone 2’ (SU2) under LPS4, whilst the surrounding lots and Unallocated Crown Land (UCL) are reserved 
for the purpose of ‘Environmental Conservation’. In accordance with the applicable development 
requirements under Schedule 4 of LPS4, “Tourist Development” land uses can be considered for 
development approval within the SU2 zone. 

In addition to the above, LPS4 also establishes that development in the SU2 zone is to accord with the 
provisions of the Vlamingh Head Master Plan (WAPC 2008) and any Local Development Plan prepared 
under Part 6 of the Deemed Provisions contained within the Planning and Development (Local 
Planning Schemes) Regulations 2015. 

2.6.3 Climate 

The Exmouth region has a semi-arid climate, being hot and dry for much of the year. The nearest 
weather station which records long term climate data is the Learmonth Airport station 
(Station 005007), approximately 54 km from the Proposal.  The Vlamingh Head station (adjacent to 
the Proposal)  has been closed since 1997 and the historical data for this station is similar to that of 
Learmonth. 

The long term annual average rainfall is 253 mm, occurring predominantly from January to June 
(Figure 2.4). The average monthly rainfall during January to July from 1945 to 2021 is 33.33 mm which 
occurs on average over  a period of 2 days per month. Between September to December, very little 
rain occurs (BOM 2021). Evaporation rates are high with the annual average pan evaporation 
approximately 3000 mm/year (Pennington Scott 2021) 

The average maximum temperatures range from 25.3°C  in June, July and August to 37.5°C in 
December to February. The average minimum temperature ranges from 11.5 °C in July to 24 °C in 
February. 

There is significant salt deposition over the land surface as dryfall or with rainfall that is derived from 
marine aerosols generated by wind and wave action.  The annual salt input is likely to be highly 
variable dependant on wind direction and strength and rainfall (Pennington Scott 2021).   

 

 

Figure 2.4: Monthly Average Rainfall and Temperature at Learmonth Airport WA (Station 005007) 
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2.6.4 Physical Environment 

Geology 

The Proposal site is located within the Northern Carnarvon Basin, in an area in which a thick Palaeozoic 
and Mesozoic sedimentary sequence is overlain by around 100 m of Cenozoic deposits. The Cenozoic 
deposits consist of a series of mostly calcarenite formations, which are in ascending order the Cardabia 
Calcarenite (883 – 946 m in Melanie 1), Giralia Calcarenite (465 – 883 m in Melanie 1) and the Cape 
Range Group which sub- or outcrops the surface below the Cape Range. The Cape Range Group 
comprises (in ascending order) the Mandu Calcarenite, the Tulki Lime stone, the Trealla Limestone, 
the Pilgramunna Formation and the Vlamingh Sandstone (Pennington Scott 2021). 

The Cape Range, also known as North West Cape, is a north-south striking elevated gentle anticline 
comprising the Tulki Limestone over Mandu Calcarenite at depth. These formations dip gently to the 
east and west, while the anticline plunges northward so that the sedimentary sequence deepens 
toward the northern end of the peninsula. On the eastern side of the Cape Range, the Tulki Limestone 
is overlain by a veneer of red brown sandy loam soil. Trealla Limestone is not recognised at the site, 
although it may have been missed as the upper Tulki Limestone and lower Trealla Limestone have 
almost identical lithologies (Hocking et al. 1987).  

The Proposal is located within the Learmonth System, which is comprised of the Tertiary Trella 
limestone and Quarternary calceranite, colluvium, alluvium and aeolian sand. The System can be 
described as ‘Sandy outwash plans marginal to the Cape Range, supporting mainly soft spinifex 
hummock grassland with scattered acacia shrubs’.  

The adjacent Range System is described as ‘Dissected limestone plateaux, hills and ridges with gorges 
and steep stony slopes supporting hard spinifex, sparse shrubs and eucalypts.’ 

Landforms 

The Cape Range peninsula is approximately 96 km in length from north to south and 21 km from east 
to west, which rises steeply from the coastal plain to approximately 300 m above sea level (ASL) 
(WRC 1999). The Proposal (approximately 4m ASL) lies at the western base of Vlamingh Head, which 
rises to approximately 73m ASL5.  

Landforms in the Cape Range include a high number of caves, rock shelters, sink holes, streams that 
disappear underground, biokarstic phenomena (such as Ningaloo Reef) ,protocaves and mesocaverns 
representative of a karst landscape. The karst of the Cape Range Peninsula is unique as relatively few 
other karst are formed in limestone of such young age (WRC 1999). This karst environment supports 
subterranean fauna of significant conservation value, for which it is known that the interaction of the 
fresh water lens overlying brackish and saline quality water is of extreme importance.  Subterranean 
fauna are discussed further in Section 2.6.9.  

Soils  

Generally, the soils within the proposed development area are shallow soils with underlying rocky 
and visible rocky outcrops, being sandy limestone soils of the Cape Range with some red Pindan 
sands, with the following geological units along the seaward portion of the site: 

• Bundera Calcarenite (Tantabiddi Member, Qbt): Including calcarenite and calcirudite,coralgal 
reef deposits, shallow marine and minor eolian. 

• Vlamming Sandstone (Tv): Including well sorted, medium grained crossbedded quartzose 
calcarenite and calcrete soils and eolian. 

 

5  http://members.upnaway.com/~obees/lights/gascoyne/vlamingh.html 
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• Longitudinal and network dunes and residual sand plains (Qe): Including reddish brown to 
yellowish quartz sand. 

2.6.5 Conservation Reserves 

With the exception of the Ningaloo Coast National Heritage listed place, the Proposal lies outside of 
the boundaries of the Conservation reserves identified in Section 2.6.1. as shown in Figure 2.5, and 
does not directly impact on the terrestrial or marine areas within these reserves. However, the 
Proposal may indirectly impact on a number of key environmental values that align with the 
conservation values and purposes of these reserves, for which the environmental impact assessment 
is provided in Sections 5.1 to 5.6. 

Potential impacts to the conservation values, as assessed in Sections 5.1 to 5.6, include: 

• impacts on specific heritage values such as marine turtles, subterranean waterways and 
associated fauna; 

• increased water demand leading to increased water abstraction with potential effects on the 
groundwater systems; 

• increasing and unmanaged visitation and associated pressures on marine, coastal and terrestrial; 
habitats within and adjacent to the site; and 

• introduced plants and animals. 

The summary of submissions to the Section 16(e) EPA Strategic Advice on Exmouth Gulf (EPA 2021b) 
indicate community support for low impact tourism ventures as opposed to “industrialisation”, with 
job creation focus on tourism opportunities and environmental management   However, they also 
note that unmanaged and increasing levels of tourism and fragmented planning and policy are threats 
to the World Heritage values of the area. 

The Ningaloo Coast National Heritage and World Heritage Area listings are considered further in 
Section 5.6.12 and Section 8.5.1. 

A brief description of the Conservation reserves within the region is provided below.  

Nyinggulu Coastal Reserve 

In December 2020, the Minister for the Environment announced the creation of a new conservation 
and recreation reserve, the Nyinggulu Coastal Reserve.  The land includes the southern extent of the 
Cape Range formation from Winderabandi Point to Janes Bay, and a conservation and recreation 
reserve south of Janes Bay adjacent to Ningaloo Marine Park.  As this Reserve lies approximately 91 km 
south west of the Proposal, it is not considered further in this assessment.  

Ningaloo Marine park (Commonwealth and State) 

The World Heritage listed Ningaloo Reef is Australia’s longest fringing barrier reef and one of the 
world’s most important biodiversity hotspots. Between Exmouth and Coral Bay, two Ningaloo Marine 
Parks run in parallel along the coast, working together to protect this natural treasure. The outer 
Ningaloo Marine Park (Commonwealth waters) is managed by Parks Australia and helps protect the 
deeper, offshore waters while the inner Ningaloo Marine Park (State waters) helps protect the coastal 
waters and shallow reefs. The State Marine Park is managed by DBCA (Parks Australia, 2021) 

Cape Range National Park 

Cape Range National Park encompasses 50 581 ha of the Cape Range peninsula, a heavily dissected 
karstic range and fringing coastal plain adjacent to the northern part of the Ningaloo Marine Park. To 
the west the park is bounded by the Ningaloo Marine Park which extends to High Water Mark in areas 
adjacent to the national park. To the south, the park is bordered by the Learmonth Air Weapons 
Range. To the north and north-east it is bounded by unallocated Crown land, and by Exmouth Gulf 
pastoral station to the east (DEC, CCWA 2010). 
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The park is valued for its range of ecological values of local and regional significance, but also 
increasingly recognised for its national and global importance. The park forms part of the Ningaloo 
Coast World Heritage Area, and is on the National Heritage List 

Juarabi Coastal Park 

Jurabi Coastal Park (Reserve 40729, 1287.4ha) lies on the western side of the Cape Range peninsula, 
and west of the Yardie Creek Road extending from the northern boundary of the Cape Range National 
Park north to the Commonwealth land (Lyndon Location 44, Defence Purposes) (Shire of Exmouth, 
CALM 1999). The beach adjacent to the Proposal lies within the management area of the Park, which 
is jointly vested in the Shire of Exmouth and DBCA. 

Bundegi Coastal Park 

Bundegi Coastal Park (Reserve 40728, 462.1ha) lies on the east side of Cape Range Peninsula and east 
of Murat Road between areas of Commonwealth land (Lyndon Location 43 and 44, Defence Purposes) 
(Shire of Exmouth, CALM 1999). The park is approximately 11 km south of the proposal and is not 
directly impacted by the Proposal.  

  



Drawn By: cthatcher

!

!

!

REID

ST

MILDURA W
RECK RD

YARDIE CREEK RD

M
IN

IL
YA

EX
M

O
UT

H
RD

MURAT R
D

BUNDEGI
COASTAL
PARK

JURABI
COASTAL
PARK

NINGALOO
MARINE PARK

CAPE RANGE
NATIONAL PARK

VLAMINGH HEADVLAMINGH HEAD

EXMOUTH TOWNEXMOUTH TOWN

HAROLD E HOLT NAVALHAROLD E HOLT NAVAL
COMMUNICATION STATIONCOMMUNICATION STATION

THETHE
NINGALOONINGALOO

COASTCOAST

Client: Tattarang

Version: A Date 26/03/2021

Checked By: AL

FIGURE  2.5

File Name: \\008pmpmr004v001.jbsg.aust\JBS Perth\Projects\1)Open\Tattarang\60294 Ningaloo Resort Env Approvals\GIS\Maps\R02_Rev_A\60294_02_6_ConsReserves.mxd
Image Reference:  Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community 

Lots 2 and 557
Yardie Creek Road,
North West Cape, WA

CONSERVATION RESERVES

Job No: 60294

ZScale 1:150,000  at A4

0 2.5 5

Kilometers

Legend
Project area
World heritage area
Ningaloo Coast (Natural
heritage list)

Legislated lands and waters
(DBCA)

National Park
Section 5(1)(h) Reserve
Other Reserves
Roads (MRWA)

!!

!!ONSLOW

CORAL BAY

OVERVIEW MAP

Coord. Sys. GDA 1994 MGA Zone 50



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 24 

3. Stakeholder Engagement 

As noted in Section 2, the Proposal is located within the Shire of Exmouth, within close proximity to 
the World Heritage listed Ningaloo Coast; the Ningaloo Marine Park, Cape Range National Park and 
Jurabi Coastal Park. State listed heritage sites, including the Vlamingh Head Lighthouse and adjacent 
World War II military installations, are located nearby.  

The Shire of Exmouth has residential population of approximately 2700 , which at the height of the 

tourist season can swell to more than 7000.  The area is considered to be one of the top tourist 

destinations for intrastate, interstate and international visitors. Tourists travel to Exmouth to visit the 

Ningaloo Marine Park and Cape Range National Park, including to swim with Whale Sharks, fishing, 

hospitality and research (Tattarang 2020).  

There are high expectations within the local community regarding the Proponent’s engagement and 

communication and ongoing stakeholder relationships for the Proposal.  The Proponent is committed 

to genuine consultation, aiming to provide opportunities for members of the public  who want to be 

heard and look for opportunities to be able to contribute to local outcomes, for the future benefit and 

longevity of their community. 

3.1 Key Stakeholders 

Relevant person(s) for the purpose of identifying stakeholders that should be consulted were 
identified based on the following: 

• Government departments or agencies that administer the required approval(s) to implement the 
Proposal; 

• Any person or organisation whose functions, interests or activities may be affected by the 
Proposal; and 

• Any other person or organisation with a potential interest in the Proposal. 

The following decision making authorities and other key stakeholders have been identified: 

• Commonwealth Department of Agriculture, Water and the Environment (DAWE); 

• Department of Water and Environment Regulation (DWER EPA Services);  

• Department of Planning, Lands and Heritage (DPLH); 

• Department of Biodiversity, Conservation, and Attractions (DBCA); 

• Main Roads Western Australia (MRWA); 

• Tourism WA; 

• Shire of Exmouth and community stakeholders; 

• Horizon Power; and 

• Yamatji Marlpa Aboriginal Corporation and Nganhurra Thanardi Garrbu Aboriginal Corporation 
Board. 

The current stakeholder groups engaged by the Proponent to date, are listed in Table 3.1. 
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Table 3.1: Key Stakeholder Groups 

Interest Group Stakeholder 

Environment 
• Cape Conservation Group 

• DBCA – Parks and Wildlife 

• Ningaloo Coast World Heritage Advisory Committee 

• Exmouth tour operators 

• Shire of Exmouth waste management group 

• Residents and Ratepayers 

• Resilient Reefs Ningaloo Community Reference Group  

• Horizon Power 

Economic 
• Exmouth Chamber of Commerce and Industry 

• Central Traders 

• Residents and Ratepayers 

• Vacant landowners 

• Real Estate agents 

• Builders 

• Industry investors 

• Government agencies (RDA Midwest Gascoyne, GDC) 

• AusIndustry 

• Exmouth Cultural Arts Centre 

• Exmouth District High School 

Access and Amenity 
• Fishing groups and associated businesses 

• Tantabiddi boat ramp users 

• Department of Biodiversity, Conservation and Attractions 

• Department of Transport 

• Regional Development incl. GDC 

• Residents and ratepayers 

Heritage 
• Yamatji Marlpa Aboriginal Corporation and Nganhurra Thanardi Garrbu 

Aboriginal Corporation Board 

• Shire of Exmouth 

• WA Museum 

• Residents and ratepayers 

• Tourism businesses 

• Department of Local Government, Sport and Cultural Industries 

• Cape Conservation Group 

Destination Development and 
Tourism 

• Exmouth Chamber of Commerce and Industry 

• Tourism WA 

• Tourism Council of WA 

• Australian Tourism Data Warehouse 

• Australian Tourism Export Council 

• Tourism Australia 

• Australian Regional Tourism Inc. 

• Shire of Exmouth 

• Australia’s Coral Coast Regional Tourism Organisation 

• Exmouth Tourism Industry  

• Qantas 

• Industry investors 

• Australian Hotels Association 

 

New stakeholders may be identified during ongoing consultation or by direct approach by persons 
that have become aware of the Proposal. If additional stakeholders are identified, they will be 
contacted, provided with information in relation to the Proposal to allow them to make an informed 
assessment of the potential effects of the Proposal on their functions, interests and/or activities. 
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3.2 Stakeholder Engagement Process 

The Proponent has developed an engagement strategy and commenced implementation of its 
Community Engagement Plan for the Proposal.  One of the first steps in this process has been the 
employment of a dedicated, project-specific, local Community Engagement Officer to manage 
stakeholder relationships and engagement for an initial 9-12-month period.   

The community engagement process and tools have been informed by IAP2’s Public Participation 
Spectrum (Figure 3.1) which is designed to assist with the selection of the level of participation that 
defines the public's role in any community engagement program. The Spectrum shows that differing 
levels of participation are legitimate depending on the goals, time frames, resources and levels of 
concern in the decision to be made. Most importantly, the Spectrum sets out the promise being made 
to the public at each participation level.  The “consult” level of egnagement has been selected as the 
most appropriate process to inform the community and obtain public feedback for this Proposal.  

 

Figure 3.1: IAP2 Public Participation Spectrum 

 

A range of stakeholder engagement activities are proposed to provide accessible, clear and timely 
information to the community in a way that creates two-way discussion and enables good ideas to be 
incorporated into the Project.  Stakeholder engagement tools include:  

• Public participation: project shopfront, information pop-up stalls, community meetings 

• Project communication: fact sheets, FAQs, Infographic postcard, newsletters 

• Digital engagement: dedicated project website, digital tiles 

• Media engagement: regional newspapers, community newsletters, media releases 

• Community outreach: stakeholder and community group meeting 
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In addition to general community consultation, the plan includes targeted stakeholder engagement 
with key decision making authorities and other groups identified in Section 3.1. 

3.3 Stakeholder Consultation 

To date, the Proponent has engaged with several stakeholders on this project, with a summary 
provided in Table 3.2. The Proponent will maintain and continue to update its stakeholder consultation 
register throughout implementation of the Proposal. 

Continued updates on the Project will be available through regular updates to the dedicated website, 
(https://www.ningaloolighthouseproject.com/) with the ability to subscribe for regular updates.  
There will also be the opportunity to meet with identified interest groups, both community, 
government and business interests as required. 

 

https://www.ningaloolighthouseproject.com/
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Table 3.2: Stakeholder Consultation Register 

Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Shire of Exmouth 3-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing Water source and management Provide community engagement 
report regularly to Council. Specific 
issues updated as information 
becomes available. 

Introduce Exmouth-based 
community engagement 
officer 

Waste water management 

Recycling programs 

Strategies to reduce single-use plastics 

Renewable energy sources 

Accommodation available for hybrid solar 
eclipse event in April 2023 

Gascoyne 
Development 
Commission 

4-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Offer made to present the project to 
the Board of the GDC 

8-Sep-20 Project considerations for Indigenous tourism 
development 

Provide regular project updates 

22-Sep-20 Accommodation available for hybrid solar 
eclipse in April 2023 

Pilbara 
Development 
Commission 

10-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

Kimberley 
Development 
Commission 

10-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

Regional 
Development 
Australia Mid West 
Gascoyne 

4-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Offer made to present the project to 
the Board of the RDAMWG 

10-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Intro community 
engagement and offer to 
provide project brief 

Face to face meeting and project brief to be 
arranged for 2021 Exmouth visit 

Added to project e-newsletter 
database for updates 

10-Dec-20 

17-Dec-20 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Ningaloo Coast 
World Heritage 
Advisory 
Committee 

7-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Able to assist by passing on project updates to 
NCWHAC 

Notify of further opportunities for 
public comment during approval 
processes 

8-Sep-20 Have utilised public comment process during 
Development Planning phase 

Exmouth Chamber 
of Commerce and 
Industry 

7-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Continue membership and Committee 
representation 

23-Sep-20 Use Chamber 'Business After Hours' 
platform to engage with membership 

3-Nov-20 Hosted 'Business After 
Hours' 

Added to project e-newsletter 
database for updates 

WA Country Health 
Service - Midwest 

1-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

Nganhurra 
Thanardi Garrbu 
Aboriginal 
Corporation 

11-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Intro community 
engagement and inquiry to 
present to the Board of 
NTGAC 

Water source and management Board presentation scheduled for 
18Mar21 

Exmouth Cape 
Boardriders Club 

11-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Safety issues with increased surfing activity on 
local breaks 

Consider surf etiquette educational 
material for guests 

Car park overflow during busy season Consider number of resort public car 
park bays adjacent to breaks 

Ecotourism 
Australia 

14-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

12 months to complete Ecotourism Australia 
accreditation process 

Provided building guidelines to 
consider during development 
planning 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Tourism Council of 
WA 

14-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Accreditation and membership Silver Membership confirmed 

21-Sep-20 Advocacy 

Australia's Coral 
Coast 

15-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Accommodation available for hybrid solar 
eclipse in April 2023 

Ongoing membership and Board 
representation 

Grow percentage of visitors who are high value 
travellers 

Qantas 15-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

A320 aircraft on Exmouth route - lower 
frequency and higher numbers 

Attend next Qantas stakeholder 
meeting in Exmouth 

Department of 
Biodiversity, 
Conservation and 
Attractions - 
Exmouth District 
Office 

15-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Lighting and visitor behaviour impacts on 
turtles 

Further research and shared 
educational resources 

Scenic values of Vlamingh Head Visual impact assessment and track 
management 

Managing and mitigate ‘goat’ tracks from the 
resort to the beach and dune vantage points 
adjacent to the property 

The Jurabi Coastal Park (beach and 
dunes) is jointly managed by DBCA 
and the Shire of Exmouth. Will 
continue to work with both 
stakeholders to mitigate this issue. 

Joint management of Jurabi Coastal Park with 
Shire of Exmouth 

Progressing recreational masterplan, 
to include capital works management 
plan 

Management of and eradication of Kapok weed 
on site 

Document existing weed 
management activities to form plan 
for construction and operations 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Will the site be built up prior to construction 
(on the building envelope not utilising natural 
topography)? 

Design height limitations addressed 
by Planning Approval. Further 
information to be provided to DBCA 
regarding final plans 

Exmouth Cultural 
Arts Centre 

17-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

Astrotourism WA 17-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Protection of the dark night skies Investigate International Dark Sky 
Association accredited light fixtures 

Coral Bay Progress 
Association 

21-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Sustainable recreational fishing bag limits Offer made to present the project to 
the Association 

Australian Tourism 
Export Council 

22-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Lack of indigenous interpretation in Exmouth 
area 

General comment, noted. To be 
considered within the development as 
appropriate 

The Nationals WA 23-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

AusIndustry 23-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Added to project e-newsletter 
database for updates 

Exmouth 
Community 
Markets 

27-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Will the dune system adjacent to the resort be 
developed 

Jointly managed by DBCA and the 
Shire, the land outside of 
development footprint 

2-Oct-20 Impacts to turtles if there is light spill from the 
Resort 

Lighting Management Plan 

Australian Regional 
Tourism 

28-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Regional tourism role to disperse visitors Offer site inspection if in Exmouth 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Exmouth Senior 
Citizens Club 

29-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Handrails and universal access considerations To be considered at detailed design 
stage and compliance to building 
standards. 

Previous significant cyclone events remain 
fresh memories (I.e. Vance and Owen) 

No current issues 

Community 
Consultation Pop 
Up at 
Exmouth Local Post 
Office 

29-Sep-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Where will the resort get water and how 
sustainable is this? 

Addressed on the day & FAQ on 
website 

6-Oct-20 What's happening to the Lighthouse Keepers 
Cottage (Powel House)? 

Lighthouse Keepers Cottage is being 
retained and restored 

13-Oct-20 

What are the plans for the use of renewable 
energy 

Addressed on the day & FAQ on 
website 

24-Nov-20 What efforts to reduce and recycle bio-waste 
will the resort implement 

WA Government - 
Minister for 
Tourism; Racing 
and Gaming; Small 
Business; Defence 
Issues; Citizenship 
and Multicultural 
Interests 

1-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Site inspection Information taken on notice No current issues 

Tourism Western 
Australia 

1-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Site inspection Information taken on notice No current issues 

Cape Conservation 
Group 

5-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

What is the process for public comment when 
the DA is lodged? 

Will advise upon lodgement.  

What impacts will the resort's water use have 
on the karst system in Cape Range? 

Discussed at F2F meeting, mirrored 
their response to LDP. Longer 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Impact on nesting turtles along Jurabi coast discussion. Further information to be 
provided. Advised of studies in 
progress, (visual impact,  stygofauna 
and turtles) Impact on visual amenity 

Regional Visitor 
Centres 

9-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Notification to advise the 
closure of the Holiday Park 
beyond October 2020 
school holidays 

Advise visitors accommodation temporarily 
unavailable 

Provide project updates and planned 
resort opening dates 

National 
Indigenous 
Australians Agency 

12-Oct-20 
Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Aboriginal economic development outcomes 
Conversation acknowledging 
awareness of issue. No current issues. 

Ningaloo Hybrid 
Solar Eclipse Apr23 

13-Oct-20 

It is expected this 
event has the potential 
to attract thousands of 
domestic and 
international visitors to 
Exmouth and 
surrounds 

Consultancy by state 
government to assess risk 
and opportunity 

Accommodation needs 
Acknowledge awareness of the event 
in resort planning timeframes 

Recfishwest 14-Oct-20 
Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Exmouth is the number one fishing destination 
in WA, will access to Lighthouse Bay for 
recreational fishing continue and be 
guaranteed 

Public access to Lighthouse Bay is 
unaffected by the Resort proposal 

Aboriginal 
Biodiversity 

16-Oct-20 
Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Procurement strategies in place during 
construction 

No current issues 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Conservation 
Foundation 

Employment and business contracting during 
operations 

No current issues 

Department of 
Transport - 
Exmouth Office 

21-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

Horizon Power 22-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Power needs and plan for renewables Ongoing discussion with Horizon 
Power. Opportunity for EV charging 
stations and other renewable energy 
solutions under consideration.  

EPA 22-Oct-20 Potential cumulative 
impacts of the 
activities and 
developments 
proposed for Exmouth 
Gulf 

Ningaloo Lighthouse Project 
briefing + introduce 
community engagement 
role 

Face to face meeting to discuss: 
What are the values (environmental, social and 
cultural) you associate or identify with in and 
around Exmouth Gulf? What activities do you 
engage with in and around Exmouth Gulf? 
What environmental pressures do you observe 
in and around Exmouth Gulf? What 
environmental pressures in and around 
Exmouth Gulf affect you/your sector or 
business? Are there other activities that are 
proposed (or likely to be proposed) that you 
are aware of, which will impact the Exmouth 
Gulf? 

EPA delivers s16(e) advice to Minister 
for Environment in June 2021 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

EPA 22-Mar-21 Potential cumulative 
impacts of the 
activities and 
developments 
proposed for Exmouth 
Gulf 

Inform stakeholders and 
community members about 
strategic advice on Exmouth 
Gulf 

TBA EPA delivers s16(e) advice to Minister 
for Environment in June 2021 

Project 'Open 
House' 

23-Oct-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Where will the resort get water and what is the 
strategy for sustainable guest use? 

Discussion of work underway and 
where up to with process. 
Acknowledge issues and working 
towards addressing. Pointed group 
members to website FAQs, which is 
updated as project progresses. 

Is the development climate considered for a 
sustainable build  

24-Oct-20 Does resort infrastructure planning account for 
cyclones 

What are the plans for the use of renewable 
energy 

What eco-credentials will the resort aspire to 

Is there asbestos on site, if so will it be 
removed 

Central Regional 
TAFE 

4-Nov-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing, training 
capabilities to support 
Project employment 
outcomes  

Training requirements to support the Resort 
through construction and operation 

Ongoing engagement to deliver 
cultural awareness, OHS, hospitality 
and tourism training  

Pilbara Tourism 
Association 

10-Nov-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Use of SMS cyclone warning system for guests No current issues 

Department of 
Defence 

8-Dec-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing SST Operations will be impacted by light 
pollution, whether it be excessive light from the 
nearby town of Exmouth, the facilities at NCS 
HEH or the proposed resort 

Light Management Plan focus on 
preservation of Turtle habitats and 
Defence operations 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

Resilient Reefs 
(DBCA, Exmouth) 

26-Nov-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Continue conversations about the 
potential for partnerships 

RAC Parks and 
Resorts 

2-Dec-20 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Update provided on RACs Coral Bay 
site redevelopment 

Onslow Chamber of 
Commerce and 
Industry 

6-Jan-21 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Onslow based Aboriginal businesses 
for procurement 

Business Events 
Perth 

8-Jan-21 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice Allocated meeting space (approx. 
150ppl) recommended and important 

Nyinggulu Coast 
Joint Management 
Body (DBCA) 

14-Jan-21 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Groundwater concerns held by Management 
Body members 

Concerns primarily regarding 
freshwater sources (e.g. water holes) 
for wildlife and anything that might 
impact on that. Concerns take on 
board. Offered to do presentation.  B. 
Traditional water holes - more 
appropriate to the Range rather than 
project site. 

Tourism Australia 19-Feb-21 Ningaloo Lighthouse 
Resort - project update 

Project briefing + intro 
community engagement 

Information taken on notice No current issues 

DWER (EPA 
Services) 

3-Dec-20 Referral of project to 
EPA  

Pre-referral meeting Referral recommended. EPA would need to 
consider outcome of strategic assessment of 
Exmouth Gulf 

Referral of Project. 
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Stakeholder Date Topic Nature of the Consultation Key Issues  Status / Close-out 

DPLH 11-Mar-21 Ningaloo Lighthouse 
Resort - project update 

European heritage sites: 
lighthouse keepers cottage; 
gravesite 

Protection of heritage sties, land tenure 
process for bore and pipeline easement 

Addressed in DAP. Gravesite not part 
of Project area; lighthouse keepers 
buildings within project area to be 
restored. Meeting with PBC to discuss 
ILUA for easement 18 Mar21. 
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4. Environmental Principles and Factors 

This section considers the application of the principles of environmental protection in relation to the 
Proposal; identifies the environmental factors relevant to the Proposal and outlines the overall 
environmental impact assessment methodology undertaken for each preliminary key environmental 
factor. 

The Proponent’s consideration of the EP Act principles of environmental protection in relation to the 
Proposal is shown in Table 4.1. 

Table 4.1: Environmental Protection Principles 
Principle Consideration 

1. The Precautionary Principle 
Where there are threats of serious or irreversible damage, 
lack of full scientific certainty should not be used as a 
reason for postponing measures to prevent environmental 
degradation. 
 
In application of this precautionary principle, decisions 
should be guided by: 

• careful evaluation to avoid, where practicable, serious 
or irreversible damage to the environment; and 

• an assessment of the risk-weighted consequences of 
various options. 

The Proposal design reflects the Proponent’s commitment to 
undertake the redevelopment in an environmentally 
responsible manner, with a focus on minimising 
environmental impacts and delivering a sustainable 
development outcome that appropriately balances 
environmental and economic priorities (element 2020).  
 
A number of site assessments and surveys have been 
undertaken to provide an understanding of baseline 
environmental conditions and potential impacts associated 
with the Proposal. The risk of impacts to key environmental 
factors have been considered and options to avoid, minimise 
and mitigate potential any potential impacts to the 
environment have been adopted.    

2. The Principle of Intergenerational Equity 
The present generation should ensure that the health, 
diversity and productivity of the environment is maintained 
and enhanced for the benefit of future generations. 

The Proposal looks to retaining the low-key, low-impact 
nature tourism operations, providing an opportunity for 
improved management of visitor access to the surrounding 
area in consultation with relevant stakeholders such as the 
Department of  Biodiversity, Conservation and Attractions 
(DBCA). 
 
The Proposal meets the principle of intergenerational equity 
by ensuring the health of the environmental values, 
maintaining ecological functions for future generations, 
whilst minimising any impacts on the environment. 
 
A key design element of the Proposal is to limit the impact 
of buildings on the landscape and the local ecology, 
through such measures as 

- limiting foot traffic on fragile vegetation through 
use of designated paved paths; formalised beach 
access point to connect with existing beach 
access trails outside of the property; raised 
boardwalk. 

- Positioning accommodation buildings in the 
hillside contours on stilts and locating access ways 
and nature trails to consider overland water flow, 
which reduced total cut volumes and minimises 
impact on existing landforms.  

 
The Development Envelope includes the existing caravan 
park which has been in operation since 19876; and 
incorporates the historic  Lighthouse homestead and what 
remains of the exotic garden planting. Over time the 

 

6  http://www.wanowandthen.com/Vlamingh-Head.html 
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Principle Consideration 

development of the resort together with vehicular and 
pedestrian traffic have impacted the original vegetation such 
that little remnant species now exist. The redevelopment 
provides an opportunity to rehabilitate the landscape within 
the DE, consistent with the surrounding native vegetation 
and landforms.  
 
The Proposal can be implemented without significant 
impacts on the health, diversity or productivity of the 
environment as demonstrated in Section 5 of this referral. 

3. The Principle of the Conservation of Biological Diversity 
and Ecological Integrity 
Conservation of biological diversity and ecological integrity 
should be a fundamental consideration. 

The conservation of biological diversity and ecological 
integrity was a fundamental consideration in the 
assessment of this proposal.  This includes but is not limited 
to the following: 

• the development has been aligned to use existing 
roads, tracks and disturbed areas of the original caravan 
park, to minimise clearing and limit the impact of the 
built environment;  

• new areas of development are designed to use the 
natural elevation of the site,  

• landscaping will utilise native species with the aim of 
restoring a link with, and forming and extension of, the 
surrounding natural landscape.   

4. Principles Relating to Improved Valuation, Pricing and 
Incentive Mechanisms 
Environmental factors should be included in the valuation 
of assets and services. 
 
The polluter pays principles – those who generate pollution 
and waste should bear the cost of containment, avoidance 
and abatement. 
 
The users of goods and services should pay prices based on 
the full life-cycle costs of providing goods and services, 
including the use of natural resources and assets and the 
ultimate disposal of any waste. 
 
Environmental goals, having been established, should be 
pursued in the most cost-effective way, by establishing 
incentive structure, including market mechanisms, which 
enable those best placed to maximise benefits and/or 
minimise costs to develop their own solution and responses 
to environmental problems. 

The Proponent is proposing to undertake a sensitive and 

contemporary tourist accommodation redevelopment, 

providing an investment in world-class, sustainable, tourism  

which will benefit the local community and the State.  

Costs associated with management of environmental 
factors have been considered in the planning and design of 
the Proposal.   
 
The Proponent will be responsible for funding the cost of 
environmental avoidance, mitigation and management 
measures as detailed in this referral.  

5. The Principle of Waste Minimisation All reasonable and 
practicable measures should be taken to minimise the 
generation of waste and its discharge into the environment. 

Waste will be minimised by adopting the hierarchy of waste 
controls: avoid, minimise, reuse, recycle and safe disposal. 
 
A key example is the proposed reuse of treated wastewater 
for toilet flushing and site irrigation, to minimise use of 
limited fresh water supplies. 

 

4.1 Preliminary Key Environmental Factors 

The  preliminary key environmental factors identified for the Proposal are considered to be: 

• Flora and vegetation; 

• Terrestrial fauna; 

• Subterranean Fauna; 

• Marine Fauna (Marine Turtles) 
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• Inland Waters; and 

• Social Surrounds (Aboriginal Heritage; Natural Heritage). 

 

The potential impacts identified for each key environmental factor are assessed further in Section 5 

of this document. 

4.2 Other Environmental Factors 

Other environmental factors, which are not considered by the Proponent to be key environmental 
factors are discussed in Section 6 and include: 

• Terrestrial environmental quality. 

• Coastal Processes 

• Air Quality 

• Greenhouse Gas Emissions 

Environmental factors determined not to be relevant to the Proposal and the relevant justification are 
provided in Table.  

Table 4.2: Environmental Factors Not Relevant to the Proposal 
Environmental Factor Justification 

Sea - Benthic Communities and 
Habitats 

The proposal is a terrestrial development that will not directly or indirectly 
impact on this factor 

Sea - Marine Environmental Quality The proposal is a terrestrial development that will not directly or indirectly 
impact on this factor 

People – Human Health The EPA Guidance for this factor provides the specific framework for 
considering the possible impacts to human health arising from the 
emission of radiation. Emission of radiation is not a consideration for this 
proposal 

 

 

 

 

 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 41 

5. Assessment of Preliminary Key Environmental Factors 

Table 5.1 describes the policy and guidance that has been considered with respect to all key 
environmental factors, addressed in Sections 5.1 to 5.7: 

Table 5.1: Policy and Guidance Relevant to All Factors 
Policy and Guidance Key Aspects 

Statement of Environmental Principles, 
Factors and Objectives (EPA 2020) 

This statement communicates how, for the purposes of environmental impact 
assessment, the EPA: 

• considers the object and principles of the EP Act; 

• uses environmental factors and objectives to organise and systemise 
environmental impact assessment and reporting; 

• takes a holistic view of the environment and a proposal or scheme’s 
potential impact on the environment; and 

• considers significance when determining whether or not to assess a 
proposal or scheme and recommend whether or not an assessed proposal 
or scheme may be implemented. 

WA Environmental Offsets Policy 
(GoWA 2011); and 
WA Environmental Offsets Guidelines 
(GOWA 2014) 

The Western Australian Government’s Environmental Offsets Policy seeks to 
protect and conserve environmental and biodiversity values for present and 
future generations. This policy ensures that economic and social development 
may occur while supporting long term environmental and conservation values. 
 
These guidelines complement and expand on the WA Environmental Offsets 
Policy 2011 (offsets policy) by clarifying the determination and application of 
environmental offsets in Western Australia.  

5.1 Flora and Vegetation 

5.1.1 EPA Objective 

The EPA’s objective for flora and vegetation is:  

To protect flora and vegetation so that biological diversity and ecological integrity are 
maintained. 

In the context of this objective: 

Ecological integrity is the composition, structure, function and processes of ecosystems, and 
the natural range of variation of these elements (EPA 2016a). 

5.1.2 Policy and Guidance  

The relevant policy and guidance for Flora and Vegetation is summarise in Table 5.2. 
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Table 5.2: Policy and Guidance relevant to Flora and Vegetation 
Policy and Guidance Key Aspects 

Environmental Factor Guideline: Flora 
and Vegetation (EPA 2016a) 
 

This guideline provides an outline of how flora and vegetation is considered by 
the EPA in the environmental impact assessment (EIA) process.  Relevant 
matters discussed in guideline include the following: 

• Description of EIA considerations, including: 
o Application of the mitigation hierarchy; 
o The flora and vegetation affected by the proposal; 
o The potential impacts and the activities that will cause them; 
o Surveys and analyses required; 
o The significance of the flora and vegetation, and the risk to the flora 

and vegetation; and 
o The current state of knowledge of flora and vegetation and the level of 

confidence underpinning the predicted residual impacts; 

• Describes issues commonly encountered by the EPA during EIA of this 
factor; and 

• Provides a summary of the type of information that may be required by 
the EPA to undertake EIA related to this factor 

Technical Guidance – Flora and 
Vegetation Surveys for Environmental 
Impact Assessment (EPA 2016b) 
 

This guidance is intended to ensure adequate flora and vegetation data of an 
appropriate standard are obtained and used in EIA, specifically providing advice 
on: 

• Survey preparation and desktop study; 

• Determining the type of survey required; 

• Sampling techniques and survey design; and 

• Data analysis and reporting. 

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Potential impacts raised in the summary of submissions relevant to flora and 
vegetation and this Proposal include: 

• Spread of invasive species (weeds); 

• Unregulated camping destroying flora and vegetation; 

• Clearing of vegetation; 

• Loss of endemic distinct and priority flora and vegetation communities; 
and 

• Tramping of dune vegetation from tourists. 

 

5.1.3 Receiving Environment 

5.1.3.1 Studies and Investigations 

A desktop assessment and Detailed survey of the Proposal DE was undertaken by Ecoscape during 9-
14 July 2018,  in accordance with the EPA’s  Technical Guidance – Flora and Vegetation Surveys for 
Environmental Impact Assessment (EPA 2016b).  The Ecoscape Study Area is shown in Figure 5.1: Pre-
European Vegetation Mapping 
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.  

The survey area did not include the tourist park or its immediate vicinity as this area is considered (and 
mapped) as “not vegetated”.  

The field survey was conducted as a single phase survey.  At least three floristic quadrats were 
recorded in each vegetation type in areas of native vegetation where the vegetation was in Good or 
better condition, and at least one relevé in areas where access was unsafe (scree slope) or where 
survey time was restricted.  Relevés are unmeasured areas, with less background information 
collected but with the same effort applied to collecting a flora inventory as for quadrats.  

Opportunistic observations were conducted to contribute to a complete flora inventory.  Targeted 
searches were conducted for conservation significant flora in areas of suitable habitat.  

On ground observations, supported by aerial photography, were used to describe the vegetation of 
the survey area.  Extrapolated vegetation type extensions were approximated using a combination of 
aerial imagery interpretation and field observations.  

The Flora and Vegetation Technical Guidance (EPA 2016c) identifies autumn as the appropriate season 
of survey for the Carnarvon IBRA region as this is considered to represent the season following rainfall.   
However, Exmouth did not experience significant rainfall over the summer period (17.6 mm over 
January-April 2018), and did experience significant rainfall in June (141.8 mm over two events).  The 
survey timing in July 2018 is therefore optimal as the survey was conducted approximately 5 weeks 
after the first significant rainfall event (46.2 mm during 5-8 June 2018), with supplementary follow-up 
rainfall (95.6 mm on 19 June 2018). Additionally, the highest priority flora species (P2) identified as 
likely to occur based on the desktop assessment are described as having their flowering period 
corresponding with the survey period. 

There were few references to flora and vegeation studies conducted in the general vicinity of the 
Proposal and none have been conducted in the areas corresponding with the survey area. This limited 
availabiltiy of contextual information at a regional and local scale was considered a moderate 
constraint in this survey. 

Further to the findings of this survey, a Targeted Flora Survey was undertaken in vegetation within 
and adjacent to the proposed impact areas from 15 to 17 March 2021 (Strategen-JBS&G 2021). The 
scope of the survey was to undertake a targeted flora survey for Priority flora species is suitable habitat 
with the proposed impact area; and where Priority flora are recorded undertake further targeted 
surveys in areas outside the proposed impact area to provide local context to population numbers. 
The targed flora survey area is shown in Figure 5.2. 

These survey reports are provided in Appendix A and Appendix B respectively. 

5.1.3.2 Biogeographic Region 

Biogeographic regions are delineated on the basis of similar climate, geology, landforms, vegetation 

and fauna are defined in the Interim Biogeographic Regionalisation for Australia (IBRA) (DEE 2017). 

The Proposal occurs within the Carnarvon IBRA region in the Cape Range CAR1 subregion, described 
as (CALM 2002): 

“…composed of quaternary alluvial, aeolian and marine sediments overlying Cretaceous 
strata. A mosaic of saline alluvial plains with samphire and saltbush low shrublands, Bowgada 
low woodland on sandy ridges and plains, Snakewood scrub on clay flats, and tree to shrub 
steppe over hummock grasslands on and between red sand dune fields. Limestone strata with 
Acacia stuartii or A. bivenosa shrubland outcrop in the north, where extensive tidal flats in 
sheltered embayments support mangal. Cape Range and Giralia dunefields form the northern 
part of Carnarvon Basin. Rugged tertiary limestone ranges and extensive areas of red aeolian 
dunefield, Quaternary coastal beach dunes and mud flats. Acacia shrublands over Triodia on 
limestone (Acacia stuartii or A. bivenosa) and red dunefields, Triodia hummock grasslands with 
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sparse Eucalyptus trees and shrubs on the Cape Range. Extensive hummock grasslands 
(Triodia) on the Cape Range and eastern dune-fields. Tidal mudflats of sheltered embayments 
of Exmouth Gulf support extensive mangroves. Beach dunes with Spinifex communities. An 
extensive mosaic of saline alluvial plains with samphire and saltbush low shrublands along the 
eastern hinterland of Exmouth Gulf. Islands of the Muiron, Barrow, Lowendal and Montebello 
groups are limestone-based. Climate is arid, semi-desert to subtropical climate, with variable 
summer and winter rainfall. Cyclonic activity can be significant, and cyclonic systems may 
affect the coast and hinterland annually”.   

5.1.3.3 Land Systems 

The Proposal is located within the Learmonth System, which is comprised of the Tertiary Trella 
limestone and Quarternary calceranite, colluvium, alluvium and aeolian sand. The System can be 
described as ‘Sandy outwash plans marginal to the Cape Range, supporting mainly soft spinifex 
hummock grassland with scattered acacia shrubs’ (DPIRD 2021).  

5.1.3.4 Vegetation 

Beard (1990) Botanical Subdistrict 

The Proposal occurs within the Carnarvon Botanical District of the Eremaean Province which is 
characterised by Acacia scrub and low woodland moving to tree and shrub steppe in the north (Beard 
1990). 

Pre-European Vegetation  

Vegetation occurring within the region was initially mapped at a broad scale (1: 1 000 000) by Beard 
during the 1970s.  This dataset formed the basis of several regional mapping systems, including the 
biogeographical region dataset (IBRA) for Western Australia (DEE, 2017) and the physiographic regions 
defined by Beard (1975).  

The pre-European vegetation association identified from the Ecoscape survey as occurring within the 
Development Envelope are: 

• Association 662, described as hummock grassland; shrub steppe; mixed acacia scrub & dwarf 
scrub with soft spinifex & Triodia basedowii. 

• Association 664, described as hummock grasslands, sparse tree-steppe; scattered bloodwood 
over soft spinifex & Triodia sp. indet. aff. Angusta (Triodia angusta). 

The pre-European and current extents of these vegetation associations are listed in Table 1 (Ecoscape 
2018) and shown in Figure 5.1.  

Table 5.3: Pre-European Vegetation Associations Extent 

Region 
Vegetation 
Association 

Original extent 
(ha) 

Current Extent 
(ha) 

% Remaining 

Western Australia 662 284,795.92 282,125.59 99.06 

664 83,774.94 82,154.14 98.07 

IBRA biogeographic region (Carnarvon) 662 282,709.68 281,154.14 99.64 

664 83,739.62 82,164.14 98.11 

Shire of Exmouth 662 197,410.67 193,595.74 99.58 

664 83,774.94 82,154.14 98.07 
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Of the seven vegetation types were identified and recorded from within the survey area, four occur 
within the Proposal DE. These are described in Table 5.4 and shown in  Figure 5.3.  

Existing cleared areas, including the existing Ningaloo Lighthouse Caravan Park are mapped as “not 
vegetation”. 

Table 5.4: Vegetation Types within the Development Envelope 

Landform Vegetation Type 
Location within Development 
Envelope 

Extent within 
Survey Area 

 ha (%)  

Extent within 
Development 
Envelope 
ha (% of 
survey area) 

Beach: Stable 
(Hind) Dunes 

AcRp shrubland (Acacia coriacea 
and Rhagodia preissii shrubland)  

On stable (hind) beach dunes, 
merging into vegetation type 
TeSlWa grassland. 

14.88  
(13.26%) 

0.17 
(1.14%) 

Cape Range: 
Limestone 

Mc shrubland (Melaleuca 
cardiophylla shrubland)  

On the Cape Range limestone 
slopes and crests. This vegetation 
type was continuous between the 
main survey area around the 
Ningaloo Lighthouse Holiday Park 
and Vlamingh Head Lighthouse, 
and the southern survey area. 

42.49 1 
(37.87%) 

13.45 
(31.65%) 

Ab shrubland (Acacia bivenosa 
shrubland) 

On the north and west-facing scree 
slopes of the Cape Range, near 
Vlamingh Head Lighthouse. 

1.58 
(1.41%) 

0.47 
(29.75%) 

Pindan Dunes: 
red Sand 

BaDp shrubland (Banksia ashbyi 
and Daviesia pleurophylla 
shrubland) 

On the red Pindan sand dunes, 
associated with both crests and 
swales. 

22.21 
(19.79%) 

21.00 
(94.55%) 

N/A 

Not vegetation 
Existing roads, caravan park 23.68 

(21.11%) 
10.25 
(43.27%) 

TOTAL AERA 
112.20 
(100.00) 

45.34  

1 The extents do not include the Ecoscape (2018) southern survey area (Inset A) 

 
The significance of these vegetation types (Ecoscape 2018)  is discussed below:  

• AcRP shrubland (Acacia coriacea and Rhagodia preissii shrubland) 

 This vegetation type was observed to occur commonly on the northern and western shores of 
the North West Cape peninsula outside the survey area.  Similar vegetation is considered to be 
widespread and has been reported from near Learmonth, adjacent to Exmouth, near the 
entrance to the Cape Range National Park, and along the coast to the west of Cape Range 
(Ecoscape 2108).   This recorded vegetation type and the adjacent TeSlWa grassland, do not 
have any conservation significance, nor are they considered to have any regional or local 
significance and both are represented within the conservation estate in Jurabi Coastal Park and 
Cape Range National Park. 

• Mc shrubland (Melaleuca cardiophylla shrubland) 

 This is the most commonly occurring vegetation type within the survey area and Development 
Envelope. Similar vegetation is considered to be widespread and has been reported within Cape 
Range. None of the recorded vegetation types of the Limestone Hills of Cape Range have any 
formal conservation significance, and although endemic to the Cape Range, are considered to 
be widespread within and adjacent to the Range that extends for approximately 80 km to the 
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south.  These vegetation types are represented within the conservation estate in the Cape 
Range National Park 

• Ab shrubland (Acacia bivenosa shrubland) 

 This vegetation type is a somewhat species-poor version of Mc shrubland and, while of 
restricted extent due to its association with landforms that are restricted in extent, it is 
considered widespread within Cape Range. None of the recorded vegetation types of the 
Limestone Hills of Cape Range have any formal conservation significance, and although endemic 
to the Cape Range, are considered to be widespread within and adjacent to the Range that 
extends for approximately 80 km to the south.  These vegetation types are represented within 
the conservation estate in the Cape Range National Park 

• BaDp shrubland (Banksia ashbyi and Daviesia pleurophylla shrubland) 

This was the single vegetation type recorded from the red Pindan dunes and is substantially 
similar to described vegetation from the same area in other documents (Keighery & Gibson 1993; 
Meissner 2010a; 2010b; Pringle 1987 in Ecoscape 2018). Although this vegetation type does not 
have any formal conservation significance, all previous surveys that have included this landform 
and the vegetation upon it have considered the vegetation to be of significance for various 
reasons including it being confined to a restricted landform  or having unique floristic 
composition. In particular, earlier survey (Miessner 2010b in Ecoscape 2018) contend that while 
red sand dunes occur to the south of the survey area, the northern dunes where this vegetation 
type was recorded have a different floristic composition to the southern dunes and are 
represented by small (approximately 50 ha) area within the Jurabi Coastal Park. These northern 
dunes are otherwise not protected corresponding with Unallocated Crown Land (UCL). It may 
also be significant as habitat for Daviesia pleurophylla (P2). In conclusion, this vegetation type is 
considered locally and potentially regionally significant. 

None of the existing vegetation has any formal conservation significance i.e. none is representative of 
any currently described Threatened Ecological Community (TEC) or Priority Ecological Community 
(PEC). 

Vegetation condition 

The vegetation of the survey area ranged from Excellent condition to Degraded condition (Table 5.5, 
Figure 5.4), with the better condition vegetation (Very Good and Excellent) associated with the 
limestone soils of the Cape Range and the red Pindan dunes east and south of the Caravan Park.  Areas 
close to the roads, Holiday Park, powerline, along the sewerage line from the Caravan Park to the 
settling ponds to the south, and on the coastal side of Yardie Creek Road were in lesser condition, 
generally rated as such due to the amount of Buffel Grass (*Cenchrus ciliaris) in these areas.   
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Table 5.5: Vegetation Condition 

Vegetation condition 

Extent within Survey 
Area 1 

Extent within 
Development Envelope 

ha (%) ha (% of survey area) 

Excellent 17.91 (15.96%) 2.62 (2.68%) 

Very Good 52.53 (46.82%) 10.25 (10.51%) 

Good 10.85 (9.67%) 3.58 (3.67%) 

Poor 2.01 (1.79%) 1.37 (1.40%) 

Degraded 5.21 (4.64%) 3.86 (3.96%) 

Completely Degraded - - 

Not vegetated (unvegetated coastal dunes, roads, caravan park etc) 23.36 (21.11%) 23.66 (24.25%) 

1 The extents do not include the Ecoscape (2018) southern survey (inset) area. 
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Threatened and Priority Ecological Communities 

A Protected Matters Search Tool (PMST, Australian Government & DotEE 2018a) search  was 
conducted using a 10 km buffer from a central point of the survey area.  The search did not identify 
any EPBC-listed TECs within the search area buffer (Ecoscape 2018). 

5.1.3.5 Flora 

The Flora and Vegetation Technical Guidance (EPA 2016c) identifies autumn as the appropriate season 
of survey for the Carnarvon IBRA region as this is considered to represent the season following rainfall.   
However, Exmouth did not experience significant rainfall over the summer period (17.6 mm over 
January-April 2018), and did experience significant rainfall in June (141.8 mm over two events).  The 
survey timing in July 2018 is therefore optimal as the survey was conducted approximately 5 weeks 
after the first significant rainfall event (46.2 mm during 5-8 June 2018), with supplementary follow-up 
rainfall (95.6 mm on 19 June 2018) and most perennial species were flowering.  

Most annual species had not yet commenced flowering and are underrepresented in the flora 
inventory, however, none of the conservation significant species likely to occur, as identified by the 
database searches of previous records, are annuals thus constraints relating to this aspect are 
considered negligible. 

A total of 169 vascular flora species were recorded from within the survey area from floristic quadrats, 
releves and opportunistic observations (Ecoscape 2018).  Eight (4.76%) were introduced species.  Ten 
could not be identified with certainty to species level and six were only identified to family level due 
to insufficient diagnostic reproductive (flowering/fruiting) material.  The timing of the field survey, 
approximately 5 weeks following significant rainfall, was optimal for identifying shrub species, 
however, annual species were largely small and had not yet commenced flowering.  Consequently, 
due to the low probability for accurate identification, they were not collected unless there was 
sufficient diagnostic material, thus there would be additional species present in the survey area.  

The families with the highest number of taxa were Poaceae (23 taxa), Fabaceae (22), Malvaceae (14) 
and Asteraceae and Myrtaceae (seven each).  The most commonly recorded genera were Acacia (nine 
taxa), Triodia (five taxa) and Ptilotus and Scaevola (four taxa each).  The most commonly encountered 
species were Solanum lasiophyllum, recorded from 15 of 19 quadrats and releves, and *Cenchrus 
ciliaris (Buffel Grass), from 12 of 19 quadrats and releves. 

The full floral inventory is provided in Appendix A (refer to Table 21, Appendix 3).  

5.1.3.6 Conservation Significant Flora 

No EPBC Act-listed or WC Act-listed Threatened Flora were recorded in the survey area. 

Seven Priority flora species were confirmed as occurring within the survey area, with a seventh species 
considered likely to have been collected although this could not be confirmed due to the lack of 
diagnostic material (Ecoscape 2018): 

• Daviesia pleurophylla (P2) which was a dominant and characteristic species on the red Pindan 
dunes. 

• Tinospora esiangkara (P2) which was recorded from two locations (two plants), one on the red 
Pindan dunes and one on the western face of Vlamingh Head, in exposed limestone. 

• Corchorus ?congener (not confirmed but considered likely) (P3), was recorded from one location 
on coastal dunes.  This species is represented by 140 records on NatureMap and has a southwest-
northeast distribution of approximately 475 km. 
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• Eremophila forrestii subsp. capensis (P3) occurred occasionally, generally in small groups of 2-6 
plants, on exposed limestone.  This taxon is represented by eight records on NatureMap, all of 
them on the North West Cape, with a north-south distribution of approximately 50 km.   Six of 
these records are located within the conservation estate. 

• Grevillea calcicola (P3) as recorded from one quadrat on exposed limestone; this species was not 
flowering at the time of survey and additional plants are likely to occur in similar areas.  Grevillea 
calcicola has a north-south distribution of approximately 70 km, and approximately half of the 15 
NatureMap records are from within the conservation estate or lands that are of conservation 
interest and have potential to be added to the conservation estate in the future.  It has been 
previously recorded from within the survey area. 

• Stackhousia umbellate (P3) was a characteristic species from areas of exposed limestone and, in 
any given area within the habitat range, occurred at a density of 2-20 plants per 100 m2.  There 
are 15 records of this species listed on NatureMap, all except one from the North West Cape 
Peninsula within an approximate 110 km north-south range, with an outlier record from the 
Dampier Archipelago approximately 280 km to the northeast. 

• Brachychiton obtusilobus (P3) occurred on limestone, generally close to or within minor gorges 
but in the more exposed parts.  Thirteen records of this species are listed on NatureMap, all from 
within the North West Cape peninsula, within an approximate 60 km north-south range.  
Approximately half are located within conservation estate. 

Of these, the two Priority 2 listed species are considered the most significant (Ecoscape 2018): 

• Daviesia pleurophylla (P2) 

Daviesia pleurophylla is known from seven records listed on NatureMap (DPAW 2007-2018), and 
has a north-south distribution of approximately 70 km.  Five of these records are from within 8 
km of the survey area.  All records with collecting information confirm that this species occurs 
on red dunes, of  which only a a small extent is apparently within the Jurabi Coastal Park and  
therefore species restricted to this landform are unlikely to be significantly represented within 
the conservation estate.   

One of the NatureMap records is located within conservation estate; a 1970 collection from near 
Yardie Creek (in an area that, on aerial imagery, appears to be red sand dunes although Meissner 
(2010b in Ecoscape 2018) contends that these dunes are floristically different).  There is no 
record of how many plants were in the population and it is unknown if this plant/population is 
still extant.    

However, the overall lack of records of this species implies that, as well as being poorly known 
and under-represented within the conservation estate, this species is likely to be geographically 
restricted and also of significance for that reason. 

• Tinospora esiangkara (P2) 

Tinospora esiangkara is represented by nine records on NatureMap (DPAW 2007-2018), all 
within a 30 km north-south range on the North West Cape peninsula, although this record would 
extend this range by approximately 20 km.  Only one of the NatureMap records is associated 
with the conservation estate.  

Two plants of this species were recorded during this survey; one within a floristic quadrat on red 
Pindan sand and one during targeted searches (site traverses) on limestone, although it is 
possible that additional plants occur as the plant itself is not significant or showy, and is similar 
in structure to other climbing species within the survey area.    

Of the vouchered specimens of Tinospora esiangkara, only two location records have plant 
numbers listed (one plant and three plants), suggesting that it is sparsely distributed where it 
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occurs, as was observed during this survey, consistent with observations by  Meissner (2010a; 
2010b in Ecoscape 2018).  

This species also occurs in the Northern Territory, in Kakadu National Park and Arnhem Land, 
and in Queensland from Cooktown and northwards, including on Torres Strait islands. 

Targeted Flora Survey 

The Targeted Survey (Strategen-JBSG 2021) was conducted over the entire proposed impact area. The 
following conservation significant taxa were targeted based on the results of the Ecoscape (2018) 
report: 

• Daviesia pleurophylla (P2) 

• Tinospora esiangkara (P2) 

• Corchorus congener (P3) 

• Eremophila forrestii subsp. capensis (P3) 

• Grevillea calcicola(P3) 

• Stackhousia umbellata (P3) 

• Brachychiton obtusilobus (P4). 

Any conservation species identified were recorded, with population density and extent mapped. 
Where conservation significant flora were identified, suitable habitat outside of the Proposed impact 
area was searched to provide local context. 

The survey recorded seven Priority flora species, with one taxa (Stackhousia umbellata) present within 
the proposed Impact area. Table 5.6 summarises the Priority flora recorded. Figure 5.5 shows survey 
effort and the distribution of priority flora recorded within and outside of the proposed Impact area. 

Table 5.6: Priority Flora Recorded During the Targeted Survey 

Row Labels Total abundance 
Abundance within the  
proposed impact area 

Brachychiton obtusilobus 3 0 

Corchorus ?congener 6 0 

Daviesia pleurophylla 228 0 

Eremophila forrestii subsp. capensis 10 0 

Grevillea calcicola 2 0 

Stackhousia umbellata 640 19 

Tinospora esiangkara 6 0 

5.1.3.7 Significant Flora and Flora of Taxonomic Interest 

The vascular flora of the area is known to have both southern, temperate and eremaean, arid and 
semi-arid, affinities, and many species from either of these zones are at either the northern (for 
southern species) or southern (for eremaean species) end of their natural range.  Geographically, all 
species are at the western extent of their distribution due to the survey area location.  Physical 
characteristics of many species, including attributes such as leaf size and shape, and the amount of 
hairiness of some species, were also at the extremes of their recorded physiological ranges.   
 
Recorded flora that are considered significant within the study area and according to the criteria 
outlined in the Flora and Vegetation Technical Guidance (EPA 2016c):  

• Alyogyne aff. pinoniana, as it is known in this report, is of significance as it displays anomalous 
features in respect to its leaf shape.  The only other record of this taxon sensu. stricto. in the 
Western Australian Herbarium from the vicinity also displays these anomalous features, thus it is 
possible that there may be sufficient taxonomic variation to suggest that it may be a new species 
or subtaxon. 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 55 

• Banksia ashbyi subsp. boreoscaia; range edge for the genus Banksia (except for tropical species) 
and for this species and subspecies 

• Hibbertia spicata subsp. spicata; part of a known disjunct population, separated from the main 
southwest distribution by approximately 500 km. Within the survey area it was a widespread and 
characteristic species of the shrublands on limestone. 

• Olax aurantia; part of a known disjunct population, separated from the main southwest 
distribution by approximately 500 km; this species was sparsely distributed on the red Pindan 
dunes. 

• Owenia reticulata; range extension of over 100 km (according to the distribution illustrated on 
NatureMap, DPAW 2007-2018 in Ecoscape 2018). It was sparsely distributed on the red Pindan 
dunes. 

• Paraneurachne muelleri; range extension of over 100 km. This is the first record of this wide-
ranging species from the peninsula and a range extension of over 100 km.  It was recorded from 
one quadrat on limestone. 

• Synostemon rhytidospermus; range extension of over 100 km. It was observed occurring sparsely 
in cracks on limestone slopes, in shrubland vegetation. 

Only one taxon was considered as potentially of taxonomic interest.  Alyogyne aff. pinoniana, (in 
Ecoscape 2018) exhibited only slightly lobed leaves, whereas most specimens of Alyogyne pinoniana 
sensu stricto housed in the Western Australian Herbarium exhibited more deeply divided, crenulate-
margined leaves.  One specimen in the Herbarium, also from Cape Range (J. English 204), was 
considered to match the specimens collected during this survey suggesting there may be variation 
within the species confined to this area. 

None of the above are of conservation significance. No flora species collected from within the survey 
area (Ecoscape 2018) are of specific taxonomic interest.    

5.1.3.8 Introduced Flora 

A desktop search of DPIRD identified 45 Declared Pests species under the Biosecurtiy and Agriculture 
Management Act 2007 (BAM Act) for the Shire of Exmouth, of which none have been collected within 
from within 10 km of the Ecoscape (2018) survey area.  Similarly of the 32 Weeds of National 
Signifiance (WON) listed for Australia, non have been collected within 10 km of the survey area. 
However, Tamarix aphylla (Athel Tree, Tamarix, Salt Cedar) that is a listed species (and Declared Pest 
plant) is ferequently planted as a shade tree in arid and semi-arid areas, including at the Lighthouse 
Caravan Park (Ecoscape 2018). 

The immediate environs of the existing Ningaloo Lighthouse Caravan Park were not included in the 
Ecoscape (2018) field survey. 

Eight introduced flora species (weeds), representing 4.76% of the total flora species, were recorded 
during the field survey (Figure 5.4).  Buffel Grass (*Cenchrus ciliaris) was the most commonly recorded 
introduced species occurring in 12 of 19 quadrats and relevés, and was a major contributor to 
vegetation condition assessment of Very Good being the highest (best) vegetation condition score 
recorded for all areas near the Holiday Park and near roads and other infrastructure.  

One Declared Pest plant and WONS species was recorded; a single *Tamarix aphylla clump (most likely 
a single, large plant, Plate 1) was recorded on the beach north of the Caravan Park.  It is unknown if 
this was deliberately planted, however, given its position at the end of a minor creek draining from 
the nearby Caravan Park where this species is the most common planted shade tree and wind break, 
it is likely to have invaded the area.  However, despite being listed as a Declared Pest and WONS weed, 
there are no management requirements. 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 56 

5.1.4 Potential Impacts 

The Proposal requires up to 3.98 ha of native vegetation to be cleared (Figure 2.2). 

The following potential impacts to Flora and Vegetation associated with the Proposal have been 
identified: 

• Direct loss of 3.98 ha of native vegetation resulting from clearing and ground disturbance. 

• Direct loss of 19 individuals of Priority 3 species Stackhousia umbellate, which represents 0.16% 
of the known local population with 640 individuals recorded within the wider area. 

• Indirect impacts to adjacent native vegetation, resulting in habitat loss, degradation and 
fragmentation, as a result of the project. Contributing factors may include the spread of invasive 
species (weeds); and altered fire regimes. 

These  impacts in combination with climate change, may exacerbate impacts to flora and vegetation. 
Climate change in Western Australia is likely to increase in frequency and intensity of cyclones and be 
responsible for increases in temperature (Western Australian Government 2012). 

An assessment of the potential direct and indirect impacts of the Proposal on  Flora and Vegetation is 
provided in Section 5.1.5. 
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5.1.5 Assessment of Impacts 

5.1.5.1 Direct Impacts 

Clearing of native vegetation will result in the permanent loss of 3.98 ha of native vegetation, with the 
impacts vegetation associations, types and conservation significant flora shown in Table 5.7 and Table 
5.8. 

The pre-European vegetation associations associated with the survey area all have greater than 98% 
of their original extents remaining at state, bioregion, subregion and local government extents. The 
impact of clearing of 3.98 ha of vegetation on each of the vegetation associations is shown in Table 
5.7. This impact is not considered significant on either a regional or local scale.  

Table 5.7: Direct Impacts on Pre-European Vegetation 
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Table 5.8: Direct Impacts on Vegetation 

Landform Vegetation Type 
Location within Development 
Envelope 

Extent within 
Survey Area 

 ha (%)  

Extent within 
Development 
Envelope 
ha  
(% of survey 
area) 

Extent to be 
Cleared  
ha 
(% of survey 
area) 

Beach: Stable 
(Hind) Dunes 

AcRp shrubland (Acacia 
coriacea and Rhagodia preissii 
shrubland)  

On stable (hind) beach dunes, 
merging into vegetation type 
TeSlWa grassland. 

14.88  
(13.26%) 

0.17 
(1.14%) 

0.00 
(0.00%) 

Cape Range: 
Limestone 

Mc shrubland (Melaleuca 
cardiophylla shrubland)  

On the Cape Range limestone 
slopes and crests. This 
vegetation type was continuous 
between the main survey area 
around the Ningaloo Lighthouse 
Holiday Park and Vlamingh Head 
Lighthouse, and the southern 
survey area. 

42.49 1 
(37.87%) 

13.45 
(31.65%) 

0.64 
(1.51%) 

Ab shrubland (Acacia 
bivenosa shrubland) 

On the north and west-facing 
scree slopes of the Cape Range, 
near Vlamingh Head Lighthouse. 

1.58 
(1.41%) 

0.47 
(29.75%) 

0.06 
(3.80%) 

Pindan Dunes: 
red Sand 

BaDp shrubland (Banksia 
ashbyi and Daviesia 
pleurophylla shrubland) 

On the red Pindan sand dunes, 
associated with both crests and 
swales. 

22.21 
(19.79%) 

21.00 
(94.55%) 

3.28 
(14.77%) 
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Landform Vegetation Type 
Location within Development 
Envelope 

Extent within 
Survey Area 

 ha (%)  

Extent within 
Development 
Envelope 
ha  
(% of survey 
area) 

Extent to be 
Cleared  
ha 
(% of survey 
area) 

N/A 

Not vegetation 
Existing roads, caravan park 23.68 

(21.11) 
10.25 
(43.27%) 

N/A 

TOTAL  
112.20 
(100.00) 

 3.98 

 

No Threatened flora is known within the study area.  

One flora species of conservation significance was recorded within the Proposed impact area 
(Stackhousia umbellata) with 19 individuals present. This represents (0.16%) of the known local 
population of this taxa, with 640 individuals recorded within the wider area. This species is known 
from 27 records, all but two of which are confined to within 105 kilometres of the North West Cape 
(DBCA 2007-). The remaining two records are known from an island 20 km north west of Dampier. 
Habitat for Stackhousia umbellata is present throughout the limestone ranges surrounding the 
proposed impact area, with additional surveys highly likely to additional numbers. 

The remaining priority flora were recorded outside of the proposed impact area. 

The proposed clearing is unlikely to result in significant impacts to conservation significant flora at 
either a local or regional scale. 

5.1.5.2 Indirect Impacts - Habitat Loss, Degradation and Fragmentation 

Habitat loss and fragmentation affect the survival of individual populations as well as entire species 
and, in time, may affect the functioning of entire ecosystems, particularly where large scale clearing 
occurs. 

The vegetation types (Table 5.4) correspond with three major habitat types within the survey area. As 
shown in  
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Table 5.8  almost all of the development envelope occurs  within the Cape Range Limestone habitat 
(13.92 ha of which 0.7 ha will be cleared) and to a lesser extent the Pindan Dunes red Sand (21 ha of 
which 3.28 ha will be cleared). No new clearing will occur within the Beach: Stable Hind Dunes habitat. 
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Coastal dunes are widespread and indirect impacts are likely to be limited to temporary disturbance  
due to windblow sand during construction; and weed invasion exacerbated by soil disturbance as a 
result of redevelopment of the adjacent area (existing caravan park). 

The limestone hills and crest, and to a lesser extent the minor habitat types occurring within them 
(gorges and gullies, and scree slopes), are largely resistant to degradation due to the hard substrate 
that resists weed invasion and erosion in most forms, even when cleared.  Sheltered gorges and gullies 
are more prone to weed invasion due to the more protected environment, and scree slopes more 
prone to wind and water erosion if vegetation is removed.  

The red Pindan dunes are locally more restricted, and have a higher potential for degradation as 
clearing exposes the soil to wind erosion, and the sandy soils are more susceptible to weed invasion.  
These dunes are also almost the only habitat for Daviesia pleurophylla (P2) which, on a population 
scale, is almost entirely confined to this habitat type. This species was not recorded within the 
development footprint during the Targeted Flora Survey (Strategen 2021). The proposed clearing 
within this habitat is small-scale and there will be no direct impact on this species.  

No Threatened Flora species are known to occur within approximately 50 km of the survey area, and 
the proposed development will not affect these species.    

Fragmentation is unlikely to be significant as a result of the Proposal as the area, in general, forms 
contiguous habitat and this is unlikely to change in the future. 

5.1.5.3 Indirect Impacts – Invasive Species 

Invasive species compete with flora and vegetation and compete for resources, increase herbivory 
and severity of disease impacts, and alter the physical environment in ways that exclude native species 
or promote invasive species (EPA 2016s).  

As described in Ecoscape (2018), eight introduced species were recorded from the survey area; one is 
a Declared Pest plant and WONS species.  *Tamarix aphylla has been planted as a shade tree and 
windbreak within the Caravan Park, and a single individual was recorded within the survey area on the 
beach edge, at the head of a minor creek draining the Caravan Park.  Although this species is 
potentially invasive, and the individual is unlikely to have been deliberately planted, invasion by this 
species does not overall appear to have occurred, however, may potentially occur in the future.  

Buffel Grass (*Cenchrus ciliaris), introduced as a pastoral species, is significantly affecting the 
vegetation condition in parts of the survey area, particularly on sandy soils and adjacent to human 
development including roads.  Clearing, especially on sandy soils, potentially provides additional 
habitat for this species.  

Kapok Bush (*Aerva javanica) was observed along all road verges throughout the survey area, however 
the only uncleared areas where this species was recorded was adjacent to the sewerage pipe between 
the Caravan Park and the sewage settling ponds to the south, and on the scree slopes between the 
Vlamingh Head Lighthouse and Yardie Creek Road.  This species has the potential to invade any cleared 
area.  

Stinking Passion Flower (*Passiflora foetida) was observed in only one minor gorge within the survey 
area, although it has potential to invade other areas.  

None of the other introduced species recorded from the survey area (*Bidens subalternans var. 
simulans, unidentified succulent, Date Palm *Phoenix dactylifera, or Common Sowthistle *Sonchus 
oleraceus) are likely to have a significant impact should development within the survey area occur. 

5.1.5.4 Indirect Impact – Fire Regimes 

Fire occurs naturally in the landscape as a result of lightning strike and vegetation has evolved to 
recover rapidly.   Fire has also been used by Traditional Owners to flush game and generate new 
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growth that attracts herbivores, and has been used by pastoralists to generate new growth that is 
more palatable to livestock (Ecoscape 2018).  

Although fire is an important process for regeneration and renewal of many Australian species and 
ecosystems, some fire regimes can adversely impact flora and vegetation through alteration of the 
structure and composition of vegetation, increased soil erosion, and expansion of weed and feral 
animal populations (EPA 2016a).   

A review of bushfire history has been undertaken to inform the Bushfire Management Plan (BMP) 
required as part of the Development Application for the Proposal (Strategen-JBS&G 2019). A review 
of the yearly burnt area maps on Firewatch show that the last significant fire in the North West Cape 
occurred in 1998 where a significant bushfire occurred around Exmouth and extended out to the 
proposed development.  Other than the bushfire in 1998, fire mapping shows no burnt areas occurring 
in the North West Cape near the proposed development between 1989 and 2019.   

No evidence of recent fire was observed within the survey area during either the 2018 ecological 
survey (Ecoscape 2018) or the 2019 inspection for the BMP (Strategen-JBS&G 2019). 

As part of the bushfire risk assessment, whilst the historical evidence indicates a bushfire outside of 
the development is possible, it was noted that the likelihood of bushfire within or around the project 
area, is not considered a likely occurrence. The Proposal is unlikely to alter the frequency, intensity or 
extent of fires. 

5.1.5.5 Indirect Impact – Changing Climate 

Climate change impacts on native flora and vegetation may be of importance as a cumulative impact 
when taking all changing factors into account, however, of its own, climate change is unlikely to be to 
be a significant factor in the survey area.  Given the small scale of proposed clearing, any effects on 
the flora and vegetation cumulatively with climate change are unlikely to be significant.  

The survey area was considered to extend to the high water mark, which, with anticipated sea-level 
rise (of approximately 0.12 m by 2030) associated with a warming climate, may be affected by climate 
change (Ecoscape 2018). However, no new development within the coastal dunes is proposed, 
therefore this aspect is not significant to the flora and vegetation values of the survey area. 

5.1.6 Mitigation Measures 

The objective of the mitigation measures is to reduce the residual impact to Flora and Vegetation 
within the Development Envelope resulting from the implementation Proposal.   

The key mitigation measures for Flora and Vegetation are: 

Minimise 

• Planning and design of buildings and associated infrastructure and tracks to utilise all the existing 
disturbed areas, to limit the amount of clearing required for new facilities. 

• Minimising risk of human sources of bushfire ignition by managing vegetation fuel loads within 
the Development Envelope particularly in the vicinity of power network and fuel service station 
and providing designated smoking areas and butt bins throughout the facility.  

• Minimise fire risk through landscaping with low-threat and managed gardens, planted sparsely 
enough to achieve exclusion in accordance with AS 3959—2018 Construction of Buildings in 
Bushfire-Prone Areas (AS 3959; SA 2018). 

• Active weed management throughout the Proposal development and subsequent operation (e.g. 
spraying, removal). In particular, the planted invasive species, *Tamarix aphylla are proposed to 
be removed part of the redevelopment and replaced with native vegetation.  
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• Management of visitor access through dunes to the beach adjacent to the Proposal (responsibility 
of the Shire of Exmouth) to be assisted by designing the foreshore access track within the Proposal 
DE as a formal pathway to discourage uncontrolled access through the coastal dunes. 

Rehabilitate 

• Revegetation of cleared and degraded areas through  landscaping around the development, 
utilising native grassland and shrub mixes and sparse trees, to mimic the surrounding hummock 
grassland and dune vegetation found currently surrounding the site.  

5.1.7 Predicted Outcome 

The Proposal  will result in: 

• Clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned for tourist 
development under the Shire of Exmouth’s Local Planning Scheme.   

• Direct loss of 19 individuals of Priority 3 species Stackhousia umbellate, which represents 0.16% 
of the known local population with 640 individuals recorded within the wider area. 

No direct or indirect impacts to Conservation Reserves will occur. 

The clearing required for the Proposal is not considered to  have  significant residual impacts at either 
a local or regional scale and therefore the objectives of this factor can be met. 
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5.2 Terrestrial Fauna 

5.2.1 EPA Objective 

The EPA’s objective for terrestrial fauna is:  

To protect terrestrial fauna so that biological diversity and ecological integrity are maintained. 

In the context of this objective: 

Ecological integrity is the composition, structure, function and processes of ecosystems, and 
the natural range of variation of these elements (EPA 2016a). 

5.2.2 Policy and Guidance  

The relevant policy and guidance for Terrestrial Fauna is summarised in Table 5.9.  

Table 5.9: Policy and Guidance relevant to Terrestrial Fauna 
Policy and Guidance Key Aspects 

Environmental Factor Guideline: 
Terrestrial Fauna (EPA, 2016c) 

 

This guideline provides an outline of how Terrestrial Fauna is considered by the 
EPA in the EIA process.  Relevant matters discussed in the Guideline include 
the following: 

• Description of EIA considerations, including: 
o Application of the mitigation hierarchy; 
o The terrestrial fauna affected by the proposal; 
o The potential impacts and the activities that will cause them; 
o Surveys and analyses required; 
o The significance of and risks to the fauna; 
o The current state of knowledge of terrestrial fauna and the level of 

confidence underpinning the predicted residual impacts; 
o Describes issues commonly encountered by the EPA during EIA of this 

factor; and 
o Provides a summary of the type of information that may be required 

by the EPA to undertake EIA related to this factor. 

The Proponent has specifically considered this guidance in the following ways: 

• Surveys and analyses undertaken and planned to describe the receiving 
environment and its significance; 

• Identification of activities which may lead to impacts to terrestrial fauna; 
and 

• Application of the mitigation hierarchy in elements of Proposal design. 
 

Technical Guidance – Terrestrial Fauna 
Surveys (EPA, 2016d) 

 

This guidance is intended to provide information on standards and protocols 
for terrestrial fauna surveys to ensure adequate data of an appropriate 
standard are obtained and used in EIA, specifically providing advice on: 

• Survey preparation and planning; 

• Determining the type of survey required; and 

• Presentation and reporting. 

Technical Guidance – Sampling 
Methods for Terrestrial Vertebrate 
Fauna (EPA, 2016e) 

 

This guidance is intended to provide information on standards and protocols 
for terrestrial fauna surveys to ensure adequate data of an appropriate 
standard are obtained and used in EIA, specifically providing advice on: 

• Pre-survey protocols; 

• Determining the level of survey required; 

• Sampling techniques for specific fauna; and 

• Survey design; and Data analysis and reporting. 
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Policy and Guidance Key Aspects 

Technical Guidance – Sampling of short 
range endemic invertebrate Fauna 
(EPA, 2016f) 

 

This Guidance provides information on the standards and methods of survey 
required to assist in collecting the appropriate data on short range endemic 
species (SREs) for EIA. 

For the purpose of this Guidance, SREs are defined as terrestrial and 
freshwater invertebrates that have naturally small distributions of less than 
10,000 km2. Within this distribution, the actual areas occupied may be small, 
discontinuous or fragmented. 

Within the context of EIA in Western Australia, the term SRE has effectively 
been used in this Guidance Statement to refer only to surface dwelling 
invertebrates.  

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Submissions noted that the Cape Range peninsula supports a rich diversity and 
endemism of invertebrate species, reptiles and birds. Specific reference was 
made to the following conservation significant species: 

- Stygiochiropus sympatricus millipede, Critically Endangered under 
the Biodiversity Conservation Act 2016 (BC Act). 

- Black-flanked rock-wallaby (Petrogale lateralis), Vulnerable (EPBC 
Act, BC Act). 

Potential impacts raised in the summary of submissions relevant to terrestrial 
fauna and this Proposal include: 

• Clearing and fragmentation of fauna habitat. 

• Pest and predation from invasive species (foxes, cats) 

• Poor waste management and associated increase in seagulls 

 

5.2.3 Receiving Environment 

5.2.3.1 Studies and Investigations 

Terrestrial Vertebrate Fauna 

A desktop assessment and Level 1 survey of the Proposal was undertaken by Ecoscape during 9-14 
July 2018,  in accordance with the EPA’s  Technical Guidance – Terrestrial Fauna Surveys (EPA 2016b).  
The Ecoscape Study Area is shown in Figure 5.1 and the report is provided in Appendix A.  

The fauna field assessment included identifying fauna habitat, with fauna species identified 
opportunistically based on sightings, calls, remains, diggings and other signs.  Potential habitats for 
conservation significant species were identified and evaluated and their likelihood of occurrence 
assessed.   There were no or negligible constraints in relation to the survey adequacy.  

Short Range Endemic Invertebrates 

A desktop assessment was undertaken by Bennelongia (2021a) to determine the likelihood of 

potential occurrence of short range endemic (SRE) invertebrates ,including conservation significant 

species,  within  the vicinity of the Proposal and outline the potential impacts to SREs from the 

Proposal.  Existing records of terrestrial invertebrates and associated habitat information were 

examined to appraise the likelihood of SRE or listed invertebrate species occurring in the vicinity of 

the Proposal. 

The factors considered when evaluating the SRE status of each species in the Bennelongia (2021a) 
report were the known range of the species, habitat(s) at the collection location(s) and the spatial 
extent and connectivity of these habitats, as well as the distribution patterns of phylogenetically 
related surrogate species (ideally members of the same genus). 
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SRE habitat prospectivity was assessed by reviewing recent vegetation and landform mapping 

(Ecoscape 2018), as well as observations from a brief reconnaissance trip by Bennelongia between the 

12th and 14th of January, 2021. Emphasis was placed on identifying relict, isolated, sheltered, or moist 

habitats, such as rocky outcrops, that are generally considered to be more prospective for SRE species. 

An important caveat on this assessment is that the prospective habitats identified within the Proposal 

DE, were originally categorized based on their suitability as habitats for terrestrial vertebrates, and 

they have limited suitability as indicators for SRE invertebrates, as these animals are distributed at the 

microhabitat scale.  

Bennelongia (2021a) were engaged to undertake a SRE survey in accordance with Technical Guidance 

– Sampling of short range endemic invertebrate Fauna (EPA, 2016f) to provide additional information 

to, and to confirm (or otherwise) the conclusions of, the desktop assessment. The field work for this 

survey was undertaken from 15 to 19 March 2021,  with the final report incorporating the survey 

findings with the desktop assessment provided in Appendix C.  The aim of the survey was to collect 

species from recognised SRE groups in representative habitats within the Project area and associated 

borefield. 

Many SRE Groups are most active, and therefore likely to be collected, during and immediately 

following substantial rainfall. A very significant amount of rain fell 13 days before the start of the 

survey: the weather station at Exmouth town recorded a total of 123 mm rainfall from 1-3 March 

2021. Unfortunately, no more rain was recorded in the survey area during the remainder of March, 

with the exception of 0.2 mm on 15 March, the first day of the survey.     

5.2.3.2 Fauna Habitat 

Five fauna habitat types were recorded from within the Ecoscape (2018) survey area: 

• Dune crest; 

• Dune swale; 

• Rocky hills and slopes; 

• Sheltered gullies and minor caves; and 

• Coastal dunes. 

None of the habitat types are confined to the survey area and all occur commonly in areas adjacent 
to the survey area.  The most confined of these habitat types are those associated with the red Pindan 
dunes, that while occupying an estimated 3,500 ha in the local area (including approximately 22 ha 
within the survey area), are isolated by at least 40 km from the nearest similar habitat type.  

The fauna habitats that occur within the Proposal DE, described in Table 5.10 and Figure 5.6, are dune 
swales, rocky hills and slopes and sheltered gullies and minor caves.  
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Table 5.10: Fauna Habitat Type Description  

Habitat type Description Photo 
Extent within 
Survey Area 
 (ha) 

Extent within 
DE 
 (ha) 

Dune swale The red Pindan dune swales of the eastern 
and south eastern portion of the survey 
area were vegetated largely by Spinifex 
(Triodia) hummock grasses, with varying 
cover of low to medium (less than 2 m high) 
shrubs (and rarely mallees) and extensive 
bare soil areas.  Except directly under more 
dense shrubs, and within the Spinifex 
hummocks, there is virtually no leaf litter.  
Low trees or mallees are only very sparsely 
present thus there are no logs in most 
areas, and only very small logs in the mallee 
patches.    

The dune swales formed significant habitat 
for some of the reptile assemblage 
including Ctenophorus species (Dragon 
Lizards) and Aprasia rostrata (Ningaloo 
Worm-lizard, P3).  The occasional mallee 
provided habitat for the smaller bird 
species.   

 

17.89 17.52 

Rocky hills 
and slopes 

The rocky hills and slopes of the Cape 
Range, with extensive areas of exposed 
limestone and loose limestone rocks, were 
vegetated largely by low shrubs and 
Spinifex (Triodia) hummock grasses.  Leaf 
litter is almost entirely absent and there are 
no logs present in this habitat.  

The loose limestone rocks provide 
significant habitat for much of the reptile 
assemblage including Diplodactylus 
capensis (Cape Range Stone Gecko, P2). 

 

47.14 14.05 
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Habitat type Description Photo 
Extent within 
Survey Area 
 (ha) 

Extent within 
DE 
 (ha) 

Sheltered 
gullies and 
minor caves 

The rugged limestone Cape Range had a 
small number of sheltered gullies that 
included minor caves, providing shaded 
habitat for fauna species.  Minor caves also 
occurred around the knoll with the 
Vlamingh Head Lighthouse.  The vegetation 
within these gullies included taller shrubs 
and small trees (e.g. Acacia 
tetragonophylla, Ficus brachypoda), as well 
as low shrubs and Spinifex (Triodia) 
hummock grasses.  Leaf litter was present in 
some of the more sheltered areas, not 
including the minor creeklines that formed 
these gullies.  

The sheltered gullies, and in particular the 
minor caves, provided habitat for reptiles 
including Lerista allochira (Cape Range 
Slider, P3) and Diplodactylus capensis (Cape 
Range Stone Gecko, P2), and small 
mammals including Pseudantechinus roryi.  
In areas more isolated from human contact, 
the gullies would provide habitat for 
Petrogale lateralis (Black-flanked Rock 
Wallaby, EN), however, the Wallaby was not 
present within the survey area. 

 

1.19 0.04 
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5.2.3.3 Terrestrial Fauna Assemblage 

Forty-six vertebrate fauna species, listed in Table 5.11, were recorded during the field survey from 
opportunistic observations, during targeted searches, motion camera records and secondary signs, 
consisting of six mammals (three introduced), 28 birds and 12 reptiles.  

Table 5.11: Recorded Fauna Species 

Species Common Name Conservation Code 

Mammals 

Felis catus Feral Cat - 

Oryctolagus cuniculus Common Rabbit - 

Osphranter robustus Common Wallaroo - 

Ovis aries Sheep - 

Pseudantechinus roryi Rory Cooper’s False Antechinus - 

Tachyglossus aculeatus Short-beaked Echidna - 

Reptiles 

Gehyra pilbara Pilbara Dtella - 

Lerista allochira   Cape Range Slider P3 

Lerista bipes North-western Sandslider - 

Lerista elegans Elegant Slider - 

Lerista macropisthopus subsp. fusciceps Unpatterned Robust Slider - 

Lerista miopus Northern Dotted-line Robust Slider - 

Lerista planiventralis Keeled Slider - 

Menetia greyii Common Dwarf Skink - 

Morethia lineoocellata West Coast Morethia Skink - 

Morethia ruficauda subsp. exquisita Lined Firetail Skink - 

Notoscincus ornatus Ornate Soil-crevice Skink - 

Simoselaps bertholdi Jan's Banded Snake - 

Birds 

Aquila audax Wedge-tailed Eagle - 

Calamanthus campestris Rufous Fieldwren - 

Chroicocephalus novaehollandiae Silver Gull - 

Chrysococcyx basalis Horsefield's Bronze-cuckoo - 

Circus assimilis Spotted Harrier - 

Coracina novaehollandiae Black-faced Cuckoo-shrike - 

Corvus orru Torresian Crow - 

Cracticus nigrogularis Pied Butcherbird - 

Dromaius novaehollandiae Emu - 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 70 

Species Common Name Conservation Code 

Elanus axillaris Black-shouldered Kite - 

Emblema pictum Painted Finch - 

Falco berigora Brown Falcon - 

Falco cenchroides Australian Kestrel - 

Gavicalis virescens Singing Honeyeater - 

Haliastur sphenurus Whistling Kite - 

Lalage tricolor White-winged Triller - 

Lichmera indistincta Brown Honeyeater - 

Malurus leucopterus White-winged Fairy-wren - 

Manorina flavigula Yellow-throated Miner - 

Merops ornatus Rainbow Bee-eater - 

Pandion haliaetus Eastern Osprey IA 

Pardalotus rubricatus Red-browed Pardalote - 

Pardalotus striatus Striated Pardalote - 

Poodytes carteri Spinifexbird - 

Ptilonorhynchus guttatus Western Bowerbird - 

Rhipidura leucophrys   Willie Wagtail - 

Stipiturus ruficeps Rufous-crowned Emu-wren - 

Taeniopygia guttata Zebra Finch - 

 
Of the six mammals recorded (Ecoscape 2018), none were of conservation significance and three were 
introduced (Cat, Rabbit, Sheep).  The native species were Euro (Osphranter robustus) and Echidna 
(Tachyglossus aculeatus), both of which are common, frequently encountered, highly visible and wide-
ranging and not requiring specific habitat types, and Pseudantechinus roryi, which was recorded on 
motion camera in a minor cave to the east of the Vlamingh Head Lighthouse.  This small carnivorous 
marsupial is not of conservation significance and has a range extending from the North West Cape 
peninsula, which is a disjunct population, through the Pilbara, Great Sandy Desert, Little Sandy Desert, 
Gibson Desert and Great Victoria Desert bioregions. consider The Cape Range population may 
represent an undescribed taxon (Menkhorst & Knight 2011 in Ecoscape 2018).  For this reason this 
species may be considered as significant (EPA 2016d).  
 
Twelve reptiles were recorded during the field survey, only one of which was of conservation 
significance; Lerista allochira (Cape Range Slider, P3).  This species is known only from the North West 
Cape peninsula, inhabiting a known range of approximately 70 km north-south and 20 km east-west.  
All habitat types provided suitable areas for various reptile species. 
 
The suite of reptiles, and the number of individuals observed during the field survey was considered 
by Ecoscape (2018) to be low compared to what was expected given the weather conditions and 
season of survey.  It is possible that the extremely hot and dry summer (Section 5.1.3.1) may have 
affected reptile populations, and residual populations may have been lower than usual. For example,  
Ecoscape considers that Aprasia rostrata (Ningaloo Worm-lizard, P3) should have been located during 
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the field survey if it was present, however, Diplodactylus capensis (Cape Range Stone Gecko, P2) was 
not expected to be recorded as temperatures were not sufficiently high.  Both species were considered 
to have a Medium likelihood of occurring.  The risk of impact to these species is considered in 
Section 5.2.3.4. 
 
Twenty eight bird species were recorded.  Only one, Osprey (Pandion haliaetus), was of conservation 
significance as it is listed for protection under international agreements, however, this species is 
frequently recorded in mostly coastal areas all over Australia, and also in Sulawesi, Java, New Guinea 
and New Caledonia (Atlas of Living Australia 2018).  No other species of conservation significance were 
recorded, and all recorded birds are considered as commonly occurring.  All habitat types were utilised 
by various species. 

5.2.3.4 Conservation Significant Vertebrate Fauna 

A review of databases and previous survey reports in the proximity of the survey area was undertaken, 
including the following sources:   

• PMST search (Australian Government & DotEE 2018a, search reference PMST_2V6IIK) using a 10 
km buffer around a central point within the survey area; 

• NatureMap (DPaW 2007-2018), using a 10 km buffer of a point central within the survey area; 

• DBCA database search (search reference FAUNA#5758), using a 20 km buffer around a central 
point; and 

• previous survey reports. 

The database and literature searches identified conservation significant vertebrate fauna species that 
have been previously recorded at or near the survey area, or for the PMST, where the species or 
suitable habitat ‘may’ occur or is ‘likely to occur’.   The conservation significant species included in the 
database searches (Table 19 of Appendix A) comprised:  

• three mammals; two identified only via the PMST, both as ‘species or habitat may occur’; 

• three reptiles; and 

• 39 birds; 27 protected under international agreements without other conservation significance, 
and three identified only via the PMST as ‘species or habitat may occur’ or ‘species or habitat likely 
to occur’. 

No threatened fauna are known to occur within or close to the survey area.  

The likelihood of occurrence of the conservation significant fauna species identified by the database 
and literature searches as being known from nearby was assessed in a similar manner to flora, using 
the following criteria:  

• suitability of habitats present within the survey area; 

• distance between previous record of conservation significant species and the survey area; 

• frequency and number of records in the region; and 

• date of record of conservation significant species (recent or historical).  

The sufficiency of information and behavioural and ecological characteristics, such as cryptic 
behaviours were also taken into account.  Using the above criteria, the categories of likelihood of 
occurrence are shown in Table 5.12. 

Table 5.12: Categories for Likelihood of Occurrence of Conservation Significant Fauna 

Likelihood Categories 

Recorded Species recorded within the survey area within a reasonable timeframe (0-5 years) 
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Likelihood Categories 

High Species recorded in close proximity to the survey area (<5 km) within the past 10 years; and suitable habitat 
occurs within the survey area 

Medium Species historically recorded in close proximity (<5 km) to the survey area, more than 10 years ago; and suitable 
habitat may exist within the survey area 

Low Species not recorded in the proximity of the survey area or rarely recorded within 10 km of the survey area; 
and suitable habitat unlikely to occur within the survey area 

Very low Species not recorded by multiple surveys/databases within 20 km of the survey area and suitable habitat does 
not occur within the survey area, however species or suitable habitat is listed as potentially occurring in the 
wider region 

Species with the highest likelihood of occurring in the survey area (i.e. ‘recorded’ and ‘high’, as defined 
in Table 5.12) are highlighted in Table 5.13. These, and their habitats, formed the basis of searches 
during the field survey.  

Table 5.13: Conservation Significant Fauna Likelihood Assessment 

Species Common Name Conservation Code Likelihood 

Mammals 

Dasyurus hallucatus Northern Quoll EN Very Low 

Petrogale lateralis   Black-flanked Rock-wallaby EN Very Low 

Rhinonicteris aurantia (Pilbara form) Pilbara Leaf-nosed Bat VU Very Low 

Reptiles 

Aprasia rostrata Ningaloo Worm-lizard P3 Medium 

Diplodactylus capensis Cape Range Stone Gecko P2 Medium 

Lerista allochira   Cape Range Slider P3 Recorded 

Birds 

Arenaria interpres Ruddy Turnstone IA Medium 

Calidris acuminata Sharp-tailed Sandpiper IA Medium 

Calidris alba Sanderling IA Medium 

Calidris canutus Red Knot IA (VU at subsp.) Medium 

Calidris ferruginea Curlew Sandpiper VU & IA Low 

Calidris ruficollis Red-necked Stint IA Low 

Calidris subminuta Long-toed Stint IA Medium 

Charadrius leschenaultii Greater Sand Plover IA (VU at subsp.) Medium 

Charadrius mongolus Lesser Sand Plover EN & IA Medium 

Charadrius veredus Oriental Plover IA Low 

Falco peregrinus Peregrine Falcon OS Low 

Gelochelidon nilotica Gull-billed Tern IA Medium 

Glareola maldivarum Oriental Pratincole IA Medium 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 73 

Species Common Name Conservation Code Likelihood 

Limosa lapponica subsp. baueri Bar-tailed Godwit VU & IA Low 

Macronectes giganteus Southern Giant Petrel IA Very Low 

Numenius madagascariensis Eastern Curlew EN Medium 

Numenius minutus Little Curlew IA Medium 

Numenius phaeopus Whimbrel IA Low 

Oceanites oceanicus Wilson's Storm-petrel IA Medium 

Pandion haliaetus Eastern Osprey IA Recorded 

Pezoporus occidentalis Night Parrot EN Very Low 

Phaethon lepturus White-tailed Tropicbird IA Medium 

Plegadis falcinellus Glossy Ibis IA Low 

Pluvialis fulva Pacific Golden Plover IA Low 

Pluvialis squatarola Grey Plover IA Low 

Puffinus huttoni Hutton's Shearwater EN Very Low 

Sterna albifrons Little Tern IA Medium 

Sterna bergii Crested Tern IA Recorded 

Sterna caspia Caspian Tern IA Medium 

Sterna dougallii Roseate Tern IA Low 

Sterna hirundo Common Tern IA Very Low 

Sterna leucopterus White-winged Black Tern IA Medium 

Sterna nereis Fairy Tern VU Medium 

Thalassarche chlororhynchos Atlantic Yellow-nosed Albatross VU Low 

Tringa brevipes Grey-tailed Tattler P4 High 

Tringa glareola Wood Sandpiper IA Medium 

Tringa hypoleucos   Common Sandpiper IA Recorded 

Tringa nebularia Common Greenshank IA Low 

Tringa stagnatilis Marsh Sandpiper IA Medium 

 

The mammal species identified by the database searches that are considered highly unlikely (Very Low 
likelihood) to occur:  

• Dasyurus hallucatus (Northern Quoll) has never been recorded on the North West Cape peninsula 

• Petrogale lateralis (Black-flanked Rock-wallaby) may have previously occurred (prior to European 
settlement), however, there are no actual records from within 10 km of the survey area 

• Rhinonicteris aurantia Pilbara form (Pilbara Leaf-nosed Bat) has only one record from the North 
West Cape peninsula, and few areas of suitable habitat occur within or close to the survey area.  
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All three of the Priority-listed reptile species (Aprasia rostrata, Ningaloo Worm-lizard; Diplodactylus 
capensis, Cape Range Stone Gecko; Lerista allochira, Cape Range Slider) have either a Medium or, for 
the Cape Range Slider, a recorded likelihood of occurring within the survey area.  Suitable habitat for 
these species is abundant within the survey area, although two of these species have only a Medium 
likelihood of occurring, the low amount of known surveys in the area suggests underrepresentation in 
collections.  

A total of 39 birds, 27 of which are protected under international agreements and without additional 
protection (and another six with additional statutory protection), were assessed for likelihood of 
occurring within the survey area.  Three species have previously been recorded as occurring within or 
immediately adjacent to the survey area: Osprey (Pandion haliaetus), Crested Tern (Sterna bergii) and 
Common Sandpiper (Tringa hypoleucos).  Another, listed as P4 (Grey-tailed Tattler, Tringa brevipes), 
was assessed as having a high likelihood of occurring.  

Of the fauna species recorded in the survey (Table 5.11), two were of conservation significance: 

• Pandion haliaetus (Osprey, protected under international agreements), observed flying over the 
lighthouse and perched on a pole at the Caravan Park. 

• Lerista allochira (Cape Range Slider, P3), observed close to the edge of the survey area on the 
western side of Cape Range. 

The location of the recorded sightings is shown in Figure 5.6. and is outside of the Proposal DE. 

5.2.3.5 Fauna Habitat Significance 

The conservation significant bird species identified from the database searches as having been 
recorded within the vicinity of the survey area, many of which are protected under international 
agreements, are unlikely to land within the survey area itself as most species are shorebirds, only 
landing on beaches, or would only overfly the area to get to the shoreline.  None would be dependent 
on the survey area.    

Coastal dune habitats are widespread along the coastline, and not restricted in extent.  Only one 
conservation significant reptile species (Aprasia rostrata, Ningaloo Worm-lizard, P3) is known to occur 
on the coastal dunes, however, it also occurs in other sandy habitats (including the red Pindan dunes 
within the survey area), and is not dependent on the coastal dunes.  This species was not recorded 
during the survey but is considered likely to occur.  

On a regional basis, the red Pindan dunes and their two habitat types are the most restricted in extent.  
Fauna species, particularly reptiles, are likely to require the sandy soils of this habitat, however, none 
of the species likely to occur are dependent on this habitat type within the survey area.  No species of 
conservation significance were recorded in the red Pindan dunes during the field survey, although 
Aprasia rostrata , (Ningaloo Worm-lizard, P3) is likely to occur.  

The limestone Cape Range provides the most prominent habitat types within the survey area, and was 
present within the main survey area and the southern survey area, and in between these two areas.  
A number of conservation significant fauna species have been previously recorded from the limestone 
hills, and in particular the sheltered gorges and minor caves.  Endangered Petrogale lateralis (Black-
flanked Rock Wallaby) are dependent on the gorges and minor caves, however, were not recorded 
within the survey area and are unlikely to occur due to the amount of human activity in the area, the 
small areas of available gorge habitat and that the survey area is on the edge of the species’ potential 
local range.  It may occur close to the southern survey area but not observed, and is far more likely to 
occur further south where there are larger gorges.  Two conservation significant lizards, Lerista 
allochira (Cape Range Slider, P3), which was recorded from close to the survey area during the field 
survey, and Diplodactylus capensis (Cape Range Stone Gecko, P2), are known from the limestone 
habitat types.  

No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area.  
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The survey targeted terrestrial species and subterranean species were not included.  Two 
subterranean species of conservation significance were identified as occurring close to the survey area 
although not within it; Milyeringa veritas (Cave Gudgeon, Blind Gudgeon) and Ophisternon candidum 
(Blind Cave Eel).  Both are listed as Vulnerable under the Commonwealth EPBC Act.  Subterranean 
fauna are discussed in Section 5.3. 

5.2.3.6 Short Range Endemic Invertebrates 

Some invertebrate fauna groups are known to have species with small distributions that do not move 

outside their specific habitat due to poor dispersal ability and, as a consequence, they are vulnerable 

to impact (EPA 2016c). These short range endemic invertebrate (SRE) species tend to exhibit patchy 

distributions within their small range, and to have slow growth, low fecundity, and poor dispersal 

capabilities.  

The Exmouth Peninsula is considered likely to contain high richness of short-range endemic (SRE) 

invertebrates. These are mostly ground-dwelling invertebrates that have overall ranges of less than 

10,000 km2 (Bennelongia 2021a). This makes them susceptible to spatially extensive habitat changes, 

especially if anthropogenic. 

Determining whether a species belonging to an SRE Group really has a significantly restricted range 
(estimated as less than 10,000 km²) is often difficult. However, species distributions usually reflect the 
distribution of their preferred habitats. Most SRE species prefer restricted or patchy habitats and 
hence have smaller ranges than species found in widespread habitats. Additional causes of species 
having small ranges include life history and ecological interactions; these sometimes lead to species 
occupying only small extent of a widespread habitat. 

The desktop assessment followed the classification system for SREs as used by the  Western Australian 
Museum (WAM) where a species can be classified into one of the following categories: 

1. Confirmed SREs have a known distribution range smaller than 10,000 km. The taxonomy is 
well known, and the group well represented in collections and/or via comprehensive 
sampling. 

2. Potential SREs belong to a group with gaps in our knowledge of its distribution, either because 
the group is not well represented in collections, taxonomic knowledge is incomplete, or the 
distribution is poorly understood due to insufficient sampling. 

3. Widespread (not SRE) species have a known distribution range larger than 10,000 km. The 
taxonomy is well known, and the group well represented in collections via comprehensive 
sampling. 

The desktop assessment (Bennelongia 2021a) is restricted to a number of taxonomic groups (the SRE 
Groups) that are known to contain at least some, but more commonly moderate to high proportions 
of, SRE species. The groups include land snails (Gastropoda); millipedes (Diplopoda); centipedes 
(Chilopoda); pseudoscorpions (Pseudoscorpiones); scorpions (Scorpiones); spiders [Araneae, mainly 
Mygalomorphae (trapdoor spiders)]; slaters (Isopoda); and harvestmen (Opiliones). Some other 
groups, such as velvet worms (Onychophora) and earthworms (Oligochaeta), are SRE Groups but are 
restricted to mesic landscapes and are not considered for this Proposal. 

As noted in Section 5.2.3.1, the field survey undertaken in March 2021 to confirm (or otherwise the 
desktop assessment) and aimed to collect species from recognised SRE groups in representative 
habitats within the Project area and associated borefield.  

SRE Habitat 

There is some overlap between the five habitat types identified within the survey area, in terms of 

their function as habitat for terrestrial invertebrates in general, and for SRE groups. Coastal dunes are 

not expected to be prospective to SREs, whereas the red Pindan dunes (especially the swales) should 
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be prospective to SRE scorpions and centipedes mostly, and less prospective to other SRE groups. 

Dune swales represent approximately 80% of the Proposal clearing area. 

Meanwhile, the rocky hills and slopes (representing the remaining 20% of the Proposal clearing area), 

especially when south facing, should be prospective to a wide range of SRE taxa, including millipedes, 

land snails and spiders. Finally, the sheltered gullies and minor caves have the highest potential to 

hold moisture, and are also the most isolated and patchy habitats, and therefore have the highest SRE 

conservation significance. 

The potential SRE habitat types recorded in the Proposal area, Dune Swale and Rocky Hills and Slopes, 

are shown in Table 5.14:, with the available extent as determined by Ecoscape 2018 (Table 5.10). 
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Table 5.14: SRE Habitat Recorded in the Project Area (Bennelongia 2021a)  

Habitat type Description1 Photo 

Extent within 
Survey Area 

 (ha) 

Extent 
within DE 

 (ha) 

Dune Swale  Dune Swale within 
impact footprint 

 

17.89 17.52 

Dune Swale Dune Swale in 
borefield 

 

Rocky hills and 
slopes 

Rocky slopes near 
borefield 

 

47.14 14.05 

1 Refer to Table 5.10 for full description. 
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SRE Records 

While the desktop review  (Bennelongia 2021a) presents information of the types of species in SRE 

Groups that occur on the North West Cape peninsula, it does not give a list of the particular species 

present. 

Based on the desktop search, 943 individuals from at least 24 species belonging to SRE groups have 

been recorded in the search area. This includes the higher-level identification Philosciidae sp., which 

must represent at least one unique species (potentially several) because no other species from that 

family were recorded in the search area. The 24 species included four species of spider, one species 

of pseudoscorpion, one species of harvestman (order Opiliones), two species of scorpion, three 

species of millipede, two species of slater, and eleven species of land snail. Effort to collect terrestrial 

invertebrates (particularly targeting SRE Groups) in the vicinity of the Project has occurred 

predominantly within Cape Range National Park.  

This desktop assessment indicates that there is a community of potential SRE invertebrates (11 

species) with likelihoods of occurring at the Project that range from moderate to high. The species 

include trapdoor spiders, pseudoscorpions, harvestmen, scorpions, millipedes, isopods, and snails. Six 

species of confirmed SREs were recorded in the search area, but only three of these are likely to occur 

in the Proposal DE: 

• Land snail: Promonturconchum superbum 

• Millipede : Boreohesperus capensis 

• Millipede: Antichiropus humphreysi 

The land snail Promonturconchum superbum and the millipede Boreohesperus capensis, despite being 

confirmed SREs, are common and very widespread in the North West Cape peninsula, which only 

represents a small fraction of their known distribution.  

The millipede Antichiropus humphreysi, which is also a confirmed SRE, has a smaller range. It is known 

from only seven locations 24 km apart, with occurrences only 11 km south from the Project. It most 

likely occurs in the Project area. However, its distribution is also probably multiple times larger than 

the area of the Ningaloo Lighthouse Resort. 

The March 2021 field survey targeted seven SRE Groups: spiders (Araneae), pseudoscorpions 
(Pseudoscorpiones), scorpions (Scorpiones), centipedes (Chilopoda), millipedes (Diplopoda), slaters 
(Isopoda) and snails (Gastropoda). Even though earthworms (Oligochaeta) and velvet worms 
(Onychophora) are known to contain SREs, these groups were not targeted as they are restricted to 
high-rainfall areas (Blakemore 2000; Reid 2002 in Bennelongia 2021a). 

A total of eight sites (Figure 5.9) were sampled using a range of active search methods (Table 2 of 
Appendix C) that varied at each site according to habitat, knowledge of the biology of certain taxa and 
visual observations of burrows or other signs of target species. These sites were distributed across 
each of the habitats present (red Pindan dune crests, red Pindan dune swales, rocky hills and slopes, 
and sheltered gullies and minor caves associated with limestone). Site selection was also based on 
recent vegetation and landform mapping (Ecoscape 2018), as well as observations from the brief 
recognisance trip by Bennelongia.The survey documented documented 38 species belonging to SRE 
Groups (Figure 5.10) including two species of mygalomorph spider; one species of ‘flattie’ spider 
Selenopidae); 9 species of pseudoscorpion; five species of scorpion; three species of centipede, five 
species of millipede; one species of dipluran; six species of slater and six species of land snail. Out of 
these species, 16 were potential SREs, two were confirmed SREs (the millipedes Antichiropus 
humphreysi and Boreohesperus capensis), and the remaining 20 species were unlikely SREs or 
widespread species. Only the pseudoscorpion Austrohorus `BPS342` and the scorpion Lychas 
'BSCO065' are potential SREs currently only known from the Project impact footprint and, therefore, 
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of conservation significance. These two species are potential SREs because of deficient data and 
further studies might align them genetically with species outside the Project area. 

Of the SRE’s known from the Desktop assessment and collected in the survey, the SREs identified 
within the Project’s development footprint as well as potential SRE species only collected in these sites 
are described below. A full list of the SRE invertebrate groups recorded in the Project area and its 
vicinity are provided in Table 3 of Appendix C. 

Pseudoscorpions  

The pseudoscorpion fauna of North West Cape is diverse, but mostly comprised of subterranean 
species. On the surface, only one species of potential SRE pseudoscorpion is known from the desktop 
search area, Synsphyronus `PSE164` (Garypidae). This species was only recorded in one location, 
immediately east of the north-eastern border of Cape Range National Park, and approximately 27.5 
km south of the Project. S. `PSE164` is one of many new undescribed species of the genus from the 
Pilbara and Gascoyne regions, and some of the described species are considered SREs (Harvey et al. 
2015 in Bennelongia 2021a). S. `PSE164` is a potential SRE, moderately likely to occur within the 
Proposal DE.  

Family Cheiridiidae  

This family is very poorly known in Australia, with only one species described, and no records from the 
Northwest Cape peninsula. Cheiridiidae `BPS339` is probably a new species, and it was found 
abundantly in sites 7 and 8, within the project development footprint. The family is known to have 
phoretic associations with insects (Jhasser Martínez et al. 2018), and therefore its species are not 
normally considered SREs. Confidently inferring the SRE status for Cheiridiidae `BPS339` is currently 
not possible, so this species remains an unlikely SRE.  

Family Chernetidae  

This cosmopolitan family is poorly defined, and there is no taxonomic framework to allow assigning 
this species to a particular genus. Four individuals of Chernetidae `BPS338` were collected from site 8, 
within the project’s footprint. However, this family is also known for phoresy, so it is very likely that 
Chernetidae ̀ BPS338` is phoretic on flies and beetles. Considering these pseudoscorpions tendency to 
be widely dispersed, Chernetidae `BPS338` is unlikely to be of conservation significance, but its SRE 
status cannot be fully ruled out, and it is here considered an unlikely SRE.  

Family Geogarypidae  

Geogarypus taylori was only collected from within the project footprint, but this species is widespread 
in Australia, with multiple records from Western Australia, as well as the Northern Territory, South 
Australia, New South Wales and Victoria. Although considered a SRE, it is unlikely to be of conservation 
significance. 

Family Olpiidae  

The genus Austrohorus only has one described species in Australia, and only four records from the 
Exmouth Peninsula, all from the eastern part of Cape Range National Park, and all only identified to 
genus. Austrohorus `BPS340` was collected from three different sites, all outside of the project 
footprint, whereas Austrohorus `BPS342` was only collected from one site, within the project 
development footprint. The current knowledge of this genus is insufficient to accurately determine 
species distributions, and this group is believed to contain potentially range restricted species. 
Therefore, A. `BPS340` and A. `BPS342` are potential SREs, but only the former is of conservation 
significance, given that it is only known from the Project footprint area.  

Finally, the species Beierolpium sp. and Euryolpium sp. were represented by four individuals collected 
as bycatch from the stygofauna sampling in the borefield. These individuals could not be identified to 
species level.  Their occurrence in the borefield, which is not considered an impact area for SREs, 
suggests they are not of conservation significance.  
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Harvestmen (order Opiliones)  

The species Dampetrus isolatus (Assamiidae) was originally described from several caves in the North 
West Cape. Despite having reduced eyes, it is not especially troglomorphic (Shear 2001) and the 
species may also inhabit epigean environments. The species is currently known from at least three 
different locations that are approximately 8 km apart, all within Cape Range National Park (central 
eastern part) and at least 32 km from the Project. This species is therefore a potential SRE, moderately 
likely to occur in the Ningaloo Lighthouse Resort. However, this species was not recorded during the 
SRE survey.  

Scorpions  

Two species of potential SRE scorpions, from two different families, are known from the desktop 
search area. In the family Buthidae, Lychas ̀ aitkeni spp. grp` was collected from two different locations 
approximately 4.5 km apart, both within the north-eastern end of Cape Range National Park. These 
locations are about 29 km south of the Project, and this species is considered a data deficient potential 
SRE, moderately likely to occur in the Ningaloo Lighthouse Resort.  

During the survey, three species of the genus Lychas were collected, Lychas variatus s.l., Lychas 
'BSCO064' and Lychas 'BSCO065'. The first species probably represent a species complex, but its 
abundance and occurrence in diverse habitats suggests it is unlikely to be an SRE. Lychas 'BSCO064' 
and Lychas 'BSCO065', on the other hand, are both new species that are only known from the project 
area. And whereas the former is only known from outside the project impact footprint, the latter is 
only known from a site within that footprint. Both species are potential SREs, and Lychas 'BSCO065' is 
of conservation significance. The alignment of these species with Lychas `aitkeni spp. grp`, and a more 
detailed assessment of their potential distribution, requires comparisons with museum material 
and/or molecular work. 

In the family Urodacidae (burrowing scorpions), there were three records of Urodacus `yaschenkoi 
spp. grp` from a location, approximately 4 km east of the southern boundary of Cape Range National 
Park. The framework for formal scorpion identification in Western Australia needs significant 
revisions, and whereas Urodacus yaschenkoi is a seemingly widespread species, it is known to 
represent a species complex that hides cryptic diversity (Luna-Ramirez et al. 2017 in Bennelongia 
2021a), and the specimens from Exmouth Peninsula probably represent a new undescribed species 
that is here considered a data deficient potential SRE. Due to its occurrence more than 60 km south 
of the Project, this species was originally considered unlikely to occur near the Ningaloo Lighthouse 
Resort, but seven specimens of the species complex were collected during the survey. They were 
found both within and outside the project impact footprint, in the red sand dunes habitat. We here 
refer to this species as Urodacus ̀ BSCO062`, and its occurrence more than 60 km to the south indicates 
it is unlikely to be an SRE. Importantly,  one specimen of Urodacus had slight differences in the 
pedipalp manus and metasoma V, and therefore is treated as Urodacus `BSCO063`. This specimen 
might be a conspecific with Urodacus `BSCO062`, but this can only be confirmed with molecular work.  

Millipedes  

At least three different species of potential SRE millipedes from two families were known from the 
desktop Search area. In the family Siphonotidae (Polyzoniida), the species `Megalosiphon` 
`humphreysi` is known from two different locations approximately 1.3 km apart, both within the 
north-eastern end of Cape Range National Park. The name `Megalosiphon` `humphreysi` is an 
unpublished name from the PhD thesis by Dennis Black, and might become a valid published species 
in the future. The 22 specimens of siphonotids were collected from four different locations in the 
Project area during survey are referred to as Siphonotidae `BDI072` but may well be `Megalosiphon` 
`humphreysi`. The original locations from which this species was collected are about 33 km south of 
the Project, and Siphonotidae `BDI072` is therefore considered a potential SRE that is not under threat 
from the proposed development.  
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Two species of the family Paradoxosomatidae (Polydesmida) were known from the search area. 
Antichiropus humphreysi was originally described from a cave in Cape Range National Park (Shear 1992 
in Bennelongia 2021a), but it has since been collected in epigean environments as well, and is currently 
known from seven locations just over 24 km apart, some of these in the central-eastern part of the 
National Park, and some around the town of Exmouth (approximately 11 km from the Project). This 
genus has been well studied morphologically and genetically, and the group has also been extensively 
collected across the Pilbara (Car et al. 2019 in Bennelongia 2021a), so A. humphreysi is considered a 
confirmed SRE. Bennelongia’s survey collected at least two males of this species in the Ningaloo 
Lighthouse Resort area, from sites both within and outside the project’s development footprint. These 
new records extend the known linear range of this species to approximately 40 km, and it is not 
considered to be under threat from the proposed development.  

Similarly to A. humphreysi, the other species of Paradoxosomatidae known from the desktop search 
area, Boreohesperus capensis, was also originally described from caves (Shear 1992). This species has 
commonly been found on the surface as well, and its lack of troglobitic adaptations suggests that its 
presence in caves results from cave entrances presenting attractive refuges in the dry environment of 
Exmouth Peninsula. All described species of Boreohesperus are SREs (Car and Harvey 2017), and B. 
capensis is therefore considered a confirmed SRE. The species was found in at least two sites in the 
project area, both outside the project’s footprint. This survey extends the species known linear 
distribution to 72 km, and despite being a well-studied confirmed SRE, the species is fairly common 
and widespread in the Exmouth Peninsula, and is hence not under threat from the proposed 
development.  

Slaters (Isopoda)  

Family Armadillidae  

Isopods from the species Buddelundia `sp. BBCR01` (Armadillidae) were known from seven locations 
28 km apart, mostly in the eastern part of Cape Range National Park, but also just outside the park to 
the north and east of its borders. The records are at least 18 km from the Project, and the species is 
considered moderately likely to occur in the Ningaloo Lighthouse Resort. Species of this genus can 
vary widely in the size of their distributions, and some are SREs. Given that B. `sp. BBCR01` is not a 
valid described species, it is currently considered a data deficient potential SRE. During the survey, 
four species of the genus Buddelundia were collected. These are currently all considered new species 
and potential SREs, but one of them could be aligned to Buddelundia `sp. BBCR01` in the future. All of 
these species were collected from at least one site outside the project footprint, and therefore none 
of them are considered to be under threat from the proposed development.  

Land snails (Gastropoda: Camaenidae)  

The family Camaenidae represent the dominant group of land snails on Exmouth Peninsula Cape 
(Taylor et al. 2015 in Bennelongia 2021a), and 11 species of this family were known from the desktop 
search area. The SRE survey collected 319 specimens of land snails, but the vast majority of these 
records consist of empty shells, so the identifications are often preliminary, indicated by ‘cf.’.  

Promonturconchum superbum is common and very widespread in the Exmouth Peninsula, known so 
far from more than 20 locations up to 66.5 km apart. Due to the geography of the peninsula, however, 
the known area of distribution of this species is still less than 1,000 km2, so it is still considered a 
confirmed SRE. The species is likely to occur in the Project area, but it is unlikely to be under threat 
from the proposed development, give that it only represents a small fraction of its known distribution. 
This species was not collected during the survey.  

The species Quistrachia warroorana is widespread, known from multiple locations outside the search 
area, up to 260 km south (south of Lake Mcleod). The specimens recorded in the search area, however, 
were only found in one location 38 km to the south of the Project, in the middle of the Cape Range 
National Park, and were identified as Quistrachia cf. warroorana, meaning that the alignment with 
Quistrachia warroorana is not certain. Thus, Quistrachia warroorana was considered unlikely to occur 
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at the Project but 130 individuals of this species were collected from four different sites, both within 
and outside the project impact footprint. This species is therefore considered a potential SRE that is 
not under threat from the proposed development.  

Rhagada capensis is a relatively widespread species, recorded up to 150 km south of the Project, near 
the northern end of Lake Mcleod. Some of the specimens recorded in the search area, however, were 
identified as Rhagada cf. capensis, which means that the alignment with R. capensis is not certain. It 
is possible that this is a new species and potential SRE, only known from three locations up to 5.5 km 
apart, in the north-eastern part of Cape Range National Park. These locations are 28.6 km south of the 
Project, so this species is relatively unlikely to be in the Ningaloo Lighthouse Resort. In fact, the only 
species of this genus collected during the survey was Rhagada cf. globosa, of which 104 individuals 
were collected from five different sites, both within and outside the Project impact footprint. Rhagada 
globosa is known from Coral Bay, 150 Km to the south, so if the collected individuals are confirmed to 
be that species, it would not be considered an SRE. However, given that only dead shells were 
collected, the alignment cannot be confirmed. Even if Rhagada cf. globosa is a new species only known 
from the Project Area, its abundance and distribution outside the project footprint suggest it is not 
under threat from the proposed development.  

 
  



Figure 2: SRE records around the Ningaloo Lighthouse Resort. 
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Figure 4: Confirmed SREs in the Desktop Search Area. 
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Figure 1: Location of the Ningaloo Lighthouse Resort area and SRE sampling sites. 
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Figure 5: SRE groups collected in the Project Area. 
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5.2.3.7 Introduced Fauna 

The database search indicated the following species likely to occur within the survey area: 

• Sheep (Ovis aries) 

• Feral Cat (Felis catus) 

• Rabbit (Oryctolagus cuniculus) 

• House Mouse (Mus musculus) 

• Black Rat (Rattus rattus) 

The introduced species recorded during the survey (Ecologia 2018) included Sheep, Feral Cat and 
Rabbit.  

5.2.4 Potential Impacts 

The Proposal requires up to 3.98 ha of native vegetation to be cleared (Figure 2.2). 

The following potential impacts to Terrestrial Fauna associated with the Proposal have been identified: 

• Direct loss of 3.98 ha of native vegetation and fauna habitat, resulting from clearing and ground 
disturbance; 

• Direct loss of fauna or SRE individuals through impacts resulting from ground disturbance and 
machinery or vehicle movements; 

• Indirect impacts, including loss of habitat, habitat degradation and fragmentation resulting from 
a range of factors, including altered fire regimes, weeds and climate change; and 

• Invasive species predation on, and competition with, native species and destruction of habitat. 

An assessment of the potential direct and indirect impacts of the Proposal on  Flora and Vegetation is 
provided in Section 5.2.5. 

5.2.5 Assessment of Impacts 

5.2.5.1 Direct Impacts 

Clearing of native vegetation will result in the permanent loss of 3.98 ha of native vegetation, with the 
impacts to the habitat types within the Proposal DE shown in Table 5.15. 

No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area. 

Due to the widespread nature of the fauna habitat types present within the survey area, the scale of 
habitat loss, as show in Table 5.15, is unlikely to be significant at either a regional or local scale.  

Table 5.15: Direct Impact on Fauna Habitat 

Habitat type 

Extent within 
Survey Area  
(Total 97.55h) 
 (ha) 

Extent within DE 
 (ha) 

Extent within 
Clearing Area (ha) 

Extent within 
Clearing Area as % 
of Survey Area 

Dune swale 17.89 17.52 3.28 18.31% 

Rocky hills and slopes 47.14 14.05 0.70 1.48% 

Sheltered Gullies and Minor Caves 1.19 0.04 0.002 0.17% 

No Threatened Fauna species are known to occur within or close to the survey area, therefore any 
potential development will not affect such species.  
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No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area. The 
potential impacts to habitat of the two Conservation Significant species recorded within the survey 
area is discussed below: 

• Osprey (Pandion haliaetus). The osprey is nearly worldwide in distribution. It breeds in 
temperateand tropical regions of all continents except South America. This species is frequently 
recorded in mostly coastal areas all over Australia, and also in Sulawesi, Java, New Guinea and 
New Caledonia  Ospreys typically nest at the extreme tip of a tree or snag with little or no overhead 
cover and they prefer tall snaps that provide good visibility and security, and prefer to nest over 
water for protection against climbing predators (Atlas of Living Australia 2021). This species would 
not be dependent on the survey area to provide food or as habitat, and no evidence of nesting 
activity was observed. 

• Lerista allochira (Cape Range Slider, P3).  This species is known only from the North West Cape 
peninsula, inhabiting a known range of approximately 70 km north-south and 20 km east-west.  
All habitat types provided suitable areas this and various other reptile species. 

Clearing and construction activities and vehicular movements associated with operation of the 
Proposal may result in fatalities to, or injury of, fauna individuals.  Deaths of or injury of individual 
fauna are not expected to affect the conservation status and distribution of any fauna species. 

Direct impact on SRE habitat 

When considering potential impacts on a species, it is recognised that even SRE species may be locally 

widespread around a project area, so that identifying potential SRE species is only the first part of a 

filtering process used to determine whether species may be threatened by a proposed development. 

The actual level of threat to an SRE species depends on its distribution relative to the development 

footprint, rather than SRE status alone. Determining the likely level of threat to a species requires 

consideration of the extent of the species’ preferred habitat, both within and outside the area of 

disturbance (Bennelongia 2021a). 

While most SRE species have larger ranges than the scale of the Proposal, development of the Proposal 

has the potential to impact populations (at least) of some of SRE species. The desktop assessment 

(Bennelongia 2021a) confirmed six species of SREs as being recorded in the search area, however only 

three of these are likely to occur in the Proposal DE. The land snail Promonturconchum superbum and 

the millipede Boreohesperus capensis, despite being confirmed SREs, are common and very 

widespread in the North West Cape peninsula, and these species are unlikely to be under threat from 

the Proposal, which only represents a small fraction of their known distribution. The millipede 

Antichiropus humphreysi, which is also a confirmed SRE, has a smaller range. It is known from only 

seven locations 24 km apart, with occurrences only 11 km south from the Project. 

The dune swale and rocky hills and slopes habitats present within the Proposal DE are considered 

suitable and prospective for SREs. Dune swales represent approximately 80% of the clearing area and 

rocky hills and slopes represent the remaining area, with only a small percentage of sheltered gullies 

and minor caves (0.17%) – associated with an existing walking track which will not be impacted by the 

Proposal footprint. Habitat prospectivity indicated in the desktop search was confirmed in the field 

survey, with most SRE species likely to occur and/or found, in rocky hills and slopes. 

Despite the presence of a rich SRE fauna in the Project Area, the negligible impact footprint of the 

Project on rocky hills and very small footprint on red Pindan dune swales and the habitat connectivity 

outside the DE, suggest that the Project is very unlikely to have significant impact on any SRE fauna 

through direct loss of habitat. 
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5.2.5.2 Indirect Impacts - Habitat Loss, Degradation and Fragmentation 

Large scale clearing, in addition to associated loss of habitat can result in a highly fragmented 
landscape that limits the ability of species to disperse.  The clearing associated with this proposal is 
small scale, limited to 3.98 ha of native vegetation adjacent to an existing disturbed site.  None of the 
habitat types are confined to the survey area and all occur commonly in areas adjacent to the Proposal 
DE. 

Weeds and introduced fauna, such as those recorded within the survey aera, often thrive in disturbed 
or modified habitats, such as the existing caravan park and may compete with local species for food 
and habitat resources.  Increased predation feral cats may result in changes to  species assemblage, 
often resulting in the loss of native species. 

The clearing of the existing disturbed site, will result in the removal of all non-native vegetation, much  
of which are known weeds,  such as Buffel grass; Tamarix).  Revegetation of the site will be undertaken 
with native vegetation to mimic the surrounding hummock grassland and dune vegetation found 
currently surrounding the site.   

An increase in fire, particularly recurrent fire can open up habitat and prevent understorey from re-
establishing, allowing weed species to dominate. Increased fire frequency also impacts fauna that 
require habitat with long unburnt areas of vegetation, such as spinifex grasslands found in this area. 

As discussed in Section 5.1.5.4, there is no evidence of recent fire was observed within the survey 
area, with the last significant bushfire occurring in 1998. As part of a bushfire risk assessment for the 
Proposal, historical evidence indicates a bushfire outside of the development is possible, it was noted 
that the likelihood of bushfire within or around the Proposal area is not considered a likely occurrence. 
The Proposal is unlikely to alter the frequency, intensity or extent of fires.  

As discussed in Section 5.1.5.6, climate change impacts on native flora and vegetation and therefore 
habitat, may be of importance as a cumulative impact when taking all changing factors into account, 
however, of its own, climate change is unlikely to be to be a significant factor in the survey area.  Given 
the small scale of proposed clearing, any effects on the flora and vegetation cumulatively with climate 
change are unlikely to be significant.  

Due to the widespread broad nature of the terrestrial fauna habitat types within the survey area, the 
scale of habitat loss (3.98 ha) and effects of degradation and fragmentation are unlikely to be 
significant as a result of the Proposal. 

5.2.5.3 Indirect Impacts – Attraction of Predators or Competitors 

In appropriate management of waste, particularly putrescible waste, generated by the Proposal may 
provide additional food source for scavengers (Feral Cats) and vermin (House Mouse, Rats) likely to 
occur in the Proposal DE.  The waste management practices associated with the Proposal will be the 
same or better than the current facility and therefore the risk of an increase in predators/competitors 
is not anticipated to be different or increased upon that experienced by the existing caravan park 
when it was in operation. 

5.2.5.4 Indirect Impacts – Changing Climate 

Temperature and changes in rainfall may affect the distribution and diversity of fauna species.  
Temperatures are anticipated to rise in general, and cyclone frequency and intensity is likely to 
increase (Western Australian Government 2012).  Information on the effects of climate change, 
particularly temperature, are largely unknown for most fauna species, although it is considered that 
the above average summer/autumn temperatures experienced prior to the field survey may have 
reduced the population density of reptile species (Ecoscape 2018).  

As discussed in Section 5.1.5.5, climate change is unlikely to have any significant effect on flora and 
vegetation and is not expected to have any significant effect on the fauna of the survey area.  
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5.2.6 Mitigation Measures 

Minimise 

• Planning and design of buildings and associated infrastructure and tracks to utilise all the existing 
disturbed areas, to limit the amount of clearing required for new facilities. 

• Minimising risk of human sources of bushfire ignition by managing vegetation fuel loads within 
the Development Envelope particularly in the vicinity of power network and fuel service station 
and providing designated smoking areas and butt bins throughout the facility.  

• Minimise fire risk through landscaping with low-threat and managed gardens, planted sparsely 
enough to achieve exclusion in accordance with AS 3959—2018 Construction of Buildings in 
Bushfire-Prone Areas (AS 3959; SA 2018). 

• Active weed management throughout the Proposal development and subsequent operation (e.g. 
spraying, removal). In particular, the planted invasive species, *Tamarix aphylla are proposed to 
be removed part of the redevelopment and replaced with native vegetation.  

• Implement speed restrictions in and around the Proposal, within aeras of the Proponent’s control, 
both during construction and operations. 

• Active pest management (baiting for rats and mice). 

• Implement good waste management practices, including ensuring all waste materials are 
appropriately segregated and stored in bins or other containers with lids, to prevent windblown 
waste and access by fauna. 

Rehabilitate 

• Revegetation of cleared and degraded areas through  landscaping around the development, 
utilising native grassland and shrub mixes and sparse trees, to mimic the surrounding hummock 
grassland and dune vegetation found currently surrounding the site.  

5.2.7 Predicted Outcome  

The Proposal  will result in: 

• The clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned for tourist 
development under the Shire of Exmouth’s Local Planning Scheme;   

• The loss of 3.28 ha of Dune swale habitat, representing 18.31 % of this habitat type within the 
survey area. Coastal dune habitats are widespread along the coastline, and not restricted in 
extent.  This habitat type is represented in nearby Conservation estate; and 

• The  loss of 0.70 ha of Rocky hills and slope habitat, representing 1.48 % of this habitat type within 
the survey area. The limestone Cape Range provides the most prominent habitat types within the 
survey area, and is also represented in the Cape Range National Park. 

• The loss of 0.002 ha of Sheltered Gullies and Minor Caves habitat, representing 0.017% of this 
habitat type within the survey area and is associated with an existing walking track. This habitat 
type is well represented within the Cape Range National Park and surrounding areas of Cape 
Range. 

No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area.  

The clearing required for the Proposal and associated habitat loss and indirect impacts for terrestrial 
vertebrate and SREs, are not considered to  have  significant residual impacts at either a local or 
regional scale and therefore the objectives of this factor can be met. 
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5.3 Subterranean Fauna 

5.3.1 EPA Objective 

The EPA’s objective for Subterranean Fauna is:  

To protect subterranean fauna so that biological diversity and ecological integrity are 
maintained. 

In the context of this objective, for the purposes of EIA: 

subterranean fauna are defined as fauna which live their entire lives (obligate) below the 
surface of the earth. They are divided into two groups:   

• stygofauna – aquatic and living in groundwater; and 

• troglofauna – air-breathing and living in caves and voids.  

5.3.2 Policy and Guidance  

The relevant policy and guidance for Subterranean Fauna is summarised in Table 5.16.  

Table 5.16: Policy and Guidance relevant to Subterranean Fauna 
Policy and Guidance Key Aspects 

Environmental Factor Guideline: 
Subterranean Fauna (EPA 2016g) 

The purpose of this guideline is to outline how the factor Subterranean 
Fauna is considered by the EPA in the EIA process. Specifically, the guideline: 

• describes the factor Subterranean Fauna and explains the associated 
objective; 

• describes EIA considerations for this factor; 

• discusses the environmental values of subterranean fauna, and their 
significance; 

• describes issues commonly encountered by the EPA during EIA of this 
factor; 

• identifies activities that can impact on subterranean fauna; and 

• provides a summary of the type of information that may be required by 
the EPA to undertake EIA related to this factor. 

 
For the purposes of EIA, subterranean fauna are defined as fauna which live 
their entire lives (obligate) below the surface of the earth. They are divided 
into two groups:  

• stygofauna – aquatic and living in groundwater; and 

• troglofauna – air-breathing and living in caves and voids. 

Technical Guidance: Subterranean 
fauna survey (EPA 2016h) 
 

This document provides guidance on the relevant impact assessment methods 
where subterranean fauna is likely to be a factor, particularly the standards of 
survey and type of information required to understand impacts. It differs from 
previous guidance by introducing the use of surrogates, where survey alone 
has not provided sufficient evidence to determine distribution. 

Technical Guidance: Sampling methods 
for subterranean fauna (EPA 2016i) 

This guidance Statement provides advice on survey design and sampling 
methods for subterranean fauna required for environmental impact 
assessment. 

A review of subterranean fauna 
assessment in Western Australia (EPA 
2012) 

In 2011, the EPA resolved to pursue a more risk-based approach to 
environmental impact assessment of subterranean fauna related issues. The 
feedback on this discussion paper informed the revision of earlier Guidance on 
Subterranean Fauna.  
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Policy and Guidance Key Aspects 

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Submissions noted that the Ningaloo Coast area contains large scale 
subterranean karst cave systems with unique subterranean fauna, including a 
high diversity of cave fauna (troglomorphic).  The stygofauna at Cape Range  
“give insights into the origin of Australian fauna, changes in climate since the 
Miocene and biogeographical history of the continent”. 
 
Potential impacts raised in the summary of submissions relevant to terrestrial 
fauna and this Proposal include: 

• increase abstraction of fresh groundwater and impact of drawdown on 
subterranean aquatic habitat; and 

• hydrocarbon spills. 

5.3.3 Receiving Environment 

5.3.3.1 Studies and investigations 

Bennelongia (2020) was commissioned to conduct a Subterranean Fauna Desktop Assessment of 

subterranean fauna values and potential impacts resulting from the planned upgrade of the Ningaloo 

Lighthouse Resort (Appendix D). The objectives of the desktop assessment were to document the 

types of subterranean species likely to be present in the Project area, focusing particularly on the 

borefield; assess the likely impact of groundwater abstraction from a new borefield on subterranean 

fauna; and assess the likelihood of additional impact on subterranean fauna from proposed changes 

to wastewater disposal, including the operation of the wastewater treatment plant and possible 

irrigation of some areas with surplus treated water.  

The desktop assessment concluded that while the threat of the proposal to subterranean fauna 

conservation values is low, uncertainty about habitat suitability meant sampling would be required to 

determine whether or not stygofauna occur in the proposed borefield and which, if any, species are 

present.  

A field survey was subsequently undertaken, with two rounds of sampling for stygofauna conducted 

from 12-14 January and 15-18 March 20201, in accordance with Environmental Factor Guideline – 

Subterranean fauna (EPA 2016a), Technical Guidance – Subterranean fauna survey (EPA 2016c), and 

Technical Guidance – Sampling methods for subterranean fauna (EPA 2016b). The results of this survey 

(Bennelongia 2021b) are provided in Appendix D with the desktop assessment. 

5.3.3.2 Subterranean Fauna Habitat Prospectivity 

The presence of subterranean fauna is strongly linked to geology and hydrology and the availability of 
suitable micro-habitats, e.g. air-filled voids or caves for troglofauna, and aquifers that are not 
hypersaline for stygofauna. Despite these known associations between subterranean fauna, geology 
and hydrology, it can be difficult to predict the presence of subterranean fauna with confidence due 
to the lack of understanding of habitat requirements (EPA 2016g). 

Western Australia contains globally significant radiations of the two types of subterranean fauna: 
stygofauna and troglofauna (Guzik et al. 2010; Halse 2018 in Bennelongia 2021b). Subterranean fauna 
species in Western Australia mostly occur in small underground voids, fissures or interstitial spaces 
across the broadlandscape. In contrast, much of the troglofauna on Exmouth Peninsula has been 
collected from caves and the more significant stygofauna records have been collected from sinkholes 
that represent collapsed caves under the coastal plain.  
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The desktop assessment (Bennelongia 2020) found that the Exmouth Peninsula supports at least two 
native stygofaunal fish species and 69 species of invertebrate stygofauna (Bennelongia 2020) as shown 
in Figure 5.11 and Figure 5.12. 

The two fish species are the blind gudgeon and the blind cave eel Ophisternon candidum, which are 
listed as Vulnerable species under the BC Act and the Commonwealth EPBC Act. The gudgeon is 
restricted to Exmouth Peninsula (Larson et al. 2013 in Bennelongia 2021b) but the eel also extends 
into the Pilbara (Moore et al. 2018 in Bennelongia 2021b).  

Nine listed species, eight threatened and one priority species (an informal state listing) of invertebrate 
stygofauna occur on the peninsula. Seven of the species occur at Bundera Sinkhole on the west coast 
and are listed as Critically Endangered or, in one case, Endangered under the BC Act. Only one of them, 
the remipede Kumonga exleyi, is listed (as Vulnerable) under the EPBC Act. The two species outside 
Bundera Sinkhole are the shrimps Stygiocaris lancifera and S. stylifera, which occur on the western 
and eastern coastal plains, respectively. Stygiocaris lancifera is listed as Vulnerable under the BC Act 
and S. stylifera is listed as a Priority 4 species. 

Troglofauna 

Subterranean records of troglofauna on Exmouth Peninsula are nearly all from caves. There are also a 
few records from drill holes across the landscape that are sampling small voids and fissures in the 
underground matrix above the watertable. Many of the animals occurring in caves also occur in 
surrounding areas. It is frequently difficult to determine the extent of subterranean dependence in 
the apparent cave records themselves, especially as cave records frequently do not distinguish 
between occurrence immediately outside the cave, in the cave entrance or deeper in the cave. 
(Bennelongia 2020).  

Nine listed species of troglofauna occur, with all of them found to the south of the Project 
(Bennelongia 2020).  The spiders Yardiella humphreysi and Trichocyclus nigropunctatus occur near the 
coast to the west of the borefield and the schizomid Draculoides brooksi occurs about 6 km directly 
south of the Proposal.  

No species of stygofauna or troglofauna has been recorded from the proposed borefield area. 

The main determinants of troglofauna occurrence are suitable habitat in terms of subterranean 
spaces, high relatively humidity and a source of energy and carbon. The latter is usually provided by 
recharge from the surface or direct transport into caves. In most cases, relative humidity is maintained 
at depth by processes within the vadose zone (Hong Shou et al. 2011 in Bennelongia 2020). Thus, 
lithology and the types and size of subterranean voids and fissures present can be the critical factors 
in determining occurrence of troglofauna (Howarth and Moldovan 2018 in Bennelongia 2020). 

Chip trays from bores within the proposed borefield suggest that significant subterranean spaces are 
likely to be present in Tulki limestone above the watertable in this area. This fits the pattern across 
Exmouth Peninsula as a whole where numerous caves occur in the Tulki limestone. Accordingly, it 
would be expected that troglofauna occur in the borefield. In the Pilbara, more troglofauna is found 
hills, breakaways and other elevated areas where karstic or weathered rocks containing voids are 
exposed or have very little soil cover (Mokany et al. 2018 in Bennelongia 2020). The same pattern 
appears to occur on the peninsula but this could also be interpreted as reflecting the areas where 
larger caves occur and sampling has been greatest. 

The desktop assessment considered few species would be expected to occur in the borefield. Given 
this, and that no troglofaunal habitat will be removed or altered as a result of the Proposal no sampling 
for troglofauna was undertaken.  
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Figure 5.13 shows the distribution of troglofauna on Exmouth Peninsula.  

Stygofauna 

Exmouth Peninsula is rich in stygofauna and supports at least two listed species of stygofaunal fish 
and 69 species of invertebrate stygofauna, of which  nine are conservation listed species. All but four 
of the species are confined to Bundera Sinkhole, 70 km south of the Project area (Bennelongia 2020) 

Species of stygofauna recorded near to the borefield include the blind cave eel Ophisternon candidum, 
while the copepods Phyllopodopsyllus wellsi and Nitokra humphreysi have been collected on the 
western side of the range and the worm Enchytraeidae sp. B16 has been found at the tip of the 
peninsula. Other species that are likely to occur in the borefield if there is a suitable habitat are O. 
candidum and the other listed fish species Milyeringa veritas (Blind Gudgeon), as well as the shrimp 
Stygiocaris stylifera (Benelongia 2020). 

The nearest known occurrence of the listed blind cave eel is about 1.3 km north of the proposed 
borefield near the coast. It is close to the planned Project accommodation and landscaping. While 
uncertain, the collecting location is probably what is referred to in this report as Shire bore. This bore 
was sampled twice during the survey and contained fresh groundwater but there was extensive 
organic matter load from the bore being in poor condition. No eel was collected although it can be 
inferred the species occurs in the area (Bennelongia 2020).  

The listed blind gudgeon has been collected about 3.5 km west of the southern end of the proposed 
borefield. As with the eel, it can be inferred the gudgeon occurs along the coast in the vicinity of the 
Project. Existing records suggest that occurrence of either the eel or gudgeon immediately east of 
Cape Range in the proposed borefield is unlikely; the distribution of both species is coastal 
(Bennelongia 2020) 

The main determinants for stygofauna occurrence are depth to groundwater, salinity and suitability 
of habitat.  Depth to groundwater is important in its effect on groundwater recharge washing nutrients 
and carbon into the aquifer after rainfall, and therefore the unsaturated profile lithology and its 
control over vertical permeability are also important factors. The water table across the Project 
borefield varies from 30-50 m depth, which in many West Australian settings is found to be sufficiently 
deep that it is unlikely to host a rich stygofauna community. However, across most of the Exmouth 
water supply borefield the water table varies from 33-54 m depth. Monitoring has found that a rich 
stygofauna community does occur, showing that there is a sufficient flux of nutrients and carbon in 
groundwater to support stygofauna in this setting. It is therefore unlikely that depth to groundwater 
will constrain stygofauna occurrence in the proposed borefield, although this assumes that the 
borefield has relatively high recharge from the surface that washes nutrients and carbon into the 
aquifer after rainfall. The relationship between depth to groundwater and stygofauna occurrence 
principally reflects the extent of hydraulic connectivity with the surface (Hahn and Fuchs 2009 in 
Bennelongia 2020). Locally, stygofauna abundance in the Yilgarn has been shown to vary according to 
the quantity of recharge (Sacco et al. 2020). 

The effect of salinity on groundwater occurrence is strongly influenced by natural salinity levels in the 
region, which set the ‘background’ tolerance level of the fauna. Most Pilbara species are restricted to 
salinities of <10,000 µS/cm and most Yilgarn species to <25,000 µS/cm, although occasional species 
have greater tolerances (Halse 2018). In the coastal setting of the Exmouth Peninsula upper 
groundwater salinity varies from 2,900-14,000 µS/cm across the borefield and increases at depth to 
about 24,000 µS/cm, therefore it is unlikely that groundwater salinity in the proposed borefield will 
constrain stygofauna occurrence. 

Generally, aquifers that are transmissive enough to support a borefield will also have the interstitial 
spaces or voids to support stygofauna occurrence. Stygofauna respond to small-scale changes in 
lithology as well as broader geological and hydrogeological patterns (Hose et al. 2017 in Bennelongia 
2020).Lithology may constrain occurrence both through providing minimal habitat for stygofauna in 
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terms of interstitial spaces and voids and also through allowing limited recharge of energy and 
nutrients, especially since the watertable is moderately deep. 

5.3.3.3 Conservation Significance 

Subterranean fauna are relicts from previous climatic conditions. They have evolved from ancient 
lineages which were originally found in surface environments, but colonised underground habitats as 
Australia began to dry out about five million years ago. Western Australia’s subterranean fauna is 
recognised as being globally significant because of its extraordinarily high species richness and high 
levels of endemism. It has been estimated that the total number of subterranean fauna species is 
around 4,000, most of which are unnamed or yet to be recorded. Subterranean fauna occur in most 
regions of the State, with particularly high diversity occurring at Cape Range, Barrow Island, the Yilgarn 
and Pilbara regions. The significance of subterranean fauna at Cape Range has been recognised 
globally (EPA 2016g). 

The wider Exmouth Peninsula supports a stygofauna-based Threatened Ecological Community (i.e. the 

Cape Range Remipede Community at Bundera Sinkhole on the west coast) and the nationally important 

subterranean aquifer system Cape Range Subterranean Waterways (WA006) (Lane et al. 2001 in 

Bennelongia 2021).  The Proposal is not within close proximity of the Bundara Sinkole and is located 
approximately 4 to 5 km from the Cape Range Subterranean Waterways. 

The subterranean waterways and associated fauna assemblage area aspects of the Ningaloo Coast 
have been considered as part of the Statement of Outstanding Universal Value in the  UNESCO 
decision supporting the 2011 World Heritage listing for the Ningaloo Coast (Decision 35 COM 8B.7) as 
well as its National Heritage listing (CoA 2021). As discussed in Section 2.6.5, the World Heritage Area 
was listed under the criteria: 

• containing areas of incredible natural beauty; and 

• containing the most important and significant natural habitats for in situ conservation of biological 
diversity. 

Among the features representing these criteria is the rich diversity of subterranean fauna found only 
on the Exmouth Peninsula (DBCA 2019 in Bennelongia 2020). 

5.3.3.4 Field Survey Results – Water Quality 

Salinity of water in the top meter of groundwater in the proposed borefield varied from approximately  
900 – 19,000 mgL-1 total dissolved solids.   

Values of pH were consistently neutral and varied from only 6.8-7.6, reflecting strong buffering of 
groundwater. Temperature varied from 26.9-31.7 ᴼC, which is more variation that would be expected 
in groundwater and most likely reflects time the sample was on the surface before temperature was 
measured.  

Six of the sampled bores (LH01M, LH04P, LH07M, LH07P, LH09P and LH10P) had a smell of hydrogen 

sulphide on one occasion when sampled, or both occasions in the case of LH07M. Despite this, LH07M 

yielded both nematodes and Parastenocaris `BHA286`, showing conditions within the bore(s) were 

suitable for stygofauna. While the source of the hydrogen sulphide was not definitively determined, it 

is probably from either the nearby land fill site associated with the Light House Caravan Park or leakage 

from the historical sewerage ponds associated with the Park. Both facilities will be remediated as part 

of the development of the Ningaloo Lighthouse Resort.  

5.3.3.5  Stygofauna Sampling Results (Bennelongia 2021b) 

Two rounds of stygofauna sampling were conducted at the Project borefield and surrounds. Round one 

focussed on sampling bores within the proposed borefield from 12-13 January 2021. The second round 

from 15-18 March 2021 repeated the borefield survey and also sampled some bores outside the 

borefield to provide context for the results of the borefield sampling.   
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Stygofauna were collected by net-hauling. At each hole, a small, weighted plankton net was lowered to 

the bottom of the hole and then agitated vigorously to stir benthic and epibenthic fauna into the water 

column, where animals were then captured as the net was slowly retrieved. Six separate net hauls were 

made (three with 50 µm mesh net and three with 150 µm mesh net). The contents of the net were 

transferred to cold 100% ethanol for preservation after each haul (EPA 2016b). Contamination between 

sites was avoided by washing the nets between the sampling of different drill holes. 

Forty stygofauna samples were collected in the two rounds of survey. Thirty samples were taken from 

17 bores within the borefield and 10 samples were collected from nine ‘regional’ bores outside the 

borefield in the northern part of the peninsula (Figure 5.14). 

 

Monitoring bores were made of 50 mm PVC slotted from the water table to end of the bore, while 

production bores were made of 150 mm PVC slotted from the water table to approximately 3 m below 

it. Slotting aperture was 1 mm. Details of laboratory processing and water quality are provided in 

Appendix D. 

A total of 477 specimens of at least 13 species of stygofauna were collected over two rounds over 
survey in borefield and surrounding area (Table 5.17). Forty-one specimens of stygofauna were 
collected from the 30 samples taken from the borefield. Of these, 34 specimens were identified as 
four species, while the other seven specimens could not be identified to species level.  

Table 5.17: Stygofauna Species Collected During Two Sampling Rounds 

Higher Order Identification Lowest Identification Borefield Regional 

Annelida 
 

  

Clitellata 
 

  

Oligochaeta 
 

  

Enchytraeida 
 

  

Enchytraeidae Enchytraeidae `3 bundle` s.l. (short sclero) 1  

 
Enchytraeidae sp.# 1  

Haplotaxida    

Tubificina    

 Tubificidae Tubificidae `BOL065`  4 

 Oligochaeta sp. 2 6 

Arthropoda 
 

  

  Crustacea 
 

  

Malacostraca    

Eumalacostraca    

Amphipoda    

Bogidiellidae Bogidiella `BAM203`  1 

Eriopisidae Nedsia `sculptilis Cape Range`  9 

 Nedia sp.  1 
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Higher Order Identification Lowest Identification Borefield Regional 

Paramelitidae Paramelitidae sp.  1 

Decapoda    

Atyidae Stygiocaris stylifera  7 

Thermosbaenacea    

Thermosbaenacidae Halosbaena sp. CRE  60 

Maxillopoda 
 

  

           Copepoda   

Calanoida   

Ridgewayiidae Stygoridgewayia trispinosa  69 

Cyclopoida 
 

  

Cyclopidae Diacyclops humphreysi s.s. 1 30 

 Metacyclops mortoni  24 

Harpacticoida 
 

  

Parastenocarididae Parastenocaris `BHA286` 6 LH07M 

 Parastenocaris sp. 4  

Nematoda Nematoda sp. 26 124 

Rotifera    

  Eurotatoria    

Bdelloidea Bdelloidea sp. 2:2  100 

Total 
 

41 436 

One of the four borefield species, the copepod crustacean Parastenocaris `BHA286`, is known only 
from the borefield. The other three borefield species, a nematode worm, oligochaete worm 
Enchytraeidae `3 bundle` s.l. (short sclero) and copepod Diacyclops humphreysi, were collected from 
‘regional’ bores as well as from the borefield. It is possible, but unlikely, that some of the seven 
specimens that could not be identified to species level represent additional species, however the final 
assumption is that in total there are only four borefield species.  

The 10 samples collected outside the borefield yielded 11 species consisting of one worm species, 
three amphipods, one shrimp, one thermosbaenacid, two copepods and one rotifer, as well the worm 
Enchytraeidae `3 bundle` s.l. (short sclero) and copepod Diacyclops humphreysi that were also found 
in the borefield. Even though sampling effort was low, the results of ‘regional’ sampling reflects the 
richness and composition of the stygofauna community previously documented on the eastern side 
of the Exmouth Peninsula (Bennelongia 2008; KBR 2005 in Bennelongia 2021b). 

The collection location of the single species known only from the borefield is shown in Figure 5.15. A 
description of the four species collected from the borefiled is provided below. 
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Enchytraeidae `3 bundle` s.l. (short sclero)  

One specimen of Enchytraeidae `3 bundle` s.l. (short sclero) was collected from a monitoring bore 
(LH02M) at the southern extent of the borefield. A fragment of another Enchytraeid specimen (not 
identified to species) was also collected from a monitoring bore (LH04M) to the north of the borefield. 
Enchytraeidae `3 bundle` s.l. (short sclero) is a member of a species complex that has been collected 
widely across the Pilbara. It has been suggested most enchytraeid species are widespread (Brown et 
al. 2015) and it is very unlikely that Enchytraeidae `3 bundle` s.l. (short sclero) contains a localised 
species restricted to the borefield. The species is treated here as having at least an Exmouth Peninsula 
distribution.   

Parastenocaris `BHA286`  

Harpacticoid copepods are among the most ubiquitous of major groups of stygofauna in WA and have 

been recorded in an array of geologies. It is commonplace to record multiple species of a single genus 

at the same site. 

Six specimens of Parastenocaris `BHA286` were collected from a single bore (LH07M) within the 
proposed borefield during the first round of survey. Harpacticoid species in the Pilbara have variable 
ranges (Karanovic 2006), with most occupying one of two sub-regions (see Halse et al. 2014 in 
Bennelongia 2021b) and consequently having ranges that are orders of magnitude larger than the 
proposed borefield. While Parastenocaris ̀ BHA286` is expected to have a range extending well beyond 
the borefield, it is currently treated as potentially restricted to the area of groundwater drawdown 
associated with the borefield.  

A further four specimens of Parastenocaris sp. were collected from LH07M in the second round of 
survey. They were female (males are required for species level identification) but most likely are 
Parastenocaris `BHA286`.  

Diacyclops humphreysi humphreysi  

One specimen of Diacyclops h. humphreysi was collected from bore LH11P inside the borefield and 30 
specimens were collected from regional bores 19 and MB3 outside. This species occurs widely on the 
Exmouth Peninsula (Pesce and De Laurentiis 1996 in Bennelongia 2021b) and the species will not be 
impacted by borefield operations.  

Diacyclops humphreysi is also widespread in the Pilbara, with an additional southern population on 
the Naruraliste Ridge, south of Busselton. Recent genetic work has shown that Diacyclops humphreysi 
in the Pilbara is a separate species from Diacyclops h. humphreysi on the peninsula.   

Nematoda sp.  

Little can be said about the distribution of Nematoda sp. other than it was collected from bore LH07M 
in the borefield and three regional bores (19, Shire, Windmill). There is essentially no framework for 
ready identification of free-living nematodes to species level and, consequently, the EPA framework 
for stygofauna assessment excludes them (EPA 2016b). 

Higher Level Identifications  

It is possible, although considered unlikely, that there are additional borefield species among the 
seven specimens identified only to higher levels. These specimens are: 

• A single enchytraeid from bore LH04M. It is treated in this report as most likely to be 
Enchytraeidae `3 bundle` s.l. (short sclero). 

• Two oligochaete specimens from bores LH07M and LH10P. It is considered most likely they are 
Enchytraeidae `3 bundle` s.l. (short sclero), Tubificidae ‘BOL065’ (collected from regional bores) 
or the same species as other unidentified oligochaetes collected from regional bore 19. 

• Four Parastenocaris sp. specimens from bore LH07M, which are probably Parastenocaris ‘BHA286’ 
as discussed above. 
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5.3.3.6 Regional context 

In contrast to the rich stygofauna community found more generally on the peninsula, the proposed 
borefield appears to contain a depauperate stygofauna despite quite intensive sampling. It contains 
probably four species of stygofauna compared with 77 now known from the peninsula, although there 
was greater taxonomic effort applied to the borefield survey than across most surveyed parts of the 
peninsula. The other 11 species collected during the survey were in areas outside the borefield.  
 
Thirty species were collected in a similar-sized survey at Exmouth with similar taxonomic effort to that 
of the borefield survey. The crustaceans species that characterise the stygofauna of the peninsula and 
support most taxonomic interest are largely absent from the borefield. 

The low number of stygofauna species in the borefield is probably the result of the watertable in the 
borefield being deep (30-50 mbgl) and the borefield aquifer being in Tulki limestone that consists 
mostly of weakly cemented sand, rather than containing caverns (Bennelongia 2020).  
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Figure 5.11 Distribution of stygofaunal fish species on Exmouth Peninsula, including site records of

O. candidum.

Note that there are small coordinate errors in Museum database for some records.
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Figure 5.12 Distribution of invertebrate stygofauna on Exmouth Peninsula. Note that there are small

coordinate errors in Museum database for some records. 



11 

Figure 5.13. Distribution of troglofauna on Exmouth Peninsula.



Postal Address: PO Box 384, Wembley WA 6913 Ph: (08) 9285 8722 Fax: (08) 9285 8811 

Street Address: 5 Bishop Street, Jolimont WA 6014      ABN: 55 124 110 167      www.bennelongia.com.au

Subterranean Fauna  |  Short-Range Endemics  |  Wetland Surveys  |  Waterbird Surveys



Lighthouse Stygofauna Report 

Tattarang 

11 

Figure 5: Location of Animals currently only known from the Project area. 
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5.3.4 Potential Impacts 

Subterranean fauna species usually have small distributions and do not move outside their specific 
habitats due to poor dispersal ability and the discontinuous nature of their habitats. This has resulted 
in high rates of endemism and, as a consequence, they are vulnerable to impacts. The main 
determinants for stygofauna occurrence are depth to groundwater, salinity and suitability of habitat. 

The following potential impacts to stygofauna associated with the Proposal have been identified: 

• Direct impacts of groundwater drawdown - lowering of the water table in the borefield reduces
the volume of habitat potentially available to stygofauna; and

• Indirect impacts associated with changes in water quality, such as alteration to nutrient balance
and contamination; resulting from development and operational activities.

5.3.5 Assessment of Impacts 

As discussed in Section 5.5.5, the Proponent has been granted groundwater licence GWL153728(7) to 
take 72,000 kL/year from the Gascoyne Saline Resource but to produce 50,000 kL/year of potable 
water via reverse osmosis.  

5.3.5.1 Direct impacts – groundwater drawdown 

A potential threat to subterranean fauna is lowering of the water table reducing the volume of habitat 
potentially available to stygofauna within the borefield. The production water bores have been 
designed for groundwater sipping, and as such are only screened over the first 3 m below the water 
table. Pennington Scott (2021) have determined that the  area of measurable drawdown around the 
proposed borefield as <6 km2, and within this area the maximum drawdown around each bore will be 
0.6-0.8 m. The overall reduction in volume of habitat for stygofauna will be no more than 0.5% 
(Bennelongia 2020).  

Only one stygofauna species, the copepod Parastenocaris `BHA286`, has currently not been collected 
outside of the borefield. Although smaller ranges have been inferred for stygofauna species occurring 
in confined landscapes (Pipan and Culver 2007), stygofaunal copepods of open landscapes do not have 
ranges as small as the predicted drawdown around the borefield of 6 km2 (Galassi et al. 2009; Halse 
et al. 2014 in Bennelongia 2021b). There is an extensive area of similar habitat to the north, south and 
east of the borefield. Accordingly, the threat from proposed borefield operations to Parastenocaris 
`BHA286` and, more generally, to stygofauna conservation values in the Project area is considered to 
be low. 

Troglofauna will not be affected by lowering of the watertable in the borefield, or by the activities 
associated with borefield construction and surface operation. Relative humidity is unaffected by small 
increases in depth to water and groundwater abstraction has little or no potential to affect other 
components of troglofauna habitat. 

5.3.5.2 Indirect impacts – changes in water quality due to saline water intrusion 

In coastal aquifers, there is a risk that over-abstraction from production water bores may lead to up-
coning of the salt water interface, causing the bore to go saline.  As discussed in section 5.5.5, an 
investigation of the salt water interface (SWI) at the new borefield indicates that the SWI is located at 
least 15 m below the base of the wells. Potential up-coning of the SWI resulting from pumping of the 
bores is calculated to be a maximum of 2.3 m under the borefield site and pumping conditions which 
is well below the depth at which the bores are screened (to a maximum of 3 m), and therefore the 
bores are not expected to experience seawater intrusion resulting from pumping (Pennington Scott 
2021).   

In conjunction with the small extent of drawdown, there is likely to be an increase in salinity of 
groundwater near the watertable as the fresher surface water is removed by pumping. The brackish 
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to saline water quality in the immediate vicinity of the production bores (3,000 to 14,000 mg/L) is 
expected over the course of the high season as better-quality groundwater is sipped from the water 
table. However, the water quality will replenish seasonally, returning to per-pumping conditions, with 
mixing of seasonal recharge (mainly cyclones or heavy monsoonal rain) from the Cape Range, when 
abstraction rates are minimal and natural recharge over the Cape Range is at its highest (Pennington 
Scott 2021; Bennelongia 2021b). 

This increase in salinity in the upper part of the aquifer has the potential to remove habitat for 
stygofauna with a preference for freshwater, even the though the proposed extent of drawdown is 
small and the physical structure of the aquifer habitat is otherwise homogeneous.  

Definitive statements about the salinity preferences of the one stygofauna species collected only from 
the borefield, Parastenocaris ‘BHA286’, cannot be made. However, assuming the Parastenocris 
individuals collected from LH07M in March also belong to Parastenocaris ‘BHA286, which was 
collected from LH07M in January, the species has a salinity tolerance of at least 22,300 µS cm-1 
(approximately 13,500 mgL-1 TDS). Borefield operations are unlikely to raise salinity much above this 
level (Pennington Scott 2021).  

Most stygofauna species would be expected to tolerate the salinities found in the Project borefield, 
and it is therefore unlikely that groundwater salinity in the proposed borefield will constrain 
stygofauna occurrence. 

5.3.5.3 Indirect impacts -  alteration to nutrient balance and contamination;  

The main threat to groundwater quality as a result of the Proposal, is the irrigation of treated 
wastewater.  The Proposal includes the replacement of the existing sewage treatment ponds, with a 
purpose built treatment plant consisting of a Membrane Bioreactor (MBR) followed by ultra-violet 
disinfection and chlorination designed to produce a tertiary treated effluent suitable for site irrigation.  
The new system will treat wastewater to a standard whereby it can be re-used for toilet flushing and 
open space irrigation. Approximately 6 ha of vegetation will be irrigated with 40,000 KL/year. 

It is anticipated that the concentration of phosphorus in the wastewater will be <1 mg/L and nitrogen 
as nitrate will be <6 mg/L (Appendix 4 of Bennelongia 2021b). Phosphorous will bind to the calcareous 
soils of the Project and is unlikely to reach the water table. In contrast, nitrogen will pass through to 
the water table except to the extent it is taken up by plant roots.  

Context for the operation of the Project WWTP and associated irrigation is provided by the old 
Exmouth WWTP. Concentrations of nitrogen in groundwater around this WWTP are 35 mg/L, whereas 
background levels in the area are 1 mg/L (Bennelongia 2018) or 0.2 mg/L (Humphreys and Adams 1991 
in Bennelongia 2021b). Concentrations of nitrogen are 0.07 mg/L compared with background levels in 
the area of 0.01 mg/L.   

A survey of stygofauna occurrence in relation to nutrient levels near the Exmouth WWTP suggested 
that nitrogen concentrations had little effect, if any, on stygofauna at concentrations of 15 mg/L. 
However, particular species, such as the shrimp Stygiocaris stylifera and the copepod Stygoridgewayia 
trispinosa, were found only where nitrogen concentrations were low (Bennelongia unpublished data). 
Calculations to determine likely concentrations under irrigated areas are complex and depend largely 
on how vegetation and irrigation are managed; concentrations are expected to be substantially lower 
than around the old Exmouth WWTP . More generally, however, changes in stygofaunal community 
structure as a result of sewerage effluent were demonstrated by Sinton (1984), who showed changes 
in both species composition and abundance in New Zealand. Nitrate concentrations (usually 8-10 
mg/L) did not appear to be the factor controlling these changes, which matches observations in the 
USA where elevated levels of organic matter changed stygofaunal community structure while nitrogen 
concentrations remained low (Graening and Brown 2003 in Bennelongia 2021b).  

While the above results from Exmouth and elsewhere show there is possible potential for operation 
of the proposed WWTP and irrigation to affect stygofauna, nutrient concentrations can be addressed 
through operating limits on the wastewater discharge in terms of concentration of treated wastewater 
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and limits on applied nutrient loads with appropriate monitoring programmes. The calculations to 
determine likely concentrations of nitrogen under irrigated areas are complex and depend largely on 
how vegetation and irrigation are managed. Whether nitrogen will impact any stygofauna at the 
concentrations at which it will occur under irrigated Project areas is unclear but impact is considered 
unlikely for most species. Furthermore, it is also noted that no species is likely to be confined to the 
area of treated wastewater irrigation effect (Bennelongia 2020).    

Irrigation and increases in nutrients may affect troglofauna occurrence but any changes are likely to 
be small. It is considered likely that the threat of the proposed new borefield and wastewater issues 
to troglofauna conservation values will be low (Bennelongia 2020). 

There is a risk of hydrocarbon contamination of soils and stormwater associated with fuel storage and 
vehicle refuelling activities, which in turn may impact on groundwater through infiltration through 
soil. The potential impact on groundwater quality is discussed in Section 5.5.6.3 and is considered low 
and unlikely to adversely affect stygofauna occurrence. Appropriate mitigation measures are 
discussed in Section 5.5.7. 

5.3.5.4 Indirect impacts resulting from changes to surface topography.   

Changes to surface topography as a result of compaction or creation of hard surfaces may result in 
altered groundwater flow paths, increased runoff, and reduced infiltration and aquifer recharge (EPA, 
2016g). 

The Proposal requires the clearing of 3.98 ha in addition to the disturbance of the existing Caravan 
Park site to create a low-density development. Due to the permeable sand and significant depth to 
groundwater, the development can occur with minimal need for constructed stormwater 
management infrastructure. The intention of the resort design is to minimise impacts to existing 
landforms by positioning buildings on hillside contours to reduce cut and fill, and utilise 
boardwalks where feasible to maintain overland water flow. The level of infiltration of runoff to 
groundwater is not anticipated to be significantly reduced as a result of the redevelopment, and 
the risk to subterranean fauna as a result is considered negligible. 

5.3.6 Mitigation Measures 

Avoid 

• The production water bores have been designed for groundwater sipping, and as such are only 
screened over the first 3 m below the water table, and will not intercept the salt water interface. 

Minimise 

• Groundwater abstraction will be undertaken in accordance with Groundwater Licence issued 
under the RIWI Act with consideration of the Exmouth Groundwater Subarea Allocation Plan.  

• Treated wastewater irrigation will be assessed by DWER under Part V of the EP Act and will 
need to meet appropriate water quality standards to meet both environmental and health 
requirements.  

• Positioning accommodation buildings in the hillside contours on stilts and using raised 
boardwalks , reduces total cut volumes while minimising impact to existing landforms and 
maintains overland water flow. 

• Stormwater drainage collected from new roads and building developments will be disposed 
of by means of infiltration via swales, both roadside and natural, throughout the site, 
maintain availability of runoff for groundwater infiltration. 

5.3.7 Predicted Outcome  

The proposed groundwater abstraction will result in a potential reduction of stygofauna habitat within 
the borefield in the order of 0.5% as a result of drawdown. Increased salinity is likely to be seasonal 
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and limited to existing salinity ranges in which stygofauna in the vicinity of the Proposal are known to 
occur.  

The Proposal will result in irrigation of treated wastewater with a concentration of nitrogen as nitrate 
concentration of <6 mg/L.  The Nitrogen will pass through to the water table except to the extent it is 
taken up by plant roots, resulting in a discharge to the groundwater substantially lower than around 
the old Exmouth WWTP.  A survey of stygofauna occurrence in relation to nutrient levels at the old 
Exmouth WWTP suggested that nitrogen concentrations had little effect, if any, on stygofauna at 
concentrations of 15 mg/L. 

The low number of stygofauna species in the borefield is considered likely the result of the watertable 
in the borefield being deep (30-50 mbgl) and the borefield aquifer being in Tulki limestone that 
consists mostly of weakly cemented sand, rather than containing caverns (Bennelongia 2020). The 
listed stygofauna species that may occur in the borefield all have wide ranges on the peninsula, and it 
is unlikely that any species would have a range restricted to the vicinity of the borefield.  

Only one stygofauna species, the copepod Parastenocaris `BHA286`, has currently not been collected 
outside of the borefield. There is an extensive area of similar habitat to the north, south and east of 
the borefield. Accordingly, the threat from proposed borefield operations to Parastenocaris `BHA286` 
and, more generally, to stygofauna conservation values in the Project area is considered to be low. 

Overall the effect of groundwater abstraction and treated wastewater irrigation on subterranean 
fauna conservation values is considered to be low with no predicted significant residual impact.  
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5.4 Marine Fauna 

5.4.1 EPA Objective 

The EPA’s objective for Marine Fauna is:  

To protect marine fauna so that biological diversity and ecological integrity are maintained. 

In the context of this objective, 

Ecological integrity is the composition, structure, function and processes of ecosystems, and 
the natural variation of these elements. 

For the purposes of EIA, marine fauna are defined as: 

Animals that live in the ocean or rely on the ocean for all or part of their lives. 

5.4.2 Policy and Guidance  

The relevant policy and guidance for marine fauna is summarised in Table 5.18.  

Table 5.18: Policy and Guidance relevant to Marine Fauna 
Policy and Guidance Key Aspects 

Statement of Environmental Principles, 
Factors and Objectives (EPA 2020) 

This statement communicates how, for the purposes of environmental impact 
assessment, the EPA: 

• considers the object and principles of the EP Act; 

• uses environmental factors and objectives to organise and systemise 
environmental impact assessment and reporting; 

• takes a holistic view of the environment and a proposal or scheme’s 
potential impact on the environment; and 

considers significance when determining whether or not to assess a proposal 
or scheme and recommend whether or not an assessed proposal or scheme 
may be implemented. 

Environmental Factor Guideline: 
Marine Fauna (EPA 2016j) 

The purpose of this guideline is to communicate how the factor Marine Fauna is 
considered by the EPA in the EIA process. Specifically, the guideline: 

• describes the factor Marine Fauna and explains the associated objective; 

• describes EIA considerations for this factor; 

• discusses the environmental values of marine fauna, and their significance; 

• describes issues commonly encountered by the EPA during EIA of this 
factor; 

• identifies activities that can impact on marine fauna;AND 

• provides a summary of the type of information that may be required by 
the EPA to undertake EIA related to this factor. 

 

Environmental Assessment Guideline 
for Protecting Marine Turtles from Light 
Impacts (EPA 2010) 

This EAG specifically addresses approaches to proposal design and 
implementation to protect marine turtles from the adverse impacts of light. This 
EAG sets out: 

a) guidance on an array of approaches available for avoiding, reducing, 
managing and mitigating light impacts on marine turtles to be 
considered when preparing documentation relevant to the EIA 
process and during the implementation of proposals or planning 
schemes; and 

b) alternative methods for the avoidance and management of light 
impacts that can be applied using a risk-based approach and by 
applying best practice methods. 

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Concerns raised in the submissions relevant to this Proposal include : 

• Light pollution impacts on turtle hatchlings. 

• Concern that the development of the Lighthouse Caravan Park will impact 
turtle nesting and breeding due to light spill. 
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Policy and Guidance Key Aspects 

National Light Pollution Guidelines for 
Wildlife Including Marine Turtles, 
Seabirds and Migratory Shorebirds, 
Commonwealth of Australia 2020 

The Guidelines outline the process to be followed where there is the potential 
for artificial lighting to affect wildlife. They apply to new projects, lighting 
upgrades (retrofitting) and where there is evidence of wildlife being affected by 
existing artificial light. 

 

The guidelines are consistent with, and build upon, the Western Australian 
Environmental Assessment Guideline No. 5 Protecting Marine Turtles from Light 
Impacts (EPA 2010). The guidelines also outline the minimum requirement for 
protection of marine sea turtles from light exposure and addresses the 
approach to project design, management, and mitigation to protect marine 
turtles from the adverse impacts of light. The 2010 EPA guidelines, written 
before the recent and rapid evolution in light emitting diode (LED) technology, 
do not address the very particular biological impacts emerging as a result of 
exposure to LED lights. 

Recovery Plan for Marine Turtles in 
Australia, Commonwealth of Australia 
2017 

The Recovery Plan for Marine Turtles in Australia is a national plan which aims 
to aid in the recovery of six of the world’s seven species of marine turtles: 
loggerhead (Caretta caretta), olive ridley (Lepidochelys olivacea), 
leatherback (Dermochelys coriacea), green (Chelonia mydas), flatback (Natator 
depressus) and hawksbill (Eretmochelys imbricata) turtles. 
 
The plan considers the conservation requirements of the species across their 
range and identifies the actions to be taken to ensure the species long-term 
viability in nature, and the mechanisms to undertake those actions. 
 
The long-term recovery objective for marine turtles is to minimise 
anthropogenic threats to allow for the conservation status of marine turtles to 
improve so that they can be removed from the EPBC Act threatened species list. 
The following interim objectives and targets have been set for the ten year life 
of this plan: 

• Current levels of legal and management protection for marine turtles are 
maintained or improved both domestically and throughout the migratory 
range of Australia’s marine turtles. 

• The management of marine turtles is supported. 

• Anthropogenic threats are demonstrably minimised. 

• Trends at index beaches, and population demographics at important 
foraging grounds are described. 

5.4.3 Receiving Environment 

In the context of this objective and the receiving environment of this Proposal being the marine turtle 
nesting beaches of the World Heritage Ningaloo Coast, the marine species considered for this 
environmental impact assessment are marine turtles.  

5.4.3.1 Studies and investigations 

A desktop assessment was undertaken by Arup (2020) to support recommendations of a preliminary 
lighting management plan, to support the development application for the Proposal. However, 
following discussions with DAWE regarding potential impacts on the turtles, it was determined that 
further baseline information on the adjacent nesting turtle population is required to support a more 
detailed approach to lighting management.  

The US owned, and Australian Department of Defence (DoD) operated, Space Surveillance Telescope 
(SST) has also been recognised as potentially being impacted by artificial light from the project. The 
following discussion is limited to consideration of impacts associated with the marine turtles. Impact 
to the SST are addressed in the ALAMP for the context of the Development Application and are not 
considered further in this assessment . 
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The Proponent engaged  Pendoley Environmental to undertake baseline monitoring of marine turtle 
hatchlings from potentially impacted nesting beaches (with data on misoriented adults collected 
opportunistically) and in-situ benchmark light monitoring data in February 2021 (Appendix I).  

The February 2021 field survey was designed to collect hatchling orientation data under ambient 
lighting conditions to assist in understanding the behaviour of marine turtle hatchlings on beaches 
within 20 km of the project. This data will be used as a benchmark for monitoring hatchling behaviour 
during construction and ongoing operations and assess if the project has caused any changes in 
hatchling behaviour.  

The benchmark artificial light at night (ALAN) survey was carried out on the new moon between 11th 
and 17th February 2021 and consecutively with the hatchling monitoring program. Sky42 light 
monitoring equipment was deployed on marine turtle nesting beaches and at the SST to capture 
artificial light data during new moon conditions. The benchmark data allows for all visible, individual 
light sources to be identified and monitored across a complete night-time period; and suitable 
comparison against future turtle monitoring seasons; and the effectiveness of any implemented light 
management controls to be quantified. This data was used to inform the Artificial Light Assessment 
and Artificial Light Management Plan (ALAMP) for the Proposal (Appendix J). 

The ALAMP complies with the National Light Pollution Guidelines for Wildlife (Commonwealth of 
Australia 2020) (the guidelines) and the NSW Dark Sky Planning Guidelines (NSW 2016) and identifies 
the potential impact of the project related artificial light on marine turtles (and the SST). The ALAMP 
uses the results of the lighting assessment to address the requirement of the guidelines and outlines 
best practice lighting design by including a consolidated list of mitigation measures that could prevent 
or minimise project related lighting impacts to relevant receptors. The ALAMP builds on early work 
undertaken by Arup (2020) and preliminary work undertaken by Pendoley in December 2020. 

Future light modelling will be used to refine and confirm the lighting design suitability for dark sky 
conservation. 

5.4.3.2 Marine Turtles  

Of the seven species of marine turtles in the world, six occur in Australian waters and all of these occur 
in the waters of the Ningaloo Coast.  All are Threatened species, protected under both Commonwealth 
(EPBC Act) and WA (Biodiversity Conservation Act 2016) legislation: 

• Flatback turtle (Natator depressus), Vulnerable (EPBC Act, BC Act) 

• Green turtle (Chelonia mydas), Vulnerable (EPBC Act, BC Act) 

• Hawksbill turtle (Eretmochelys imbricata), Vulnerable (EPBC Act, BC Act) 

• Leatherback turtle (Dermochelys coriacea), Endangered (EPBC Act), Vulnerable (BC Act) 

• Loggerhead turtle (Caretta caretta), Endangered (EPBC Act, BC Act) 

• Olive Ridley turtle (Lepidochelys olivacea), Endangered (EPBC Act, BC Act) 

There are only a few large nesting populations of the green, hawksbill and loggerhead turtles left in 
the world. Australia has some of the largest marine turtle nesting areas in the Indo-Pacific region and 
has the only nesting populations of the flatback turtle. 

Marine turtles are known to utilise onshore and offshore areas of habitat situated within 20 km of the 
Proposal. Of the turtles found in Western Australian waters, three nest on mainland beaches and 
islands of Ningaloo Reef over the summer months, from November to March (Ningalooturtles.org.au, 
2021): 

• Loggerhead turtle (Caretta caretta), Endangered (EPBC Act, BC Act) 

• Green turtle (Chelonia mydas), Vulnerable (EPBC Act, BC Act) 

• Hawksbill turtle (Eretmochelys imbricata), Vulnerable (EPBC Act, BC Act) 

https://www.environment.gov.au/coasts/species/turtles/flatback.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
https://www.environment.gov.au/coasts/species/turtles/leatherback.html
https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/oliveridley.html
https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
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The Proposal is situated in the vicinity of known nesting habitat for marine turtles, being the portion 
of beach immediately adjacent to the Proposal.  

The reported nesting and hatching season for the genetic stocks of the three marine turtle species is 
shown in Table 5.19 (CoA 2017 in Pendoley 2020). 

Table 5.19: Nesting and Hatching Season for Green, Loggerhead and Hawksbill Turtles (WA) 

Marine turtle species (genetic stock) Nesting period Hatching Period 

Hawksbill (H-WA) Year round (Oct – Jan peak) Year round (Dec – Feb peak) 

Loggerhead (L-WA) Nov – Mar (Jan peak) Jan – May (Feb – Mar peak) 

Green (G-NWS) Nov – Mar (Dec – Jan peak) Dec – Mar (Feb – Mar peak) 

A 2016 trend analysis of local (North West Cape and Ningaloo) turtle monitoring data found the 
nesting period was centred on the first week in January for all three species. Interannual variation in 
nesting activity of green turtles is widely reported and can exhibit large fluctuations. The variation is 
thought to be linked to the impact of the El Niño Southern Oscillation (ENSO) on food resources at 
their foraging grounds (Limpus & Nicholls 2000). Standardised analysis of the 2002/03 to 2018/19 
Ningaloo Turtle Program (NTP) monitoring data found a peak in activity in 2011/12 which was followed 
by one of the least active years ever recorded in the following season (2012/13). Less variation is 
evident in hawksbill and loggerhead nesting activity (NTP 2020). Anecdotal evidence from monitoring 
programs indicate the current 2020/21 season is a very active season for green turtles Pendoley 
(2021b). 

5.4.3.3 Conservation Significance 

Marine turtles are recognised internationally as species of conservation concern. The six species found 
in Australia are listed in the 2000 IUCN (World Conservation Union) Red List of Threatened Animals.  

All marine turtle species occurring in Australian waters are listed on Appendix I of the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES). In addition, all marine 
turtles occurring in the Indo-Pacific region are a priority for conservation under the Convention on the 
Conservation of Migratory Species of Wild Animals (CMS, also known as the Bonn Convention). The 
flatback turtle is listed on Appendix II of the CMS and the other species are listed on both Appendices 
I and II. Australia is also a signatory to the CMS Memorandum of Understanding on the Conservation 
and Management of Marine Turtles and their Habitats of the Indian Ocean and South-East Asia (IOSEA 
MoU). The MoU is designed to facilitate national level and transboundary actions that will lead to the 
conservation of turtle populations and their habitats (DAWE 2021). 

Australia’s obligations under these agreements are met through the EPBC Act. Additional protection 
of Australian marine turtles is provided by the Recovery Plan for Marine Turtles in Australia (CoA 
2017). This plan lists specific anthropogenic threats to the conservation and recovery of marine turtle 
species in Australia. The Recovery Plan lists the North West Cape/Ningaloo coast as habitat critical for 
the survival of green and loggerhead turtles and recognises light pollution as a key threat to the 
recovery of marine turtles in Australia.   

5.4.3.4 Ningaloo Turtle Program 

Onshore, annual marine turtle track census surveys have been conducted by the Ningaloo Turtle 
Program (NTP) at beaches near the project site during the peak of nesting activity since 2002. The 
surveys are managed by the Exmouth office of the DBCA. The aim of the Program is to predict long-
term trends in marine turtle populations along the Ningaloo coast. The survey results are used by 
DBCA to inform management and conservation; reducing disturbance to nesting turtles, management 
of introduced predators and managing coastal access and visitation to support effective conservation 

http://www.ioseaturtles.org/
http://www.ioseaturtles.org/
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of sea turtles on the Ningaloo coast (DBCA 2020). All annual reports and other supplemental materials 
from this program can be found at www.ningalooturtles.org.au. (Pendoley 2021b). 

Historically, the program has focussed on the nesting activity in the northern half of Cape Range and 
consequently this is the data was used in the Pendoley (2020) assessment. The NTP monitoring sites 
that fall within a 20 km radius of the project site are within the North West Cape Division, 
encompassing Lighthouse Bay, Hunters, Graveyard and Tantabiddi (Figure 5.16). Within the 
Lighthouse section, loggerhead and hawksbill activity is concentrated in the northern subsections 
while green activity dominates the southern subsections close to the project site (NTP 2020; Whiting 
2016 in Pendoley 2021b).  

The 2016 trend analysis on the NTP data (Whiting 2016 in Pendoley 2021b) for the North West Cape 
and Cape Range data concluded that the estimated population sizes for the Green, Loggerhead and 
Hawksbill across the North West Cape and Cape Range Divisions, represent globally significant 
populations for all species. 

5.4.3.5 Marine Turtle and Light Monitoring Program 2021 (Pendoley 2021a) 

The Pendoley (2021a) report on the marine turtle and light monitoring program (Appendix I) has 
established the benchmark metrics for hatchling fan and regional light pollution against which the 
project can be monitored during construction and future operations.  

The most common method to monitor the influence of existing artificial light on the dispersal 
behaviour of hatchling turtles is to record the angles of their tracks left on the beach.  

Beaches were surveyed by Pendoley Environmental (2021a) for emerged marine turtle nests between 
the 10th and 18th February 2021. Fan metrics were collected from 257 nests between the Wobiri and 
Mildura Wreck East beach sections. Overnight light monitoring data was also collected at 11 
monitoring sites, including at the SST. This data has been integrated with the artificial light monitoring 
data to determine the directionality of identified light sources in relation to hatchling orientation and 
incorporated into the ALAMP.   

The survey results show that glow from the regional light sources, including Exmouth, Harold E Holt 
base, and the antenna array are visible from all monitored sites (including the SST), while offshore oil 
and gas facilities (due north of the NW Cape) were also visible from monitoring sites on north facing 
beaches and at the SST. No light is visible from the decommissioned Lighthouse Campground on the 
project site.  The results suggest the current sky quality across all sites is equivalent to a rural sky on 
the Bortle scale (approx. 21.69 – 21.89 Vmag/arcsec2), declining to rural/suburban transition quality 
(20.49 – 21.69 Vmag/arcsec2) when cloud cover reflects the local light sources across the landscape.   

Nest fan metrics were collected from 257 nests (green turtle = 196; hawksbill/loggerhead turtle = 22; 
and unknown species = 39) and grouped into four regional beach sections. The largest mean spread 
angle was recorded for those nest fans situated within the Hunters to Lighthouse Bay Parking section 
(53.6 ± 17.1°; n = 10) and the smallest mean spread angle on Surf Beach South to Mildura Wreck 
section (36.2 ± 17.3°; n = 62). The largest mean offset angle was recorded for those nest fans situated 
within the Ningaloo Coast West section (9.6 ± 8.9°; n = 180) and the smallest mean offset angle on 
Mildura Wreck to Mildura Wreck East section (3.8 ± 2.6°; n = 7). The overall spread and offset angles 
were 40.7 ± 17.3° and 8.6 ± 8.2 (n = 257), respectively. 

The spread and offset angles indicate the hatchlings across the region are orienting normally and are 
successful in sea finding. Further statistical analyses investigated the difference between beach 
sections based on the line-of-sight visibility to the project location (i.e. beaches with no line-of-sight 
vs beaches with line-of-sight) and found that there was no significant difference in fan spread between 
the two habitat groupings (p = 0.86) however there was a significant difference in fan offset (p = 0.015).  

Integration of hatchling fan data situated within 1 km either side of three light monitoring sites 
including Wobiri (shielded from the project site by the Cape Range in the Ningaloo Coast West Area), 
Tamarisk (situated immediately in front of the project site) and Surf Beach (situated north-east and in 

http://www.ningalooturtles.org.au/
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line-of-sight of the project site) showed that hatchlings oriented seaward and not in the direction of 
the sky glow that was visible on the horizon at each site.   

In conclusion sea finding by turtle hatchlings emerging from regional nesting beaches was consistent 
across the monitored beaches with most hatchling fans successfully orienting seaward and appeared 
unaffected by the current levels of visible regional sky glow resulting from sources including Exmouth, 
the Harold E Holt Base, onshore antenna array and offshore oil and gas facilities.  
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Figure 2: Ningaloo Turtle Program – Sections of the North West Cape Division located within 20 km
of project site; Tantabiddi, Graveyards, Hunters, Lighthouse Bay, Navy Pier, Bundegi. Red star
denotes project location (Source: NTP 2020). 

Figure 5.16: Ningaloo Turtle Program - North 
West Division
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5.4.4 Potential Impacts 

Given the conservation significance of marine turtles occurring along the Ningaloo Coast and within 
the adjacent Ningaloo Marine Park, reductions in populations of marine turtle species is of local, 
regional and international importance.  

The following potential impacts to marine turtles associated with the Proposal have been identified: 

• Indirect impact of lighting from the Proposal on turtle nesting and hatchling behaviour on the 
adjacent beach. 

• Indirect impact of tourists from the resort interacting with marine turtles at the adjacent nesting 
beach.  

In-water habitat use by foraging and inter-nesting marine turtles and artificial light sources associated 
with the Exmouth town site and the Naval Communication Station Harold E Holt (due to distance from 
the Proposal) are considered out of scope and not considered further. 

5.4.5 Assessment of Impacts – Light Pollution  

Artificial light poses a threat to marine turtles because it disrupts critical behaviours. Marine turtles 
use light as an orientation cue. Artificial light can inhibit nesting by females and can disrupt hatchling 
orientation and sea finding behaviour. When hatchlings are attracted to light inland they may be 
exposed to increased mortality from avian and terrestrial predators, trapped in vegetation or killed on 
roads. If hatchlings do reach the ocean they may have used valuable energy reserves required to reach 
pelagic feeding areas. .Artificial light can therefore cause a gradual decline in the reproductive output 
of a nesting area, with changes not evident for decades because of the long life cycles involved. 

Pendoley (2020b) notes that, in general, artificial light most disruptive to marine turtles are those rich 
in short wavelength blue and green light (400 – 550 nm). The attractiveness to light differs by species, 
however, green, flatback, and loggerhead turtles all show increased sensitivity to wavelengths <600 
nm. Furthermore, green and flatback turtles show stronger preference for blue light <500 nm. Thus, 
cooler, whiter lights are more likely to attract turtles in comparison to warmer, amber lights.  

Although longer wavelengths of light are less attractive than shorter wavelengths, long wavelength 
light can still disrupt the ability of hatchlings to locate the sea, and if bright enough can elicit a similar 
response to shorter wavelength light. Hence, the disruptive effect of light on hatchlings is also strongly 
correlated with intensity. Red light (~650 – 700 nm) must be almost 600 times more intense than blue 
light before green turtle hatchlings show an equal preference for the two colours.   

In the absence of competing light sources, there is potential for artificial light to result in behavioural 
impacts to marine turtles, should the intensity be great enough, even if spectral output of light sources 
are outside the peak sensitivity of marine turtles (i.e. >600 nm).   

Marine turtles nesting on beaches in Western Australia (and south-east Queensland) have been 
identified as being at highest risk from the effects of light pollution from urban and industrial 
development. As hatchlings orient towards the lowest light horizon rather than being directly 
attracted to bright lights, lights of any wavelength can affect behaviour and light glow can disrupt 
marine turtles when it out-competes natural light sources (CoA, 2017) 

The Recovery Plan for Marine Turtles in Australia (CoA 2017) lists the North West Cape/Ningaloo coast 
as habitat critical for the survival of green and loggerhead turtle and recognises the threat of light 
pollution as high for the Green and Hawksbill, and moderate for the Loggerhead. 

Under the National Light Pollution Guidelines for Wildlife (CoA 2020), any action or activity that 
includes externally visible artificial lighting should use best practice lighting design and assess the 
potential impact on listed species and their important habitat(s) if they are present within a 20 km 
radius. Consequently, for this project there is a recognised pathway for a potential impact from 
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artificial lighting to listed threatened and migratory marine turtles that nest on the North West Cape 
(Pendoley 2021b). 

Existing regional light sources (Pendoley 2021a) 

The existing regional light sources present within 20 km of the project site are shown as an output of 
an online mapping application (www.lightpollutiomap.info) in Figure 5.17 and includes light emissions 
from the Exmouth town site,  the North West Cape Harold E Holt Communications base, and the 
Harold E Holt antennae field. Whilst there are limitations to this mapping as not providing an accurate 
measure light intensity, Figure 5.12 provides the best available regional scale representation of light 
emissions and is used here to identify notable areas of light emissions. 

Hatchling and adult turtle orientation behaviour (Pendoley 2021b) 

Pendoley (2021b) reports that no systematic surveys of hatchling or adult nesting female orientation 
behaviour on regional North West Cape beaches has been carried out. Anecdotal evidence suggests 
that hatchling sea turtles have been found in the existing campground pool suggesting that they had 
crawled up the beach and over the dunes attracted to the lights from the beach (pers. comm. D. Rob, 
DBCA in Pendoley 2021b). An alternative explanation is that the hatchlings were carried inland and 
dropped by seabirds. In the absence of any data on hatchling behaviour on nearby beaches it is not 
possible to confirm the cause of this observation.  

Similarly, anecdotal evidence suggests that adult females are occasionally observed crawling along 
Yardie Creek Road, presumably lost after crawling across the dunes (pers. comm. D. Rob, DBCA in 
Pendoley 2021b). This is not uncommon in naturally dark areas characterised by large or complex dune 
systems; however, the presence of inland light could potentially confuse a female trying to return to 
the ocean making it difficult for them to orient themselves seaward. 

To understand the behaviour of marine turtle hatchlings on beaches within 20 km of the project site, 
Pendoley conducted a field survey in February 2021 to collect hatchling orientation data under 
ambient lighting conditions (Appendix I). Integration of the benchmark hatchling and light results is 
described below. 

The results from Wobiri on the west coast of the Cape Range show the nest fans within one km of the 
monitoring site had a moderate spread angle and were highly oriented seaward in a north westerly 
direction and did not orient towards the peak sky glow over the antenna array in the east, nor the 
south easterly glow from the Exmouth and HEH base.  

The results from Tamarisk site immediately adjacent to the project site show the nest fans within one 
km of the monitoring site had a large spread angle but oriented seaward in an overall northerly 
direction and did not orient towards the peak sky glow over the antenna array in the east, nor the 
southerly glow from the Exmouth and HEH base.  

The results from Surf Beach north east of the project site show the nest fans within one km of the 
monitoring site had the smallest spread angle compared to the other two sites (Wobiri and Tamarisk) 
and were highly oriented seaward in a westerly direction. They did not orient towards the peak sky 
glow over the antenna array visible in the east.  

The benchmark lighting and hatchling data will be used for future monitoring of hatchling behaviour 
during construction and ongoing operations to assess if the project has caused any changes in 
hatchling behaviour.   

Orientation of hatchlings in nearshore waters (Pendoley 2021b) 

Once in the marine environment, hatchling marine turtles are known to undertake an initial swimming 
frenzy within the nearshore area adjacent to their nesting habitat. Green, hawksbill, and loggerhead 
turtle hatchlings are therefore likely to be present in nearshore waters adjacent to the project site as 
they move away from the beach during the hatching period.   
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Green hatchlings tracked through shallow nearshore waters at Wobiri Beach (Hunter Division, North 
West Cape) in 2014 dispersed straight offshore under ambient (no artificial light) conditions and under 
highly variable current speed and direction. However, when artificial light was present offshore, 88 % 
of hatchlings tested oriented towards the light and spent 23 % more time in the tracking array than 
under ambient light conditions. 

There is no published or anecdotal reports on hatchlings crawling back out of the water in the vicinity 
of the project site. 

Project lighting 

Light may appear as either a direct light source from an unshielded lamp with direct line of sight to 
the observer or through sky glow. Where direct light falls upon a surface, be it land or ocean, this area 
of light is referred to as light spill.   

Sky glow is the diffuse glow caused by light that is screened from view but through reflection and 
refraction, creates a glow in the atmosphere. Scattering of light by dust, salt and other atmospheric 
aerosols increases the visibility of light as sky glow, while the presence of clouds reflecting light back 
to earth can substantially illuminate broad areas the landscape. White-blue light scatters more easily 
and further in the atmosphere compared to yellow-orange light (Kyba et al. 2011 in Pendoley 2021b). 
Therefore, the distance at which direct light and sky glow may be visible from the source is dependent 
on the number, intensity, and types of lights, and how such lights are orientated or shielded, in 
addition to environmental conditions such as topography, vegetation, and cloud cover. 

The  existing Caravan Park, which is over 30 years old, and as was typical for the time, was not designed 
to take dark sky conservation into account and consequently there was no plan for managing or 
mitigating the lighting. However the new resort development will feature a modern lighting design 
that will take conservation of dark sky values into consideration. 

Light sources for the Proposal would be associated with the key components of the resort village and 
the caravan park, including accommodation buildings, administration buildings, commercial services 
buildings, function centre, pools, tennis court, service station, outdoor public space, outdoor movie 
theatre, outdoor decks, and seating and recreation zones. The characteristics of light emissions from 
the proposed project will depend upon the number, intensity, spectral output, and type of light fittings 
used. 

5.4.5.1 Viewshed Analysis (Pendoley 2021b) 

A viewshed analysis was conducted to determine the line-of-sight visibility of different light sources 
associated with the proposed resort in relation to nearby marine turtle nesting habitat.   

In the absence of a lighting design the viewshed analysis for the project was carried out based on the 
following assumptions: 

• Only external lights are accounted for (i.e. light from inside rooms and visible through windows 
and doors not included). 

• As details on exact fixture locations are not known at this stage, all lights are assumed to be spaced 
evenly, 15 m apart within each specified zone. 

• All lights were assumed to be no higher than 1.5 m above floor/ground level i.e. no tall mast or 
street lighting was included (preliminary light height provided by the project electrical engineers). 

• Analysis was carried out for the following light groupings: 

o Resort village on flat land adjacent to the Yardie Creek Road. 

o Sunset Villas located at ~30 m elevation on a ridge behind the resort. 

o Campground and caravan park located in valley behind the Sunset Villas ridge. 
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• Topography was based on ~30 m resolution NASA Shuttle Radar Topography Mission (SRTM) 
satellite data. 

• Nesting habitat area was derived from the location of known nesting sites identified in the 
2018/19 NTP report (DBCA 2020) and covered the beach area seaward of the vegetation line 
(shown as pink polygon in Figure 14). 

• Viewshed analysis was undertaken for three zones: 

o Beaches in the Lighthouse Bay region (between north and north-east of the project site; 
(Figure 5.18 to Figure 5.20). 

o Beaches along the Ningaloo reef coast and extending from Hunters to Tantabiddi. 

o The SST. 

The viewshed analysis does not consider factors such as the directionality and intensity of the light or 
the shielding of the light from buildings or nearby vegetation. The viewshed analysis consequently 
presents a worst-case, unmitigated result based on the listed assumptions and is provided to gain an 
understanding of the extent to which light would be visible in the absence of mitigation measures.   

The results of the analysis indicate that the lighting would be visible to the Lighthouse Bay coastline 
from all three light groupings: 

• Resort village lighting would be intermittently visible within the nesting habitat between Mildura 
wreck to the north and Hunters to the west (Figure 5.18). 

• Sunset villas lighting is more consistently visible along the north east shoreline of Lighthouse Bay 
in addition to a small section of beach north west (Figure 5.19). 

• Campground lighting will be visible along the nesting habitat extending east and north east of the 
project site (Figure 5.20). 

5.4.5.2 Lighting Impact Assessment 

Impact to Nesting: Adult Females (Pendoley 2021b) 

Adult female marine turtles return to land, predominantly at night, to nest on sandy beaches, relying 
on visual cues to select, and orient on, nesting beaches. Anecdotal outcomes of long-term marine 
turtle monitoring programs across Australia suggest that (assumed) neophyte turtles (females 
breeding for the first time) favour nesting on dark beaches unaffected by onshore light pollution, 
whereas experienced nesters continue to use light affected beaches. Over time this could result in 
changes in nesting distribution in response to artificial light. 

Observations of nesting females and emerging hatchlings at the same beach showed that females 
were disorientated much less frequently than hatchlings  indicating that nesting females are less 
vulnerable to impacts of artificial light on sea-finding behaviour post nesting.   

The viewshed analysis indicates that little nesting habitat directly adjacent to the project in Lighthouse 
Bay, and none of the western Ningaloo coastline, would have direct visibility of light. Because nesting 
females do not appear to be as sensitive as hatchlings to light there is a reduced likelihood they will 
be affected by directly visible light, particularly if the light source is situated a large distance away. It 
is possible that females that get lost in the dune system immediately adjacent to the resort location 
and hence crawl inland, could potentially become confused by the light and either fail to return to the 
ocean or use valuable energy reserves in doing so. 

If the control measures proposed in the ALAMP are implemented, direct visibility of onshore sources 
of light at the nesting habitat area is not expected to occur and the proposed colour and intensity of 
light would minimise any potential disturbance. Therefore, light from onshore sources is not 
considered bright enough to deter nesting activity at the beach.   
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Impact to Emerging Hatchlings (Pendoley 2021b) 

Hatchling turtles emerge from the nest, typically at night, and must rapidly reach the ocean to avoid 
predation. Hatchlings locate the ocean using a combination of topographic and brightness cues, 
orienting towards the lower, brighter oceanic horizon, and away from elevated darkened silhouettes 
of dunes and/or vegetation behind the beach. 

Artificial lights interfere with natural light levels and silhouettes, which disrupts hatchling sea-finding 
behaviour and hatchlings may become disorientated and move in the wrong direction, possibly 
attracted to artificial lights and may take longer, or fail, to reach the sea. This may result in increased 
mortality through dehydration, predation, or exhaustion.   

Hatchling orientation has been shown to be disrupted by light produced at distances of up to 18 km 
from the nesting beach, although the degree of impact would be influenced by a number of factors 
including light intensity, visibility (a function of lamp orientation and shielding), spectral power 
distribution (wavelength and colour), atmospheric scattering, cloud reflectance, spatial extent of sky 
glow, duration of exposure, horizon elevation, and lunar phase (disruption to orientation of emerging 
hatchlings was found to occur most often during the new moon phase and least frequently during full 
moon phases). 

The viewshed analysis indicates that little nesting habitat directly adjacent to the project in Lighthouse 
Bay, and none of the western Ningaloo coastline, would have direct visibility of light. The orientation 
of this beach means that light will be visible along the beach (as opposed to behind the dunes at the 
back of the beaches) and could potentially override the influence of other sea finding cues. 

Unpublished evidence is emerging that suggests there is a species difference in sensitivity to light by 
turtle hatchlings during sea finding, with green and hawksbill turtles more sensitive to light cues and 
beach topography than flatback hatchlings. The predominance of green turtle nesting on the regional 
beaches adjacent to the Proposal means that these hatchlings might be at a greater risk of 
misorientation from light, particularly on beaches that are oriented so that the hatchlings lack strong 
topographic features such as dunes or vegetation providing a tall dark horizon cue needed by 
hatchlings in sea finding. 

If uncontrolled, night-time lighting could lead to disorientation of hatchling turtles on the beach which 
could result in consistent annual mortality and, in the long-term, a potential decrease in the overall 
size of the population. However, if the ALAMP control measures are applied, including the shielding 
and redirection of lighting and the use of lights with suitable wavelengths and intensities, 
disorientation of hatchling turtles on the beach has a reduced likelihood resulting in a lower risk. 

Offshore hatchlings (Pendoley 2021b) 

Once in nearshore waters, artificial lights on land can also interfere with the dispersal of hatchlings. 
The presence of artificial light can slow down their in-water dispersal (Witherington & Bjorndal 1991; 
Wilson et al. 2018 in Pendoley 2021b) or increase their dispersion path, potentially depleting yolk 
reserves, or even attract hatchings back to shore.  

In addition to interfering with their offshore dispersal, artificial light can influence predation rates, 
with increased predation of hatchlings in offshore areas with significant sky glow. 

Once the hatchlings enter the water, they are likely to be influenced by tidal currents and dispersed 
over a large geographical area. Therefore, if a hatchling turtle was attracted back to shore by the 
Proposal lights, the tidal current would likely be too strong for the hatchling to move towards it and 
instead would be carried along the coast or offshore. However, during periods when the velocity of 
the tidal current was slower than the hatchling swim speed, there remains a potential for a hatchling 
to move towards a light if it was attracted to it, potentially increasing its exposure to predation and 
causing exhaustion.  
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However, if the control measures within the ALAMP are implemented, the residual risk of impact of 
artificial lighting to offshore hatchlings is likely to be low.  
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Figure 6: Radiance of light sources in the North West 
Cape Region, derived from the VIIRS 2019 overlay (see 
Section 5 for limitations). 

Figure 5.17 Regional LIght Sources (Pendoley 
2021)
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Figure 15: Area of marine turtle nesting habitat at Li thouse Bay where Resort Village 
lighting was visible.

Figure 5.18: Light Visibility from Resort Village at Lighthouse Bay Marine 
Turtle Nesting Habitat 
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Figure 16: Area of marine turtle nesting habitat at Lighthouse Bay where Sunset villa 
lighting was visible.

Figure 5.19: Light Visibility from Sunset Villa at Lighthouse Bay Marine 
Turtle Nesting Habitat 
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Figure 17: Area of marine turtle nesting habitat at Li thouse Bay where campground
lighting was visible.

Figure 5.20: Light Visibility from Campground Lighting at Lighthouse 
Bay Marine Turtle Nesting Habitat 
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5.4.6 Assessment of Impacts - Recreational Activities 

Cape Range nature based tourism activities are specifically identified within the Marine Turtle 
Recovery Plan as a threat to the recovery of marine turtles. If managed correctly, these activities can 
have great conservation value by raising public awareness of the issues relating to marine turtles. 
However, when mismanaged, these operations have the potential for disturbing marine turtle nesting, 
internesting and foraging behaviour, ultimately impacting the viability of the stock (CoA, 2017). 

Whilst the Proposal will provide direct access to the dunes adjacent to the beach, beach access in this 
area is managed by the Shire of Exmouth and DBCA in whom the Jurabi Coastal Park is jointly vested.   

5.4.7 Mitigation Measures 

Minimise 

• Review and update the ALAMP following future modelling work program to support the final 
project design and inform any necessary changes to final lighting options. 

• Implement lighting design for the project based around Best Practice Lighting Principles which will 
reduce the light emissions to as low as reasonably practicable: 

o Use minimum number and intensity of light, 

o Adapt lighting for colour, intensity and timing, 

o Light only the area intended. 

o Use non-reflective, dark coloured surfaces.  

• Implement the ALAMP during construction and operations, including 

o Implementation of the control measures specified in the plan, wherever practicable 

o Undertake marine turtle hatchling and artificial lighting monitoring during construction 
and operations to monitor any changes in hatchling behaviour that could be attributed to 
the change in lighting conditions associated with the project, compared to the 2021 
benchmark data. 

o Undertake at least one audit recommended in the plan. 

o Implement adaptative management measures in the event that annual monitoring 
identifies lighting impacts on hatchlings as a result of the Proposal, such as changing 
wavelength of light for the species interacting; additional shielding, changing orientation 
and direction of light fittings and a review of night-time activities.  

• Provide an education package for resort guests, including specific information on regional turtle 
species and behaviours, appropriate/best practice behaviour around marine turtles and what to 
do if animals are found in the resort, recognising that birds can drop hatchlings inland and adult 
females can get lost when returning to the ocean through extensive dune systems. 

• Provide formalised beach access points to connect with existing beach access trails in consultation 
with the Shire of Exmouth and DBCA in whom the adjacent coastal area of Jurabi Coastal Park is 
jointly vested. 

5.4.8 Predicted Outcome  

There is a pathway for light pollution from the Proposal  to decrease the quality of nesting habitat. If 
uncontrolled, night-time lighting could lead to disorientation of hatchling turtles on the beach which 
could result in consistent annual mortality and, in the long-term, a potential decrease in the overall 
size of the population. 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 127 

However, lighting design for the project will be based around Best Practice Lighting Principles which 
will reduce the light emissions to as low as reasonably practicable. The proposed control measures 
within the ALAMP will aim to ensure no direct light is detected at nesting beaches and skyglow will be 
minimised. Should any changes in turtle nesting and hatchling behaviour be detected before and after 
construction, and throughout operation, adaptive management will identify and rectify changes to 
nesting habitat so that the marine turtle populations are not impacted. 

Similarly, with the implementation of the proposed control measures, the impact of light pollution on 
nesting and hatchling emergence behaviour is unlikely to significantly affect the marine turtle 
populations in the long term. Furthermore, the implementation of monitoring and adaptive 
management will prevent long term impacts on nesting and hatchling emergence behaviour. 
Accordingly, the project is not expected to interfere with the recovery of the genetic stocks. 

The implementation of the Project will result in an improved outcome with respect to access to the 
beach in front of the resort, assisting in limiting uncontrolled access and controlling night lighting of 
the access, through dunes and onto the nesting beach. There is also the opportunity to assist in 
education of visitors to the Resort regarding the conservation values of both the immediate and 
broader surrounding.   
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5.5 Inland Waters 

5.5.1 EPA Objective 

The EPA’s objective for Terrestrial Fauna is:  

To maintain the hydrological regimes and quality of groundwater and surface water so that 
environmental values are protected. 

For the purposes of EIA, the EPA defines the factor Inland Waters as:  

The occurrence, distribution, connectivity, movement, and quantity (hydrological regimes) of 
inland water including its chemical, physical, biological and aesthetic characteristics (quality).  

Inland waters include groundwater, such as superficial and confined aquifers, and surface 
water, such as waterways, wetlands and estuaries. A ‘waterway’ is any river, creek, stream or 
brook, including its floodplain and estuary or inlet. This includes systems that flow 
permanently, for part of the year or occasionally, and parts of the waterway that have been 
artificially modified. 

5.5.2 Policy and Guidance  

The relevant policy and guidance for Terrestrial Fauna is summarised in Table 5.20.  

Table 5.20: Policy and Guidance relevant to Terrestrial Fauna 
Policy and Guidance Key Aspects 

Environmental Factors Guideline: 
Inland Waters (EPA 2018) 

The purpose of this guideline is to communicate how the factor Inland 
Waters is considered by the EPA in the EIA process. Specifically, the guideline: 

• describes the factor Inland Waters and explains the associated 
objective; 

• describes how this factor links with other factors; 

• describes EIA considerations for this factor; 

• discusses the environmental values supported by or dependent on 
Inland Waters, and their significance; 

• identifies activities that can impact inland waters; 

• provides a summary of the type of information that may be required 
by the EPA to undertake EIA related to this factor; and 

• describes issues commonly encountered by the EPA during EIA of 
this factor. 

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Values of concern raised in the submissions relevant to this Proposal include: 

• Subterranean water bodies 

• Connectivity of the waterways and aquifers of Cape Range to the ocean, 
and influence of inland water flows, tide and rain. 
 

Potential impacts raised in the summary of submissions relevant to inland 
waters and this Proposal relate to groundwater use and the need to manage 
allocation and drawdown. The submission noted “below average rainfall and 
no cyclones for the past few years, which has reduced the replenishment of 
Cape Range waterways and aquifers”. 

Operational Policy No. 5.12 (DWER, 
2009) 

This policy provides guidance on when hydrogeological assessments and 
groundwater monitoring reports (collectively referred to as hydrogeological 
reports) will be required, and the information that they should contain. 

5.5.3 Studies and investigations 

A hydrogeological assessment undertaken in 2020 by Pennington Scott (2021) as part of the 
development of the new borefield supporting the Proposal and is provided in Appendix E. The 
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assessment was prepared in accordance with the Department of Water and Environmental 
Regulation’s (DWER) Operational Policy No. 5.12 (DWER, 2009), in support of ZIZ Resorts Pty Ltd 
application to DWER to increase the allocation limit on the RIWI Act 5C groundwater licence 
GWL153728 from 32,000 kL/year to 72,000 kL/year. 

5.5.4 Receiving Environment  

Groundwater 

The Proposal is located within the Exmouth Groundwater Subarea, which comprises both unconfined 
and confined aquifers, which in increasing order of depth are the Cape Range Group (unconfined) to 
the Birdrong Sandstone (confined)(WRC 1999). The Exmouth Groundwater Subarea is a subarea of the 
Gascoyne Groundwater Area, a proclaimed groundwater area under section 26 of the RIWI Act.  

The Cape Range Group unconfined aquifer is a thin lens of fresh water in delicate balance with the 
underlying saline water, susceptible to over-pumping (WRC 1999). The Tulki limestone comprises the 
most permeable portion of this aquifer, with secondary permeability developed by karstic formations. 
The aquifer will be highly transmissive through the Tulki Limestone portion with highest permeability 
through the karstic portions. The underlying Mandu Limestone is largely impermeable  with the marly 
portion potentially forming a base to the aquifer (Pennington Scott 2021). 

The Birdrong Sandstone is a fine to coarse friable pebbly and silty sandstone about 30 m thick and is 
found between 1000 and 1500 m below sea level on the Cape. It extends over an area of approximately 
50 000 km2 and forms the most extensive aquifer in the Gascoyne Groundwater Area (WRC 1999).  

Ordinarily with such a steep rise in topography as occurs between the coast plain and the Cape Range 
(Section 2.6.4) there would be a steep hydraulic gradient towards the coast. However, given the 
extremely permeable limestones, the groundwater gradient is small (WRC 1999). The water table 
within the Tulki Limestone has a low hydraulic gradient, rising to less than 1 mAHD within about 5 km 
of the gulf shoreline at Exmouth (Martin, 1990). It is probably less than 1 mAHD through the 
Lighthouse borefield where it was intersected at 30 to 50 m below ground level, reflecting the 
elevation of surface topography (Pennington Scott 2021). 

Groundwater is recharged via infiltration of rainfall and runoff principally over the Cape Range and 
fringing deposits, occurring during heavy rainfall events. Recharge has been estimated to be about 
10% of average rainfall, although there will be no effective groundwater recharge in low lying coastal 
areas. Total recharge will be significantly greater over the peninsula south from around Exmouth 
where the recharge area width is around 15 km wide compared to the northern end where it is around 
5 km wide through the Proposal DE (Pennington Scott 2021). 

A freshwater lens does not extend into or is poorly developed at the northern end of the peninsula. 
This is likely a result of the smaller recharge area over the northern end contributing less fresh 
recharge water at the water table, and hydraulic connection of the aquifer with both Exmouth Gulf in 
the east and ocean to the west permitting a saltwater interface to intrude from both directions. Tidal 
influences may also promote greater mixing through the profile (Pennington Scott 2021).    

The host formation for the Proposal groundwater bores (new and pre-existing borefield) is the Tulki 
limestone, with the main water bearing zone for these bores being loose to moderately cemented 
medium sands, not karsts.  Rainfall recharge to the aquifer is required to percolate through 40 m of 
unsaturated and heterogenous Tulki limestone before it reaches the water table.  

The Tulki limestone is a saline groundwater resource, stratified with better quality (brackish to saline) 
groundwater (3,000 to 14,000 mg/L) at the water table, becoming more saline with depth. The highest 
measured salinity on the property was 24,000 mg/L from about 30 m below the water table, which is 
still less saline than seawater as measured at Exmouth during the program, being 33,200 mg/L.   All 
bores are screened a few metres beneath the water table such that they skim only the better-quality 
groundwater from the top of the water table.    
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A freshwater lens with low, potable water salinities is absent in the Proposal area and the whole 
salinity profile can be characterised as a transition zone between brackish water and seawater 
(Pennington Scott 2021). 

Groundwater Dependant Ecosystems – Cape Range Subterranean Waterways 

The Cape Range Subterranean Waterways, located approximately 4 to 5 km northeast of the Proposal, 
have been identified in the Directory of Important Wetlands in Australia as a good example of a 
subterranean karst wetland system and the only one (with the exception of Barrow Island) in arid 
north-western Australia. The karst system includes hundreds of separate features such as caves, 
dolines and subterranean water bodies and supports a rich diversity of highly specialized subterranean 
species. This is one of a number of aspects of the Ningaloo Coast that has been considered as part of 
the Statement of Outstanding Universal Value in the  UNESCO decision supporting the 2011 World 
Heritage listing for the Ningaloo Coast (Decision 35 COM 8B.7) as well as its National Heritage listing. 

Surface Water 

The ecological survey area (Ecoscape 2018) corresponds with the mapping of the Cape Range 
Subterranean Waterways wetland, listed in the Directory of Important Wetlands of Australia. The low-
lying portions of the survey area includes buffers for the Cape Range Subterranean Waterways 
wetland, which is located approximately 2.5 km east of the Proposal DE. Other areas included in the 
wetland are scattered through Northwest Cape.  These consist of waterways, sinkholes, general 
groundwater and artificial wells, with the main ecological feature being entirely endemic stygofauna. 

No surface wetlands or watercourses are present within the  survey area or Proposal DE or within 
5 km of the new borefield (Pennington Scott 2021).  

The existing natural drainage at the site occurs via a central swale which captures most of the water 
from the high areas of the site to the south and west, and naturally flows towards the dunes on the 
other side of Yardie Creek Road. 

5.5.5 Potential Impacts 

The existing Caravan Park has four (4) water supply bores on Lot 2 Yardie Creek Road, and was 
receiving makeup water from the Department of Defence. The additional supply agreement with 
Department of Defence is not continuing (Cossill & Webley 2020)  Seven (7) additional bores were 
constructed between August and September 2020 under a RIWI Act 26D permit CAW204525 issued 
by DWER. Theis will enable the Proposal to become fully self-sufficient for water.  

The Proponent has been granted a Section 5C Licence to Take Water (GWL153728(7) to take 72, 000 
KL from the Gascoyne Saline Resource, on 16 march 2021. The licence was amended to increase 
approved abstraction from 32,000 kL/year, to enable the Proponent to produce 50,000 kL/year of 
potable water (via a reverse osmosis water treatment plan). The borefield is planned to provide up to 
259 kL/day during the peak tourist season (1 April to 31 October) and 108 kL/day during the low season 
(1 November to 31 March).   

The location of the borefields is shown in   
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Figure 2.3. 

Potential impacts identified for the Proposal include:  

• Direct impacts on groundwater availability as a result of abstraction resulting in lowered 
groundwater table, including potential impacts to subterranean fauna habitat. 

• Direct impacts on groundwater quality (salinity) as a result of abstraction. 

• Indirect impacts of Proposal activities to groundwater quality, as a result of infiltration of 
contaminants from treated wastewater irrigation and fuel storage and vehicle fuel station or 
contaminated stormwater runoff. 

• Changes to surface water flow into the surrounding environment as a result of site infrastructure 

5.5.6 Assessment of Impacts 

5.5.6.1 Direct Impacts on groundwater availability 

Other groundwater users 

The hydrogeological assessment (Pennington Scott 2021) projected the maximum drawdown (over 
the high season) is likely to cause a maximum discernible drawdown impact extending up to 370 m 
from the borefield, with the highest drawdown in each production bore ranging from 0.4 to 0.6 m.      

There are no third party bores within the projected drawdown impact area around the borefield. The 
closest registered bore for general water usage is greater than 5.5 km from the Project’s borefield 
(registered as a stock and domestic bore) and the closet borefield for water supply is the Department 
of Defence (DoD) borefield, located more than 6 km from the Project. The Project borefield will have 
no impact on these bores.  

Aboriginal heritage associated with the occurrence of water 

As discussed in Section 5.6.3, an Aboriginal heritage survey was undertaken for the new borefield 
development. Where Aboriginal heritage sites are associated with the occurrence of water, i.e. 
waterholes, groundwater abstraction has the potential to adversely impact the water related site by 
reducing groundwater flow to the waterhole.  

The four existing bores on Lot 2 are located within the Vlamingh Head (DPLH site ID 10381 –
ceremonial) Registered Aboriginal heritage site. The nearest heritage site with water significance is 
located about 3 km southwest of the new borefield (Pennington Scott 2021).  This site is located 
outside of the potential drawdown impact area around the borefield and is not expected to be 
impacted by Proposal. 

Subterranean fauna habitat and associated World Heritage values 

The potential threat to subterranean fauna associated with the borefield result from lowering of the 
water table which reduces the volume of habitat potentially available to stygofauna. With the 
projected maximum drawdown in the borefield of 0.4 to 0.6 m, this impact is considered minimal. The 
borefield lies in an area of extensive Tulki Limestone and listed stygofauna species that may occur in 
the borefield all have wide ranges on the peninsula, and it is unlikely that any species would have a 
range restricted to the vicinity of the borefield.  The potential impact of groundwater abstraction to 
stygofauna conservation values is considered low. Further discussion of stygofauna is provided in 
Section 5.3. 

5.5.6.2 Direct Impacts on groundwater quality 

In coastal aquifers, there is a risk that over-abstraction from production water bores may lead to up-
coning of the salt water interface, causing the bore to go saline.  In some cases, this could potentially 
cause lasting local depletion of the fresh water lens. The Pennington Scott (2021) investigation of the 
salt water interface (SWI) at the new borefield indicates that this is located at least 15 m below the 
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base of the wells. Potential up-coning of the SWI resulting from pumping of the bores is calculated to 
be a maximum of 2.3 m under the borefield site and pumping conditions. This level of up-coning is 
well below the depth at which the bores are screened (to a maximum of 3 m), and therefore the bores 
are not expected to experience seawater intrusion resulting from pumping.   

The brackish to saline water quality in the immediate vicinity of the production bores (3,000 to 14,000 
mg/L) is expected over the course of the high season as better-quality groundwater is sipped from the 
water table. However, the water quality will replenish seasonally with mixing of seasonal recharge 
from the Cape Range, when abstraction rates are minimal and natural recharge over the Cape Range 
is at its highest. 

5.5.6.3 Indirect impacts on groundwater quality 

Irrigation of treated wastewater 

The Proposal includes the provision of a reverse osmosis water treatment plant and a new wastewater 
treatment plant, both of which will produce wastewater streams requiring disposal – saline brine and 
tertiary treated wastewater. The brines reject from the RO may be reused as grey water (e.g. toilet 
flushing) or evaporated or used for irrigation.  

The wastewater treatment plan is proposed to consist of a Membrane Bioreactor (MBR) followed by 
ultra-violet disinfection and chlorination.  The plant will be similar to the plants in use within similar 
environmentally sensitive coastal locations, such as Monkey Mia Dolphin Resort and Rottnest Island. 
The treatment plant is designed to achieve high levels of nutrient (nitrogen and phosphorus) and 
pathogen removal, producing a tertiary treated effluent suitable for site irrigation.   

The treated wastewater will be discharged to a single 300 kL tank for subsequent irrigation of 
landscaped areas as well as plumbed into the buildings for flushing toilet. This tank will provide 
sufficient storage for a nominal 4 to 5 day supply at peak demand (Water West 2020) 

There will be an underlying irrigation demand, which can be topped up with bore water when 
occupancy falls below a critical level (which will be associated with less bore water demand for potable 
supply).  For disposal of the treated wastewater in peak occupancy, additional drippers will be located 
within roadside swales and natural swales.  The vegetation in these swales will be designed to benefit 
from this water however not rely on it for survival.  This water will infiltrate into the sandy soils, and 
ultimately flow through the swales, greening the central swale, and being naturally treated, as it flows 
towards the central swale (Cossil & Webley 2020,Appendix F).  

The existing lined evaporation ponds will be retained to provide stand-by storage and/or disposal 
capacity in addition to the 5 day holding capacity of the treated wastewater storage tank (e.g. in 
extreme rainfall events, when irrigation not feasible or would result in excess runoff).   

The risk of nutrient enrichment of groundwater from infiltration of treated wastewater is considered 
low, with no significant residual impact on groundwater predicted.  

Fuel storage and vehicle service station 

There is a risk of hydrocarbon contamination of soils and stormwater associated with fuel storage and 
vehicle refuelling activities, which in turn may impact on groundwater through infiltration through 
soil.  

The existing fuel service station at the Caravan Park has been removed, with no evidence of recent or 
historical tank leakage, based on both visual inspection and comparison of delivery and consumption 
records (pers.comm. D Griffin, Tattarang, February 2021).   

The Proposal includes the installation of new a new fuel service station which will utilise double 
skinned, underground fuel storage tanks installed and maintained in accordance with relevant 
Australian Standards (e.g. AS1940) and the Dangerous Goods Safety Act 2004 and Regulations.  
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The depth to groundwater water is approximately 40 m below the surface through Tulki limestone, 
well below the base of the planned storage tanks.  

The service station site will be sealed and drained such that hydrocarbon contaminated runoff is 
contained for subsequent treatment and/or off-site disposal.  Hydrocarbon contaminated water will 
not be discharged to the environment. 

The risk of contamination of groundwater from the underground tanks or the operation of the fuel 
service station is low.  

5.5.6.4 Changes to surface water flow into the surrounding environment 

The redevelopment may result in changes to existing surface water flow paths, through alteration 
of the natural landforms for construction of buildings and ancillary facilities, roads and paths. This 
may lead to a change in flow to surrounding vegetation or potential flooding during extreme 
rainfall events that may occur.  

5.5.7 Mitigation Measures 

Avoid 

• The production water bores have been designed for groundwater sipping, and as such are only 
screened over the first 3 m below the water table, and will not intercept the salt water interface 
which is at least 10 metres below the base of the production bore screens (this is conservative 
considering that the pilot hole drilling results show that the salt water interface is at least 15 m 
below the base of the bores). 

Minimise 

Groundwater Abstraction 

• Groundwater abstraction is being undertaken in accordance with groundwater licence(s) 
(GWL) issued in accordance with the Right in Water and Irrigation Act 1914 and the 
associated groundwater licence operating strategy. The application for increased abstraction 
licence will be assessed and granted by DWER in consideration of the Exmouth Groundwater 
Subarea Allocation Plan.  

• Borefield design characteristics that minimise the impact of the borefield include: 

o The production water bores have been designed for groundwater sipping, and as such are 
only screened over the first 3 m below the water table. 

o All production bores would be continuously pumped at 0.5 L/sec through the tourist 
season. 

Groundwater Quality 

• The proposed wastewater treatment system is designed to remove nutrients and pathogens 
within the wastewater, suitable for site irrigation in accordance with the requirements of DWER 
and Department of Health.  The assessment, approval and management of the wastewater 
treatment system will be undertaken under Part V  of the EP Act by DWER and under relevant 
Health Act requirements, administered by the Shire of Exmouth. 

• These existing lined evaporation ponds will be retained for additional storage capacity of treated 
wastewater in the event irrigation is not possible (e.g. extreme rainfall conditions).  

• Chemical storage within the wastewater treatment plant will be bunded in accordance with 
AS3780-2000.  

• Fuel storage will be required to be compliant with the Dangerous Goods Act and relevant 
legislation and AS1940, e.g. above ground storage to be bunded and underground storage to be 
in appropriate double skinned tanks with leak detection capability.  
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Surface Water 

• Positioning accommodation buildings in the hillside contours on stilts and locating access 
ways and nature trails, reduces total cut volumes while minimising impact to existing 
landforms and maintains overland water flow. 

• Raised boardwalk will not only promote migration of surrounding dune vegetation into the 
resort, but will also enable surface flow paths to be maintained.  

• The low-density nature of the development and the highly permeable sand and significant 
depth to groundwater at the site allow for development to occur with minimal need for 
constructed stormwater management infrastructure. Stormwater drainage collected from 
new roads and building developments will be disposed of by means of infiltration via swales, 
both roadside and natural, throughout the site. 

5.5.8 Predicted Outcome  

The Proposal will result in: 

• The increased licensed maximum abstraction of groundwater from 32,000 kL/year from the 
Gascoyne Saline Resource to 72,000 kL (approved via GWL 153728(7)). 

• A predicted  drawdown impact, that is extending up to 370 m from the borefield, with the highest 
drawdown in each production bore ranging from 0.4 to 0.6 m. 

• Irrigation of tertiary treated wastewater to landscaped areas of the Proposal. 

• Minimal change to existing landforms for construction.  

The risk of adverse impacts on groundwater availability for other users and ecological function of the 
subterranean waterways is negligible due to the minor extent of predicted drawdown and separation 
distances respectively (at least 5km from other production bores and similar distance from the Cape 
Range Subterranean Waterways).  

The risk of contamination of groundwater or stormwater from site activities, given the proposed 
wastewater treatment method, and site management measures, is considered low. 

Overall, the proposed groundwater abstraction and Proposal activities that may impact on surface 
water flow and quality; and groundwater quality, are not considered to have a significant residual 
impact at either a local or regional scale. The Proponent considers therefore that the objectives for 
this factor can be met. 
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5.6 Social Surroundings  

5.6.1 EPA Objective 

The EPA’s objective for Social Surrounds is:  

To protect social surroundings from significant harm 

Based on the definition of social surroundings in the EP Act, for it to be considered in environmental 
impact assessment, there must be a clear link between the Proposal’s impact on the physical or 
biological surroundings and the subsequent impact on a person’s aesthetic, cultural, economic or 
social surroundings.   

5.6.2 Policy and Guidance  

The relevant policy and guidance for Social Surrounds is summarised in Table 5.21.  

Table 5.21: Policy and Guidance relevant to Social Surroundings 
Policy and Guidance Key Aspects 

Environmental Factor Guideline Social 
Surroundings (EPA 2016k) 

The purpose of this guideline is to communicate how the factor Social 
Surroundings is considered by the EPA in the EIA process. Specifically, the 
guideline: 

• defines the factor Social Surroundings and explains the associated 
objective; 

• describes EIA considerations for this factor; 

• describes issues commonly encountered by the EPA during EIA of 
this factor; 

• identifies activities that can impact social surroundings; and 

• provides a summary of the type of information required by the EPA 
to undertake EIA related to this factor. 

 
For the purpose of this assessment, the key aspects of social surrounding 
relevant to this Proposal are: 

• Aboriginal heritage and culture; and 

• Natural and historical heritage. 

Section 16 (e): EPA Strategic Advice on 
Exmouth Gulf, Summary of Public 
Submissions (EPA 2021b) 

The key relevance of the Strategic Advice is the location of the Proposal within 
the Ningaloo Coast World Heritage Area (NCWHA), which has natural 
connectivity to the Exmouth Gulf. Australia is a signatory to the World Heritage 
Convention and its government has duties to the protect the NCWHA. 
 
Values of concern raised in the submissions relevant to this Proposal include: 

• Cape Range peninsula has a rich history of human occupation going back to 
the Pleistocene. 

• The Ningaloo Coast World Heritage Area; Ningaloo Marine Park 
(Commonwealth and State), Cape Range National Park. 

• Geological landsacpes (e.g. limestone, calcrete, sandstone). 
 

Potential and current pressures raised in the summary of submissions relevant 
to the above include: 

• Cumulative impacts on World Heritage values (development, tourism). 

• Invasive species (land). 

5.6.3 Studies and investigations 

Aboriginal Heritage 

The Proponent (then North West Resorts Pty Ltd) commissioned the Yamatji Marlpa Aboriginal 
Corporation (YMAC) to undertake the following archaeological and ethnographic surveys (desktop and 
field) on the Gnulli native title claim (WC1997/028) between 10 December and 13 December 2019, 
with respect to the Proposal: 
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• Archaeological and ethnographic site identification survey of Lot 2 and Lot 557 Yardie Creek Road  
(referred to in the report as the “proposed Ningaloo Lighthouse Holiday Park expansion area”), 
consistent with the Proposal DE.  Prior to the field survey, a desktop review of the Department of 
Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage Enquiry System (AHIS) was undertaken 
to identify any Registered Aboriginal sites, other heritage places (OHPs), prior surveys and 
associated reports relevant to the project area. Where applicable, unpublished heritage reports 
and relevant academic resources were also consulted (YMAC 2019a). 

• Archaeological and ethnographic work program clearance heritage survey of the new borefield 
(referred to in the report as the “proposed section 91 water bores”). Prior to the field survey, a 
desktop review of the Department of Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage 
Enquiry System (AHIS) was undertaken to identify any Registered Aboriginal sites, other heritage 
places (OHPs), prior surveys and associated reports relevant to the project area. Where applicable, 
unpublished heritage reports and relevant academic resources were also consulted (YMAC 
2019b). 

The final reports are provided in Appendix G. 

Natural Heritage 

The assessment of potential impacts of the Proposal on Natural Heritage values is informed by the 
studies undertaken for the key environmental factors, as indicated in Table 5.22 and for which the 
cross reference to the relevant section is provided. 

Table 5.22: Studies and Investigations Relevant to National Heritage 

National Heritage Values 
Corresponding Key 
Environmental Factor 

Studies and 
Investigations 
Cross Reference 

N
at

u
ra

l V
al

u
es

 

The Exmouth Peninsula subterranean estuary and associated 
subterranean fauna (stygofauna and troglofaunal) 

Subterranean Fauna 

 

5.5.3 

Inland Waters - Groundwater 5.5.3 

Rangeland communities of Exmouth Peninsula Flora and Vegetation 5.1.3.1 

Terrestrial Fauna 5.2.3.1 

In
d

ig
en

o
u

s 

V
al

u
es

 

Archaeological deposits within Cape Range Social Surrounds – Aboriginal 
Heritage 

5.6.3 

Consultation with Indigenous stakeholders on a proposed 
action likely to significantly impact on the listed Indigenous 
heritage values of the place and/or on a protected matter that 
has Indigenous heritage values 

European Heritage 

A Heritage Impact Assessment (HIA) of was prepared by Griffiths Architects in 2019 for the Proposal, 
to support the Development Application to the Shire of Exmouth and Kimberly Pilbara Gascoyne Joint 
Development Assessment Panel.   The HIA considers state heritage values described in the Statement 
of Significance that are articulated in the Heritage Council Assessment and Register document for 
Vlamingh Head Lighthouse Group. The HIA is provided in Appendix H. 
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5.6.4 Receiving Environment  

The Cape Range peninsula has a long history of occupation by Aboriginal people, extending to 30,000 
years ago. Evidence of their continual occupation has been found within the range from caves and 
midden sites on the shoreline between Mangrove Bay and Yardie Creek (Meissner 2010). 

The first permanent European settlement was established by Thomas Carter, at Point Cloates in 1889. 
The first pastoral station, Yardie Creek, was established soon after from the western and northern 
parts of the peninsula, with sheep the main stock. The station went through several changes, with 
subdivision into several leases in 1907 and then parts re-amalgamated during 1933. The Yardie Creek 
Station lease reverted to the Crown in 1959 and subsequently became Unallocated (Vacant) Crown 
Land. Part of the UCL became gazetted as a reserve and subsequently became the Cape Range 
National park in 1974, following several additions and amalgamations of reserves (Meissner 2010) 

5.6.5 Native Title and Cultural Heritage 

Native Title has been extinguished for Lot 2 and Lot 557 Yardie Creek Road, as the land tenure is 
freehold.  

From a cultural heritage perspective, the Proponent has committed to ensure the following is upheld 
when developing the Proposal: 

• open and flexible communication with the Aboriginal Stakeholder group; 

• consult with the Aboriginal Stakeholder group in relation to the management of identified 
Aboriginal heritage sites and places; and 

• fulfil its statutory obligations under the AH Act. 

The Proposal is located within the Gnulli (Baiyungu) determination area (WC1997/028). YMAC is the 
heritage service provider of the Gnulli native title group.   

The surveys noted in Section 5.6.3, were undertaken with the full involvement of the Gnulli 
representatives who are descendants of Aboriginal people from the Cape Range area. These 
representatives were nominated by the native title group based on the most current selection 
processes endorsed by the appropriate native title group committee. 

Aboriginal Stakeholder Group 

The North West Cape (Vlamingh Head) includes areas of world-renowned heritage significance. Whilst 
the project area falls within a majority previously disturbed land area, the surrounding area is a highly 
sensitive and culturally rich area. Engagement with the Aboriginal Stakeholders was undertaken 
throughout 2019 (NWR 2020).  

The key Aboriginal Stakeholder group and recognised Native Title Holders (2019) of the North West 
Cape area are the Baiyungu Native Title Holders. 

The Proposal affects land in which the Nganhurra Thanardi Garrbu Aboriginal Corporation (NTGAC) 
have asserted Aboriginal heritage knowledge and are the Prescribed Body Corporate (PBC) with 
respect to Native Title in this area. 

Aboriginal Stakeholder Consultation 

Consultation and heritage surveys undertaken by Z1Z Resorts with Gnulli Native Title representatives 

and YMAC form the basis of the Proposal’s Cultural Heritage Management Plan. The Plan outlines 

Aboriginal heritage procedures and control methods for the Project proposal, including those 

appropriate to where DPLH registered site 10381 Vlaming Head overlaps Lot 2 Yardie Creek Road and 

the sensitive sand dune area, also identified within the Project area. 

Representatives from Z1Z Resorts Pty Ltd met with the Board of the NTGAC (the PBC) on Thursday 18 

March 2021 in Exmouth. The Board and YMAC staff undertook a site visit to view the proposed Project 
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area and inspect the proposed borefield and pipeline easement. The heritage procedures and control 

methods outlined in the Cultural Heritage Management Plan were reiterated during this visit. 

Heritage survey work has also established that overlap of the registered site and the proposed 

borefield does not exist. The proposed new borefield and pipeline are located over UCL 307 and 308 

on Deposited Plan 40825. Establishing tenure to permit water extraction and easement is required to 

supply the resort with water. In-principal support by NTGAC has been secured to progress ILUA 

arrangements and grant tenure for the borefield and pipeline easement. 

Part of an ongoing commitment, Z1Z Resorts continues to formulate strategies and build relationships 

to work and share knowledge with the Traditional Custodians of Nyinggulu. 

5.6.6 Aboriginal Heritage and Culture 

The Cape Range area is an archaeologically rich region with over 35,000 years of human occupation. 
In the vicinity of the current survey area are a number of different site types. Shell middens have been 
located on the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 
paintings, grinding patches and archaeologically significant deposit. Larger sites are typically located 
in areas adjacent to a range of resources such as that found near freshwater creeks and mangrove 
communities, which provide both aquatic and terrestrial fauna. Fewer sites have been recorded on 
the eastern side of the peninsula, but this may be the result of less systematic inspections on this side 
of the cape (YMAC 2020a).  

Survey Areas within the Proposal Development Envelope  (YMAC 2020a) 

Lot 2 Yardie Creek Road contains the existing caravan park and because this was constructed prior to 
the adoption of surveys for heritage sites, no investigations of the area within this Lot were conducted. 
Lot 557 which is adjacent, is relatively pristine in comparison but there are access tracks including on 
substantial track running the length the lot (YMAC 2020a).  

DPLH Registered Heritage Sites within the Development Envelope (YMAC 2020a) 

The AHIS search identified one registered Aboriginal site within the project area for the Proposal DE 
(Lot 2 and Lot 557 Yardie Creek Road), as shown in Figure 5.21:  

Vlamingh Head (DPLH ID 10381- ceremonial) 

Vlamingh Head (DPLH ID 10381- ceremonial) is a place of sacred importance that has a closed or 
obscured boundary on the DPLH public database because of cultural sensitivity. 

The DPLH site file records this cultural place where Aboriginal people have attributed significant 
meaning to the limestone ridge of Cape Range which ends at its northern most point with Vlaming 
Head as it is known now. Aboriginal people called this place Padjari Manu after the name for the hill 
kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. This sacred place contains 
mythological, ceremonial and ritual elements of Aboriginal culture and is registered site under Section 
5(b) of the Aboriginal Heritage Act.   

The DPLH site boundary, which appears on the public database as a two kilometre square polygon, 
overlaps the project area at the Ningaloo Lighthouse Holiday Park. However the actual boundary is 
masked as the site is culturally sensitive.   

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant to the 
survey area and provides a deeper understanding of the cultural landscape. The area of the proposal 
at Vlamingh Head “is within the area identified as the land traditionally occupied by the northern 
neighbours of the Baijungu linguistic unit (Tindale 1974 in YMACa). According to Tindale, the Baiyungu 
people inhabited an area roughly between Point Cloates and Quobba Point and inland to 
approximately Mia. To their north were the Jinigudira and to the south the Maia. Probably during the 
latter portion of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 
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pearlers and others working in the Exmouth Gulf area. The epidemic undoubtedly affected the 
Baijungu, the direct neighbours of the Jinigudira. Cardabia Station where members of the Gnulli Native 
Title group reside is only a couple of kilometres from Coral Bay and there are seven burial sites 
between Gnaraloo Bay and Point Maud. 

Regardless of whether the human remains are the result of the sickness that decimated the local 
population in the 1800s or are considerably older, the sand dunes of the coast and Exmouth region 
have proved to be preferred burial places. The possibility of finding human remains in the vicinity of 
Vlamingh Head would be reasonably high especially in the coastal dunes and sand ridges east of Cape 
Range. For obvious reasons, and in light of the tragic history of the area, the current generation of 
Aboriginal heritage custodians are keen to ensure that the resting places of their ancestors are left 
undisturbed (YMAC 2020a). 

During the survey, this previously recorded site was reassessed and found to have continuing cultural 
significance for the Baiyungu people.  

Newly Identified Aboriginal Sites within the Proposal Development Envelope (YMAC 2020a).  

One area of sensitivity, a red dune, was recorded during the survey of Lot 557 and is hereafter referred 
to as “Sensitive Dune Area” (Figure 5.22). During the survey, whilst on this red dune within Lot 557, a 
Gnulli participant commented on a small piece of bone but the origin of the bone could not be 
ascertained. 

This site is  a longitudinal dune that extends north south and is partially within Lot 557  The dune was 
defined using two metre contour data and aerial photography to identify the extent within Lot 557.  A 
smaller area of concern was marked using a hand held GPS unit, however it was thought that the 
entirety of the dune could potentially contain sub surface material and human remains. The sensitive 
section of the landform is the red sand crest but part of this dune within Lot 557 is limestone and this 
section is unlikely to contain burials. 

The defined area includes a red sand dune crest with some wind eroded exposed areas. Kangaroo 
bone was found in and around these areas. In one blow out a piece of post cranial non-diagnostic 
bone was found and the party discussed the possibility that this was a piece of human bone from a 
burial within the dune. Those present concluded that the best way to protect unidentified burials was 
to preserve the dune landform. 

Given the auspicious location of the dune crest in proximity to the ranges and the coastal fore dunes 
of Vlamingh Head it is possible that this land form was a focal point for human activity in the past.   

The Sensitive Dune Area is potentially of importance and significance under section 39(2) a and b of 
the AHA. Those consulted confirmed that dune crests were places where people were buried in the 
past. By definition, the act of interring a loved one in accordance with tradition is a ceremony and the 
resulting grave a place of reverence and ritual attendance. Additionally, artefact scatters found near 
the coast at the northern tip of the cape have often been found on the crest of sand dunes, and this 
dune is in proximity to a number of significant landscapes such as Vlamingh Head and the northern 
end of the range. 

A Heritage Information Submission Form (HISF) has been submitted to DPLH for consideration by the 
Aboriginal Cultural Materials Committee (ACMC). 
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Figure 2: Aboriginal Heritage Survey Results 

Figure 5.22: Aboriginal Heritage Survey Results – Lot 2 and Lot 557 
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Survey Areas for the section 91 Water Bores and Access Track (YMAC 2020b) 

The new bore field is approximately two km south of the existing holiday park and access is gained to 
the area via a surviving dirt track. At the time of the survey it was intended that this track and the 
proposed tracks linking the individual bore targets would be upgraded as part of the drilling program 
(which subsequently occurred in August to September 2020).   

Seven drill targets and 2.77 km of vehicle track comprised the planned water bore survey. The 
proposed track upgrade corridor as defined was 20 m wide and centred on the existing alignments. 
During the survey, the eastern end of the southern access track was truncated to end at Water Bore 
target number LH 001 at the request of the proponent. Prior to the survey each bore target was given 
a 20 m radius to allow for clearing and the establishment of a drill pad but this radius was increased 
to 25 metres following a discussion on site regarding the drilling process. 

The reference to ‘section 91’ is a reference to a licence issued under Section 91 of the Land 
Administration Act 1997, to access Crown Land. This provides tenure pending the grant of an 
easement which is required for the issue of the final RIWI Act 5C groundwater licence. 

DPLH Registered Heritage Sites within the Development Envelope (YMAC 2020b) 

The AHIS search identified no Registered heritages sites or OHPs within the borefield area. There is 
one registered Aboriginal site within the vicinity of the water bores and associated access track, being 
Vlaming Head (DPLH ID 10381 - ceremonial)  described above.  

Newly Identified Aboriginal Sites within the Proposal Development Envelope (YMAC 2020b).  

One new heritage place, Section 91 Water Bores Avoidance Area One – artefact scatter, was identified 
within the water bore access track survey area and a deviation to avoid the site was identified and 
inspected for cultural materials (Figure 5.23). The alternate route was placed to avoid both the site 
and a longitudinal sand dune to the east. It reconnects to the northern end of the proposed alignment 
within a disturbed quarry area. 

This site is a scatter of stone artefacts that was revealed in a section of the existing track. It is located 
at the northern end of the proposed alignment where the track skirts the eastern end of the ranges. 
North of this, the track descends into the existing quarry area. The cultural material is situated at the 
southern margin of the entrance to a drainage valley within the ranges. This is a well-defined drainage 
line that cuts through the ranges and empties onto the sandplain at this point. It is probable that the 
water descending through this valley runs onto the track and has created the washout where the 
cultural material was identified. 

The site boundary was defined to encompass all visible artefacts within the track area and on the 
undisturbed sand plain above. A suitable buffer to account for GPS accuracy was included on the 
southern, northern and eastern sides. The western boundary of the site was not assessed during this 
survey and it is assumed that it extends into the limestone range and the drainage valley beyond the 
area currently defined for the scatter. This section of the border is depicted as a straight line and is 
not indicative of a proved boundary. As it is delineated the boundary will be sufficient as the current 
activity will be within the existing access track and to the east of the site. If any work is proposed to 
the west of the site the boundary will have to be revisited as it is possible that it extends westward 
into the ranges. 

The scatter consists of quartzite and silcrete flakes and one rotated quartzite core. None of the flakes 
are primary flakes although most are broken, which may be due to damage from vehicles using the 
track. These are the remains of an occupation site located near the resources of both the ranges and 
the plain and the water that drains seasonally through the valley. Freshwater would have drained past 
the site during the wet season and game and plant resources would have been available in both the 
ranges above and on the plain to the east. 
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Section 91 Water Bores Avoidance Area One is important and significant under section 39(2b) of the 
AHA. The Gnulli representatives present during the recording of the site were adamant that the site 
be protected as evidence of the activities of their ancestors. 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2c). Artefact 
scatters are a relatively common site type within the Exmouth region. The majority of these sites, 
however, have been recorded within the ranges or on the west side of the peninsula adjacent to the 
resources of the coast. The presence of a habitation site within an area that is not in proximity to the 
coast and is not within the ranges, has the potential to answer questions about the past use of the 
plain within the cape area. 

A Heritage Information Submission Form (HISF) has been submitted to DPLH for consideration by the 
Aboriginal Cultural Materials Committee (ACMC). 

Other matters 

Given the importance of the groundwater in the sacred narratives of the region, the Gnulli 
representatives raised concerns regarding the drawing of water from bores on the Cape. In particular, 
during the survey for the borefield, there was general ethnographic comment made about the effect 
of drilling into the water below the surface and the potential impact on nearby water-sources 
traditionally used by Aboriginal people. Concerns were raised in May 2019 by YMAC that pumping of 
groundwater may adversely impact water holes 3km south-west of the borefield, however it was 
concluded that the pumping rates would be too low to affect water holes on the other side of the 
ridge. 
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Map 1: Section 91 water bores and access track 

Figure 5.23: Aboriginal Heritage Survey Results - Borefield
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5.6.7 Potential Impacts – Aboriginal Heritage and Culture 

Potential impacts identified for the Proposal include:  

Direct Impacts 

- Works proposed for Lot 2 lie within the registered  Aboriginal site DPLH 10381 Vlamingh Head 
(Figure 5.23). 

- Continued vehicle access to site Section 91 Water Bores Avoidance Area One. 

Indirect Impacts  

- Increased visitor traffic to the area resulting in indirect disturbance to sites. 

- Groundwater abstraction impacting on ethnographic values. 

5.6.8 Assessment of Impacts – Aboriginal Heritage and Culture 

The Aboriginal Heritage Act 1972 (AH Act) provides for the preservation of Aboriginal heritage sites 
and it is an offence to interfere with a registered site unless otherwise authorised under the Act. It is 
also an offence to interfere with any Aboriginal site knowingly or where it would be reasonable to 
know, regardless of whether or not it is registered.  

The EP Act can, in some instances, complement the AH Act, for example, in cases where actual physical 
protection of the environment is required to protect sites of heritage significance. In addition to 
Aboriginal heritage, matters of Aboriginal cultural associations, including traditional Aboriginal 
customs, directly linked to the physical or biological aspects of the environment, may also be 
considered significant (EPA 2016k).  

Direct impacts 

A portion of Lot 2 is located within the Vlamingh Head site, and requires disturbance to clearing and 
construction works associated with the Proposal.  Correspondence between YMAC and DPLH on 
behalf of the descendants of the Aboriginal heritage informants confirmed that as the site covers part 
of Lot 2, it will therefore be within the impact zone of the current project. This site is linked to other 
sites of spiritual and ceremonial importance in the Cape Range National Park and as far south as 
Carnarvon (YMAC 2020a). 

Accordingly a Section 18 consent is required, and has been obtained , to undertake works within this 
site (Appendix 1 of the Cultural Heritage Management Plan provided in Appendix G), as shown in 
Figure 5.24. 

The newly identified Sensitive Dune Area is not proposed to be impacted by the Proposal, following 
discussion with the Gnulli representatives. An undertaking was given that the Proponent will not 
conduct any work in the dunes east of the main track to avoid uncovering any artefactual material or 
human remains that may be within it. 

The Proponent has since met (18 March 201) with the elders and senior members of the Baiyungu 
Prescribed Body Corporate (PBC) who were unable to attend the heritage survey to discuss mitigative 
strategies regarding groundwater abstraction or other matters, and the ongoing relationship with 
relevant native title holders, as per the request of the Gnulli representatives during the survey (YMAC 
2020b) 

The Section 91 Water Bores Avoidance Area One site has been impacted by historical vehicular access 
and unless it is avoided, will continue to be impacted.  

Indirect impacts 
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The redevelopment, whilst decreasing the number of overall overnight guests from the previous 
Caravan Park, may see an increase in daily visitor traffic to the area and may result in indirect 
disturbance to the newly identified Sensitive Dune Area.  

The Gnulli representatives raised concerns regarding the drawing of water from bores on the Cape in 
relation to the importance of groundwater in the sacred narratives of the region.  

5.6.9 Mitigation Measures  - Aboriginal Heritage and Culture 

Avoid 

• The Sensitive Dune Area site within Lot 557 will be avoided and will not be impacted by the 
Proposal. Tourists will be encouraged away from the landform with use of alternative pathways. 

• The Section 91 Water Bores Avoidance Area One site will be avoided by deviation of the access 
track to the east, as shown in Figure 5.23. The old track will be blocked to prevent further vehicle 
access. 

Minimise 

• The Proponent has received consent under section 18 (s18) of the AH Act (Reference: 69-21438)  
to use Lot 2 for the Purpose being:  

Ningaloo Lighthouse Holiday Park redevelopment. To facilitate a planned redevelopment of 
the existing Ningaloo Lighthouse Holiday Park. This will include demolition of most of the 
existing facilities and then development of a mix of hotel rooms, villas, cabins, camping 
grounds and caravan facilities in a resort style setting, with associated functions spaces and 
boat wash down areas. A dedicated site for group camping activities is also planned, along 
with a future Stage 2 development that would include additional short stay/tourist 
accommodation. 

• Limit disturbance within Lot 2 to the area approved under the s18 consent to minimise disturbance 
to the Vlamingh Head site (Figure 5.24).  

• Implementation of a Cultural Heritage Management Plan (CHMP), the purpose of which is to 
provide a framework for the management of any Aboriginal heritage sites and values within the 
Proposal area. The Proponent, while not required to prepare a CHMP, have prepared the plan 
provided in Appendix G on the basis of the recommendations of the YMAC heritage survey reports 
(2020a, 2020b) and in accordance with a best practice approach.  

• Design and install access ways leading away from the Vlamingh Head site to ensure that tourist 
activity is directed away from this area and that respect for the spiritual values of the cape are 
encouraged. 

• Maintain ongoing communication with the Aboriginal Stakeholder group (identified in Section 
5.6.5) and consult in relation to the management of identified Aboriginal heritage sites and places. 

Rehabilitation 

• As the new alignment of the borefield access track becomes the preferred track then the sand 
plain and vegetation should reclaim the area of the site that is within the track. YMAC (2020b) 
note that the area of the track within the site should not be subject to rehabilitation efforts as this 
will cause more disturbance. 

5.6.10 Predicted Outcome – Aboriginal Heritage and Culture 

The Proposal will result in ground disturbance within the impact zone of the Vlamingh Head Registered 
Heritage site, in accordance with the conditions of the s18 consent (Reference: 69-21438).  

The Proposal has identified two previously unknown sites which will be afforded ongoing protection 
as a result of the implementation of the Proposal: 
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• Sensitive Dune Area; and  

• Section 91 Water Bores Avoidance Area One.   

The Sensitive Dune Area will be avoided and protected from future development.  

The Section 91 Water Bores Avoidance Area One site will be protected from further damage through 
diversion of the borefield access track to the west of the scatter of stone artefacts. Blocking the track 
from further vehicle access and allowing natural regeneration of the vegetation will provide ongoing 
protection of this site.  

Groundwater abstraction from the new and existing borefields is required for the implementation of 
the proposal and is unavoidable. However, the heritage survey process has provided an opportunity 
for further documentation of the Aboriginal cultural associations with Cape Range, contributing to the 
knowledge base to support overall protection of heritage values in the region. 

The proposed disturbance is limited to an existing disturbed area within the Registered Aboriginal 
Heritage site on Lot 2 and is not likely to be significant at either a local or regional scale.  
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5.6.11 Receiving Environment – Natural and Historical Heritage 

Natural and historical heritage sites are important because they help us to understand our past, enrich 
our understanding of our society, and contribute to community and individual wellbeing (EPA 2016k). 
The Proposal is located within the mapped boundary of the Ningaloo Coast National Heritage site and 
adjacent to the terrestrial boundary of the World Heritage Area (Figure 2.5). Potential impacts on 
World Heritage values are considered in Section 8.5.1. 

Ningaloo Coast World Heritage Area 

The Ningaloo Coast was inscribed on the World Heritage list in June 2011, meeting criteria for 
Outstanding Universal Value. The boundary encompasses what the World Heritage Committee 
considered to be the Ningaloo Coast's key marine and terrestrial values of outstanding universal value 
and excludes all areas under pastoral lease.  

The interconnected ocean and arid coast form aesthetically striking landscapes and seascapes. The 
coastal waters host a major near shore reef system and a directly adjacent limestone karst system and 
associated habitats and species along an arid coastline. The property holds a high level of terrestrial 
species endemism and high marine species diversity and abundance.  

 The most dominant marine habitat is the Ningaloo reef, which sustains both tropical and temperate 
marine fauna and flora, including marine reptiles and mammals, including an unusual diversity of 
marine turtle species with an estimated 10,000 nests deposited along the coast annually. 

The main terrestrial feature of the Ningaloo Coast is the extensive karst system and network of 
underground caves and water courses of the Cape Range. The karst system includes hundreds of 
separate features such as caves, dolines and subterranean water bodies and supports a rich diversity 
of highly specialized subterranean species. Above ground, the Cape Range Peninsula belongs to an 
arid ecoregion recognized for its high levels of species richness and endemism, particularly for birds 
and reptiles (DAWE 2021). 

The third IUCN World Heritage Conservation Outlook  for the Ningaloo Coast in 2020, has downgraded 
the rating from ‘Good’ to ‘Good with some concerns’ (IUCN 2021). The analysis identifies climate 
change as the leading reason for this reclassification and highlights a number of other major threats 
to Ningaloo including those posed by oil and gas and coastal development, as well as fishing effort. 

Increasing visitation, recreational use and associated pressures on marine, coastal and terrestrial 
habitats within and adjacent to the site continue as major threats. Unmanaged visitor access, visitor 
recreation activities and introduced plants and animals continue to remain major threats to the World 
Heritage property.  

However, in general, the Ningaloo Coast site remains well-protected. It has an effective range of 
management plans implemented by the Western Australian Government through the DBCA. An 
Indigenous Land Use Agreement (ILUA) was finalised between the DBCA and the Gnulli native title 
holders to formalise the joint vesting and ongoing joint management of the Ningaloo Marine Park and 
Cape Range National Park and the Nyinggulu Coastal Reserve. The ILUA will support the integrity of 
the World Heritage site and conservation of the natural and cultural values within and adjacent to it. 
It will be important to ensure that the management programs addressing the various threats facing 
this site, particularly building resilience to climate change, are sustained and if necessary supported 
by additional resources (ICUN 2020).   

Natural Heritage – National Heritage Listing 

In addition to its World Heritage listing, the Ningaloo Coast is considered to have outstanding heritage 
value to the nation and has been included in the Australian National Heritage List (DAWE 2021).   Due 
to its extraordinary natural qualities and Indigenous significance, the Ningaloo Coast is considered to  



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 150 

meet the following criteria (CoA 2010) for a place having outstanding heritage value to the nation 
because of the place’s: 

• (a) importance in the course, or pattern, of Australia's natural or cultural history. 

• (b) possession of uncommon, rare or endangered aspects of Australia's natural or cultural history 

• (c) potential to yield information that will contribute to an understanding of Australia's natural or 
cultural history 

• (d) importance in demonstrating the principal characteristics of: (i) a class of Australia's natural or 
cultural places; or (ii) a class of Australia's natural or cultural environments; and  

• (f) importance in demonstrating a high degree of creative or technical achievement at a particular 
period. 

In the context of this Proposal, the Natural Values include (CoA 2010): 

• The Biogeographical environment being “a story of Australia during the Neogene period 
(beginning about 25 million years ago) is a story of increasing post-Gondwanan isolation and the 
expansion of aridity. The subterranean faunas and rangeland communities of Exmouth Peninsula 
exemplify both these evolutionary drivers and accentuate the intimate ties between ecology and 
geological history more vividly than any other place in Australia.” 

• The Exmouth Peninsula subterranean estuary which “has outstanding heritage value to the nation 
for supporting the most diverse and the richest anchialine and groundwater fauna in Australia, 
among the richest in the world. These ecosystems and the troglobites and stygofauna they 
support have the potential to yield information about biogeography, evolution and changing 
climates in Australia over hundreds of millions of years, from the late Palaeozoic to the present.” 

The Indigenous Values (CoA 2010) include consideration of the archaeological deposits in the rock 
shelters on Cape Range which “show Aboriginal peoples' sophisticated knowledge of marine resources 
between 35,000 and 17,000 years ago. Shell beads discovered at Cape Range have been dated to more 
than 32,000 years old, which is the earliest evidence known in Australia for the manufacture of 
personal ornaments.” The rock shelters of Exmouth peninsula provide the best evidence in Australia 
for the use of marine resources during the Pleistocene including their uses as food and for personal 
adornment. 

Whilst the Proposal will not impact on rock shelters, it is possible that archaeological deposits have 
been washed down from the Cape Range over time and may be discovered at the base of the range, 
as is considered may be the case for the newly identified Aboriginal heritage site near the Proposal’s 
new borefield access track (Section 5.6.6). 

The Indigenous values of the Ningaloo Coast National Heritage Place are not definitively mapped. 
Indigenous people are the primary source of information on the value of their heritage and should be 
consulted on a proposed action likely to significantly impact on the listed Indigenous heritage values 
of the place and/or on a protected matter that has Indigenous heritage values (like listed threatened 
species). 

Places listed in the National Heritage List are protected under the EPBC Act.  Approval is required to 
be obtained before any action takes place that could have a significant impact on the national heritage 
values of a listed place. The Proponent has referred the Proposal to DAWE for consideration of 
whether or not it constitutes a controlled action in relation to potential impacts on National Heritage 
and other MNES, for which further discussion is provided in Section 8. 

The location of the National Heritage site includes the nearby Ningaloo Marine Park (Commonwealth 
and State Waters), Jurabi Coastal Park and Cape Range National Park (Section 2.6.5). 
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Historical Heritage (Griffiths 2019) 

The caravan park contains a pair of lighthouse keepers’ quarters, currently known as Powell House, 
which falls within the State Register curtilage of the Vlamingh Head Lighthouse Group (Heritage Place 
no 00837-constructed 1912; 1943-46; 1990s). The group comprises the following: Vlamingh Head 
Lighthouse, Store, Quarters and Grave (1912), Exmouth 31 Radar Station and associated remnants 
(1943-46) and track (Griffiths, 2019). 

The Vlamingh Head Lighthouse Group is one of the earliest European inhabited sites on the North 
West Cape. The lighthouse and associated buildings, completed in 1912, were an important part of 
the development of coastal lights in Western Australia during the early 20th century when the 
increased population of the State and the development of the North West meant a greater number of 
ship movements.  Vlamingh Head Lighthouse Group demonstrates a way of life no longer practiced in 
where accommodation was provided for those working in the adjacent lighthouse.   

The Quarters consisted of a duplex residence for two light keepers and their families and are now 
located centrally within the existing Caravan Park.  The setting of the place has been impacted by the 
construction of a store and office in close proximity on the west frontage, the overall caravan park 
development, and storage and other operation facilities in close proximity along the rear of the 
building.   

The expansive hipped tradition timber framed roof has been re-clad with zincalume and all the 
external perimeter verandahs have been enclosed with fibre sheet dado walls with St Andrew’s cross 
balustrade brace timber detailing on the exterior, per the original design, and hinged shutters above.  
All of this treatment obscures the concrete walls and timber joinery of the pair of quarters, which 
include double hung sash windows, and panelled doors.    

The quarters are arranged symmetrically either side of a dividing wall, with original store, kitchen and 
bathrooms set back to back either side of the wall, then breezeways separating these rooms from the 
living room and two bedrooms 

In 1987, the 64 hectare Lyndon Location 22 was subdivided on Plan 14685 into Lot 4 (1,647 square 
metres), being the site of the Lighthouse, Store and Radar Station and Lot 5, which encompassed the 
remainder of the land.  Lot 5 was acquired by the Shire of Exmouth and subdivided on Plan 14686 to 
create Lot 2 of 14.8 hectare incorporating the site of the Lighthouse Keepers Quarters and Grave.  Lot 
2 was then purchased by Harlena Nominees Pty Ltd, who developed a tourist operation on the site 
with a store, chalets, bungalows, caravan bays, a swimming pool, gas barbeques and tennis court.  The 
place operated as the Lighthouse Caravan Park, with the Lighthouse Quarters occupied by the 
owner/manager.  It is likely during this occupation that new roof cladding was installed on the 
Quarters. 

5.6.12 Assessment of Impacts, Mitigation Measures and Predicted Outcome – National Heritage 

Assessment of potential impacts on the World Heritage Values and associated National Heritage 
Values is addressed in Section 8.5.1.  

The potential impacts to the National Heritage values associated with the Proposal, as identified in 
Table 5.23, have been assessed against relevant key environmental factors in Section 5. Table 5.23 
provides a cross reference to the assessment section of this referral and summarises the key 
mitigation measures and predicted outcomes.  

Overall, the likely impact of the implementation of the Proposal on the Ningaloo Coast National 
Heritage site, is considered low in both a local and regional context and the objectives of this factor 
can be met. The Proposal offers opportunities to improve protection of aspects of both Aboriginal and 
Natural heritage values.  
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Table 5.23: National Heritage Impact Assessment and Predicted Outcome 

National Heritage Values 

Corresponding 
Key 
Environmental 
Factor 

Potential Impacts to National 
Heritage 

Assessment of 
Impacts  Cross 
Reference 

Mitigation Measures Predicted Outcome 

Natural Values 
The Exmouth Peninsula 
subterranean estuary and 
associated subterranean fauna 
(stygofauna and troglofaunal) 

Inland Waters - 
Groundwater 

Direct  Impacts 
Groundwater abstraction 
resulting in lowered groundwater 
table, including potential impacts 
to subterranean fauna habitat. 
Increased salinity of groundwater 
as a result of abstraction. 
Indirect impacts  
Reduced groundwater quality, as a 
result of infiltration of 
contaminants from treated 
wastewater irrigation and fuel 
storage and vehicle fuel station or 
contaminated stormwater runoff. 

Section 5.5.6 Avoid 
Groundwater bores designed to limit 
abstraction to first 3m below the 
water table and will not intercept the 
saltwater interface (at least 10 below 
the base of the bores). 
 
Minimise 
Abstraction undertaken in 
accordance with RIWI Act 
Groundwater Licence. 
 
Bores for groundwater sipping, and 
as such are only screened over the 
first 3 m below the water table. 
 
Wastewater treated to tertiary 
qualtiy prior to irrigation. 
 
Chemical and fuels to be stored in 
accordance with appropriate 
Australian Standards.  

The proposed groundwater abstraction will 
result in a potential reduction of stygofauna 
habitat in the order of 0.5% as a result of 
drawdown. Salinity impacts are likely to be 
seasonal and limited to existing salinity 
ranges in which stygofauna in the vicinity of 
the Proposal are known to occur.  
 
The borefield lies in an area of extensive Tulki 
Limestone and listed stygofauna species that 
may occur in the borefield all have wide 
ranges on the peninsula, and it is unlikely that 
any species would have a range restricted to 
the vicinity of the borefield. The effect of 
groundwater drawdown, as a result of 
borefield operations, on stygofauna 
conservation values is considered to be low 
with no predicted significant residual impact.  
 
The Proposal will result in irrigation of 
treated wastewater with a concentration of 
nitrogen as nitrate concentration of <6 mg/L.  
The Nitrogen will pass through to the water 
table except to the extent it is taken up by 
plant roots, resulting in a discharge to the 
groundwater substantially lower than around 
the old Exmouth WWTP.  A survey of 
stygofauna occurrence in relation to nutrient 
levels at the old Exmouth WWTP suggested 
that nitrogen concentrations had little effect, 
if any, on stygofauna at concentrations of 15 
mg/L. Furthermore, no species is likely to be 
confined to the WWTP and area of irrigation 
effect.   The likely impact on stygofauna 
conservation values is therefore considered 
to be low. 

Subterranean 
Fauna 

Section 5.3.5 
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National Heritage Values 

Corresponding 
Key 
Environmental 
Factor 

Potential Impacts to National 
Heritage 

Assessment of 
Impacts  Cross 
Reference 

Mitigation Measures Predicted Outcome 

Natural Values 
Rangeland communities of Exmouth 
Peninsula 

Flora and 
Vegetation 

Direct Impacts 
Clearing of up to 3.98 ha of native 
vegetation and associated 
terrestrial faunal habitat. 
 
Direct loss of fauna or SRE 
individuals through impacts 
resulting from ground disturbance 
and machinery or vehicle 
movements. 
 
Indirect impacts 
Indirect impacts to adjacent native 
vegetation, resulting in habitat loss, 
degradation and fragmentation, as 
a result of the spread of invasive 
species (weeds). 
 
Invasive species predation on, and 
competition with, native species 
and destruction of habitat. 
 
Increasing and unmanaged 
visitation and associated pressures 
coastal and terrestrial habitats. 

Section 5.1.5 
 

Minimise 
Planning and design of buildings and 
associated infrastructure and tracks 
to utilise all the existing disturbed 
areas, to limit the amount of clearing 
required for new facilities. 
 
Implement speed restrictions in and 
around the Proposal, within aeras of 
the Proponent’s control, both during 
construction and operations. 
 
Active weed management 
throughout the Proposal 
development and subsequent 
operation (e.g. spraying, removal). 
Active pest management (e.g. baiting 
for rats, mice) 
 

Implement good waste management 
practices, including ensuring all 
waste materials are appropriately 
segregated and stored in bins or 
other containers with lids, to prevent 
windblown waste and access by 
fauna. 
 

Visitor access through dunes 
adjacent to the Proposal to be 
managed by designing the foreshore 
access track as a formal pathway to 
discourage access through the 
coastal dunes. 
 
Rehabilitate 
Revegetation of cleared and 
degraded areas through  landscaping 
around the development, utilising 
native grassland and shrub mixes and 
sparse trees, to mimic the 

The Proposal will result in: 
 
The clearing of 3.98 ha of native vegetation, 
within an existing tourist facility, zoned for 
tourist development under the Shire of 
Exmouth’s Local Planning Scheme.   
 
Direct loss of 19 individuals of Priority 3 
species Stackhousia umbellate, which 
represents 0.16% of the known local 
population with 640 individuals recorded 
within the wider area. 
 
The loss of 3.28 ha of Dune swale habitat, 
representing 18.31% of this habitat type 
within the survey area. Coastal dune habitats 
are widespread along the coastline, and not 
restricted in extent.  This habitat type is 
represented in nearby Conservation estate. 
 
The  loss of 0.70 ha of Rocky hills and slope 
habitat, representing 1.48% of this habitat 
type within the survey area. The limestone 
Cape Range provides the most prominent 
habitat types within the survey area, and is 
also represented in the Cape Range National 
Park. 
 
The loss of 0.002 ha of Sheltered Gullies and 
Minor Caves habitat, representing 0.017% of 
this habitat type within the survey area and is 
associated with an existing walking track. This 
habitat type is well represented within the 
Cape Range National Park and surrounding 
areas of Cape Range. 
 
No fauna species inhabiting or likely to 
inhabit the survey area is dependent on the 
survey area.  

Terrestrial Fauna Section 5.2.5 
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National Heritage Values 

Corresponding 
Key 
Environmental 
Factor 

Potential Impacts to National 
Heritage 

Assessment of 
Impacts  Cross 
Reference 

Mitigation Measures Predicted Outcome 

surrounding hummock grassland and 
dune vegetation found currently 
surrounding the site. 

No direct or indirect impacts to Conservation 
Reserves will occur. 
 
The clearing required for the Proposal and 
associated habitat loss and indirect impacts, 
is not considered to  have  significant residual 
impacts at either a local or regional scale. 

Indigenous Values 
Archaeological deposits within Cape 
Range 
 
Consultation with Indigenous 
stakeholders on a proposed action 
likely to significantly impact on the 
listed Indigenous heritage values of 
the place and/or on a protected 
matter that has Indigenous heritage 
values. 
 

Social Surrounds – 
Aboriginal 
Heritage 

Direct impacts 
Ground disturbance within the 
impact zone of Registered 
Aboriginal heritage site, Vlamingh 
Head (DPLH ID 10381- ceremonial). 
 
Indirect impacts 
Increasing and unmanaged 
visitation impacting on Registered 
and newly identified Aboriginal 
heritage sites. 
 

Section 5.6.8 Avoid 
The Sensitive Dune Area site within 
Lot 557 will be avoided and will not 
be impacted by the Proposal. 
Tourists will be encouraged away 
from the landform with use of 
alternative pathways. 
 
The Section 91 Water Bores 
Avoidance Area One site will be 
avoided by deviation of the access 
track to the east, as shown in Figure 
5.23. The old track will be blocked to 
prevent further vehicle access. 
 
Minimise 
Site disturbance on Lot 2 in 
accordance with the Section 18 
Consent. 
 
Implementation of the Cultural 
Heritage Management Plan, 
including ongoing communication 
with Aboriginal stakeholders. 
 
Visitor access managed by designing 
the access track as a formal pathway 
away from Aboriginal heritage 
locations discourage access through 
the sites. 
 
Rehabilitate 

The Proposal will result in ground 
disturbance within the impact zone of the 
Vlamingh Head Registered Heritage site, in 
accordance with the conditions of the s18 
consent (Reference: 69-21438).  
The Proposal has identified two previously 
unknown sites which will be afforded 
ongoing protection as a result of the 
implementation of the Proposal: 

• Sensitive Dune Area; and  

• Section 91 Water Bores Avoidance Area 
One.   

The proposed disturbance is limited to an 
existing disturbed area within the Registered 
Aboriginal heritage site on Lot 2, and is not 
likely to be significant at either a local or 
regional scale.  
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National Heritage Values 

Corresponding 
Key 
Environmental 
Factor 

Potential Impacts to National 
Heritage 

Assessment of 
Impacts  Cross 
Reference 

Mitigation Measures Predicted Outcome 

As the new alignment of the 
borefield access track becomes the 
preferred track then the sand plain 
and vegetation should reclaim the 
area of the site that is within the 
track 
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5.6.13 Assessment of Impacts, Mitigation Measures and Predicted Outcome - Historic Heritage  

The Proposal is only associated with the lighthouse keepers quarters. The grave site is on a separate 
piece of land which is surrounded on three sides by the Proposal DE. The development does not impact 
on any other items included as part of the suite of features included in the Heritage register 
documentation. 

The Proposal includes the adaptation of the former Lighthouse Quarters for use as the main reception, 
concierge and bar.  The developments’ adaptation of significant fabric is restricted to the Lighthouse 
Quarters. No change is proposed to the other elements of the significant built fabric of the site. 

The approach adopted for the house is to enhance its present deteriorated state by conservation of 
the existing elements to the extent that is possible with the adaptation requirements, and to present 
and interpret it to a high standard.  

Griffiths (2019) assessed the impacts of the Proposal against the heritage values outlined in the 
Statement of Significance, which are summarised in Table 5.23 with respect to those values impacted 
by the Proposal.   

Table 5.24: Historic Heritage Place Impacts 

Heritage values Potential Impact Heritage Impact Statement – Degree 
and Intensity of Impacts 

The Lighthouse Quarters is rare as a 
duplex light keepers’ residence. 

Potential to reduce the reading of the 
quarters as a duplex and residence 
through loss of spatial integrity due to 
demolition of internal dividing 
elements. 

The amount of internal demolition has 
been limited to that necessary for a 
reception function.  

Negative Impact.  

Mitigated through:  

Retention of nibs and a ground plane 
indication for removed walls.    

Maintenance of symmetry in new 
works.  

Reinstatement of verandah elements 
and general external conservation. 

The place forms a cohesive cultural 
environment in the harsh natural land 
and sea scape, sharing the aesthetic 
character of concrete and steel 
elements, and is a landmark from both 
the land and the sea. 

The cultural environment remains 
intact. 

No Impact 

The Radar Station and Vlamingh Head 
Lighthouse played an important role for 
the surveillance functions of the State 
between 1912 and 1967. 

The development is confined to Lot 2, 
Lot 557 Yardie Creek Road so that there 
is separation between these features 
and therefore no impact. 

No Impact 

The Vlamingh Head Lighthouse and 
associated buildings were an important 
part of the development of coastal 
lights in Western Australia during the 
early 20th century 

This is an historic value and is not 
impacted upon by the development. 

No Impact 

The Radar Station is a remnant of the 
installation established as part of a 
system of radar stations in Western 
Australia during World War II 

The development is confined to Lot 2 
and Lot 557 Yardie Creek Road so that 
there is separation between these 
features and therefore no impact. 

No Impact 
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Heritage values Potential Impact Heritage Impact Statement – Degree 
and Intensity of Impacts 

The place is associated with 
construction worker Joseph Frank 
Reddy whose grave is a stark reminder 
of the harshness of life in isolated 
locations of the North West in the early 
20th century. 

The gravesite is outside of the 
development area. No work to be 
undertaken in this area. 

No Impact 

 

Predicted Outcome – Historic Heritage 

The overall works will retain the place’s core heritage values. Griffiths (2019) assessment  concludes 
that there are minor negative impacts on the heritage values of the place in localised parts, but that 
this is mitigated by the conservation and presentation of the quarters to a high standard. 
 
The Proponent considers that the objectives for this factor can be met. 
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6. Other Environmental Factors 

The following environmental factors, which are not considered by the Proponent to be key 
environmental factors are summarised in Table 6.1:  

• Air Quality 

• Coastal Processes 

• Greenhouse Gas Emissions 

• Landforms 

• Terrestrial environmental quality. 
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Table 6.1: Assessment of Other Environmental Factors 
Environmental 
Factor 

EPA Objective Relevant Surveys 
and Investigations  

Potential Impacts Management of Impacts 

Air Quality To maintain air 
quality and 
minimise 
emissions so that 
environmental 
values are 
protected 

N/A Airborne dust may be generated during construction activities 
(such as clearing vegetation) and is considered to be 
temporary, with limited direct impact on surrounding 
vegetation.  
Demolition activities may also result in localised dust 
emissions.  
In both instances these emissions are expected to be 
temporary and of short duration. 
 
 

Water based dust suppression measures, such as sprinklers and 
water carts, will be utilised during clearing and construction 
activities to minimise dust emissions.  
Sealed paths, access ways and roads are to be constructed as part 
of the development, which will minimise dust generation from 
these areas once operational. 

Coastal 
Processes 

To maintain the 
geophysical 
processes that 
shape coastal 
morphology so 
that the 
environmental 
values of the 
coast are 
protected. 

Coast Hazard Risk 
Management and 
Adaptation Plan, 
2019 
 
Flora and 
Vegetation 
Survey - Detailed 
Survey, 2018  
(Ecoscape 2018) 

The proposed Development Area is located within an 
existing tourism facility,  located approximately 20m behind 
the dunes of the Lighthouse Beach bay, which forms part of 
the coastal zone of the Ningaloo Marine Park. The current 
resort is separated from the coastal area by Yardie Creek 
Road and is not considered to have direct impact on this 
factor. 
 
Indirect impacts may result from increased nature-based 
tourism and beach access for related recreation associated 
with improved resort facilities. Whilst the overall overnight 
visitor capacity will not increase, it is anticipated there is a 
potential for increase day visitors as facilities are improved. 
Such impacts may include: 

• Increased physical access to reef structures from water-
based recreation. 

Erosion and damage to dune and foreshore vegetation from 
visitor access. 

The proposed buildings and assets of a more permanent nature 
within the Resort are located above and behind the potential 
inundation levels and coastal erosion hazard allowances 
respectively. 
 
The State and Federal Governments have committed funds to 
the relocation of the portion of Yardie Creek Road adjacent to 
the proposed Development. The proponent for this work Main 
Roads. The current road is proposed to be removed and the area 
rehabilitated, and a boardwalk installed by the Shire of Exmouth 
in consultation with relevant State and Commonwealth 
regulatory authorities. The road realignment is outside of the 
scope of this Proposal. 
 
The proponent will continue to consult with DBCA, who are 
responsible for the management of the Ningaloo Coast, 
particularly with respect to supporting sustainable nature-based 
tourism experiences, to provide appropriate signage and other 
visitor management measures. This includes designing the 
foreshore access track as a formal pathway to discourage access 
through the coastal dunes. 

Greenhouse Gas 
Emissions 

To reduce net 
greenhouse gas 
emissions in order 
to minimise the 

Ningaloo 
Lighthouse Resort 
Sustainability 
Strategy, 2019 

The Proposal will result in additional GHG emissions from the 
clearing of native vegetation, operation of machinery and plant 
equipment and from power generation. 
 

The small-scale clearing of native vegetations for the proposed 
development and associated construction activity is not 
anticipated to contribute significantly to the long-term 
generation of greenhouse gas emission. 
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Environmental 
Factor 

EPA Objective Relevant Surveys 
and Investigations  

Potential Impacts Management of Impacts 

risk of 
environmental 
harm associated 
with climate 
change 

Ningaloo 
Lighthouse Resort 
Engineering 
Services Report, 
2020 
 
Ningaloo 
Lighthouse Resort 
Project 
Greenhouse Gas 
Assessment 2021 
(Appendix L 
 

The Proposal will contribute to global GHG concentrations 
from: 

• Direct emissions from the clearing of native vegetation 
and operation of machinery and plant equipment (Scope 
1 emissions); and 

• Indirect emissions from the consumptions of electricity 
(Scope 2 emissions). 
 

Scope 1 Emissions 
The works associated with the Proposal will result in the 
clearing of vegetation leading to loss of bio-sequestration 
capacity.  Degradation of the removed vegetation leads to 
stored carbon being released to the atmosphere mainly as CO2 
and methane.  These Scope 1 emissions have been estimated 
for the Proposal.  Emissions associated with fuel consumption 
by mobile equipment used for land clearing are also Scope 1.  
These have not been accounted for in this assessment as they 
are likely to be insignificant due to the small size of the land 
parcel, the density of the vegetation and clearing being a one-
off occurrence. 
 
The potential GHG emissions from the clearing of vegetation 
and loss of bio-sequestration capacity for the Proposal would 
be 173 t CO2-e.(Appendix L). 
 
Scope 2 Emissions 
Indirect Scope 2 emissions associated with the Proposal will be 
generated from electricity consumed at the resort, which will 
be supplied by Horizon Power from its gas-fired (9 MW) power 
station in Exmouth.  

Based on a consumption (Q) of 1,687,500 kWh and emission 
factor (EF) or 0.54, the annual Scope 2 emissions (Y) associated 
with the Proposal are estimated to be 911 tCO2-e. 

The estimated total Scope 1 and Scope 2 emission associated 
with the Proposal of 1,084 tCO2-e is well below the 
100,000 tCO2-e per year threshold defined by the EPA for 

Electricity is proposed to be supplied by the existing distribution 
network, supplied by the main generation at Exmouth town site. 
Reticulated gas will be utilized for water heating. 
Proposed power consumption at the site has been reduced 
through best practice design and continuous improvement. The 
development includes a number of renewable initiatives 
(photovoltaics including solar lighting) that will offset a large 
portion of the electrical load. 
 
The principle of developing the power generation strategy for 
the development has followed three steps, to ensure that energy 
efficient buildings are optimised and the systems that supply the 
buildings are efficient: 

• Optimise the passive strategies to encourage natural 
ventilation and daylighting throughout; 

• Develop energy efficient systems; and 

• Assess the renewable energy options. 
 

In the longer term, the overall power generation strategy will 
include a contribution from solar and future integration of 
battery and fuel cell technology. 
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Environmental 
Factor 

EPA Objective Relevant Surveys 
and Investigations  

Potential Impacts Management of Impacts 

detailed assessment and requirement for a GHG Management 
Plan (EPA 2020).  Despite the low GHG emission footprint, the 
Proposal will implement a number of renewable initiatives to 
reduce emissions. 

Furthermore, the contribution of the Proposal to the total GHG 
emissions for Western Australia of 91.4 M tCO2-e 
(Commonwealth of Australia 2020) is negligible and will not 
impede the Stage GHG Policy aspiration of net zero emissions 
by 2050. 

Based on the above, no significant impacts associated with GHG 
emissions are anticipated. Consequently, it is considered that 
the EPA's objective for Greenhouse Gas Emissions will be met. 

Landforms To maintain the 
variety and 
integrity of 
significant 
physical 
landforms so that 
environmental 
values are 
protected. 

Visual Impact 
Assessment  
(Kerry Hill & 
McGregor Coxall 
2020)  
Appendix M 

The interconnected ocean and arid coast form of the Ningaloo 
Coast forms an aesthetically striking landscapes and seascape, 
which is one of the values of its World Heritage listing. 
 
The Cape Range National Park lies adjacent to the northern 
part of the Ningaloo Marine Park. Jurabi Coastal Park lies on 
the western side of the Cape Range, and west of Yardie Creek 
road extending from the northern boundary of the National 
Park north past Vlamingh Head to the Commonwealth land on 
North West Cape. The conservation areas are managed for 
wildlife and landscape conservation, scientific study and 
preservation of archaeological, historic or scientific interest. 
The proposed development area lies at the base of Vlamingh 
Head (an existing tourist destination itself) and  involves the  
redevelopment  of  an existing tourist facility. The key potential 
impacts, is the disruption of the scenic quality of Vlamingh Head. 

The development has been designed to minimise visual impact on, 
and preserve the scenic quality of, the visual landscape character 
of Vlamingh Head, including measures such as: 

• Minimal alteration to natural topography of the site. Existing 
landforms have been utilised so that development is contained 
to areas that are naturally concealed  from more distant views. 

• Positioning accommodation buildings in the hillside contours on 
stilts and locating access ways and nature trails to consider 
overland water flow, which reduced total cut volumes and 
minimises impact on existing landforms. 

• Restricted building heights. New buildings have been kept to a 
maximum of two storeys with the majority of buildings being 
single storey. 

• Use of building materials designed to visually integrate minor 
structures into the landscape. 

• Where new buildings have been proposed, tree planting has 
been included in the areas adjacent new buildings to minimise 
visual impact. 

• Service and infrastructure buildings have been consolidated 
and set within a natural 'hollow' in the landscape. 

Terrestrial 
Environmental 
Quality 

To protect 
terrestrial fauna 
so that biological 
diversity and 

Flora and 
Vegetation 

Generally, the soils within the proposed development area 
are sandy limestone soils of the Cape Range with some red 
Pindan sands. A preliminary geotechnical  investigation 
indicated shallow soils with underlying rocky and visible 

The Proposal is designed to utilise existing disturbed area where 
possible, with clearing limited to distinct mapped areas (Figure 
2.2). 
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Environmental 
Factor 

EPA Objective Relevant Surveys 
and Investigations  

Potential Impacts Management of Impacts 

ecological 
integrity are 
maintained. 

Survey, Detailed 
Survey, 2018 
(Ecoscape 2018) 
 
  
 

rocky outcrops, with the following geological units along the 
seaward portion of the site: 

• Bundera Calcarenite (Tantabiddi Member, Qbt): 
Including calcarenite and calcirudite,coralgal reef 
deposits, shallow marine and minor eolian. 

• Vlamming Sandstone (Tv): Including well sorted, medium 
grained crossbedded quartzose calcarenite and calcrete 
soils and eolian. 

• Longitudinal and network dunes and residual sand plains 
(Qe): Including reddish brown to yellowish quartz sand. 

A review of the Australian Soil Resources Inquiry System 
database indicated that there are no mapped risks (‘extremely 
low probability’) of ASS within the Proposal site.  
 
Potential impacts to soils within the development include: 

• Soil and water erosion as a result of clearing of native 
vegetation and construction activities. 

Erosion and damage to dune and foreshore vegetation from 
visitor access. 

Revegetation of disturbed areas is planned to be undertaken 
using native species, aiming to reinstate the natural character 
and restore the Hummock grasslands with sparse trees, that 
previously thrived throughout the site. 
 
Stormwater will be drained to and disposed by means of swales, 
both roadside and natural through the site. 
 
Visitor access through dunes is proposed to be managed by 
designing the foreshore access track as a formal pathway to 
discourage access through the coastal dunes. 
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7. Offsets 

The Western Australian Government’s Environmental Offsets Policy (GoWA 2011) seeks to protect 
and conserve environmental and biodiversity values for present and future generations. This policy 
ensures that economic and social development may occur while supporting long term environmental 
and conservation values. 

The WA Environmental Offset Guidelines (Offset Guidelines) (GoWA 2104) complement the WA 
Environmental Offsets Policy 2011 (offsets policy) by clarifying the determination and application of 
environmental offsets in Western Australia. 

Environmental offsets as defined by the Offset Guidelines are actions that provide environmental 
benefits which counterbalance the significant residual environmental impacts or risks of a project or 
activity. Unlike mitigation actions which occur on-site as part of the project and reduce the direct 
impact of that project, offsets are undertaken outside of the project area and counterbalance 
significant residual impacts. 

Environmental offsets will only be applied where the residual impacts of a Proposal are determined 
to be significant, after avoidance, minimisation and rehabilitation have been pursued.  

To ensure consistency and transparency of whether offsets should be applied to a Proposal, the 
significance of residual impacts has been determined through the application of the residual impact 
significance model provided in the Offsets Guideline. This model outlines how significance is 
determined and when an offset is likely to be required, or may be required, in relation to relevant EPA 
environmental factors and the relevant clearing principles in Schedule 5 of the EP Act (Government of 
WA, 2014).  

In general, significant residual impacts include those that affect rare and endangered plants and 
animals (such as declared rare flora and threatened species that are protected by statute), areas 
within the formal conservation reserve system, important environmental systems and species that are 
protected under international agreements (such as Ramsar listed wetlands) and areas that are already 
defined as being critically impacted in a cumulative context. Impacts may also be significant if, for 
example, they could cause plants or animals to become rare or endangered, or they affect vegetation 
which provides important ecological functions (GoWA 2014). 

The mitigation hierarchy of ‘avoid, minimise, rehabilitate and offset’ has been considered in the 
assessment of this Proposal. This assessment has determined that this Proposal will not have 
significant residual impacts and as such, no offsets are proposed. 
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8. Matters of National Environmental Significance  

The Commonwealth EPBC Act provides a legal framework for the protection of Matters of National 
Environmental Significance (MNES).  The EPBC Act requires that all actions that will or may have a 
significant impact on a MNES must be referred to the Commonwealth Minister for the Environment 
via the DAWE. Protected matters under the EPBC Act include: 

• World heritage properties; 

• National heritage places (including Commonwealth Heritage Places); 

• Wetlands of international importance; 

• Listed threatened species and ecological communities; 

• Migratory species protected under international agreements; 

• Commonwealth marine areas; 

• A water resource, in relation to coal seam gas activities and large coal mining activities; 

• The Great Barrier Reef Marine Park; and 

• Nuclear Actions including uranium mining. 

In addition, protected matters include the environment where actions proposed will affect 
Commonwealth land or proposed actions are being undertaken by a Commonwealth agency. 

8.1 EPBC Referral 2020/8693 

The Proposal was referred to DAWE on 16 July 2020 (EPBC Ref: 2020/8693) to determine whether or 
not it constitutes a Controlled Action with respect to potential impacts on the following MNES: 

• Listed threatened species and ecological communities. 

The referral indicated that the Proposed Action is not likely to have a significance impact on MNES. 

The referral was validated by DAWE on 3 August 2020 and a letter of request for additional 
information has been issued, dated 27 August 2020.  A copy of the referral summary, and 
correspondence with DAWE is provided in Appendix K. 

A meeting was held with the Proponent, DAWE, Pennington Scott and Strategen-JBSG representatives 
on 10 November 2020 to clarify additional information required. Specific matters of interest to DAWE 
included: 

• Definition of Proposal required to be varied to include the new borefield and all aspects of 
supporting infrastructure.  

• Potential impacts on stygofauna – noting that the results of the Pennington Scott hydrogeological 
studies were pending. 

• Lighting impacts on marine turtles, noting awareness of anecdotal evidence of disoriented 
hatchlings associated with the existing Caravan Park. 

• Lighting Management Plan (ARUP) not sufficient to address lighting impacts on turtles. 

• Potential impact to World Heritage listing values associated with marine turtles and stygofauna in 
particular. 

DAWE representatives indicated that based on the information available to date, the Proposal is likely 
to be considered a Controlled Action.  
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Further to this meeting, and the pre-referral meeting with EPA Services with respect to the EP Act, the 
proponent has commissioned a number of studies to inform the Proposal Variation required to be 
submitted to DAWE for assessment under the EPBC Act, as well as referral under section 38 of the EP 
Act.   With respect to MNES that may be impacted, additional studies included subterranean fauna 
desktop assessment and field survey (Section 5.3.3.1, Appendix D), marine turtle assessment and 
revised ALAMP (Section 5.4.3.1, Appendix I). 

8.2 Controlling Provisions under the EPBC Act 

As a result of this assessment the following MNES identified as being potentially impacted by the 
Proposal  have been revised, such that the controlling provisions relevant to this proposal are: 

• World Heritage Properties – Ningaloo Coast 

• National Heritage Places - Ningaloo Coast  

• Listed Threatened species and ecological communities: 

o Loggerhead turtle (Caretta caretta), Endangered (EPBC Act, BC Act) 

o Green turtle (Chelonia mydas), Vulnerable (EPBC Act, BC Act) 

o Hawksbill turtle (Eretmochelys imbricata), Vulnerable (EPBC Act, BC Act) 

8.3 Accredited Assessment 

The information from this EIA will inform the Proposal Variation to be submitted to DAWE. The 
Proponent will be seeking assessment of this Proposal via an accredited assessment under the bilateral 
agreement.  

8.4 Summary of Existing Values Relating to MNES 

Information relevant to the MNES is contained within various sections of this referral as shown in 
Table 8.1. 

Table 8.1:Summary of Existing Values Relating to MNES 

MNES Summary of Values EPA Factor 
Section of 
Referral 

World Heritage Properties – 
Ningaloo Coast 
 

The Proposal lies immediately adjacent to the terrestrial 
boundary of the coastal area of the Ningaloo Coast World 
Heritage Area. The Ningaloo Coast was inscribed on the 
World Heritage list in June 2011, meeting criteria for 
Outstanding Universal Value. The boundary encompasses 
what the World Heritage Committee considered to be the 
Ningaloo Coast's key marine and terrestrial values of 
outstanding universal value and excludes all areas under 
pastoral lease. The adopted boundary includes the 
Ningaloo Marine Park (Commonwealth Waters), Ningaloo 
Marine Park (State Waters), Muiron Islands Marine 
Management Area (including the Muiron Islands), Jurabi 
Coastal Park, Bundegi Coastal Park, Cape Range National 
Park and Learmonth Air Weapons Range. 
 
Ningaloo is recognised for its diverse and abundant marine 
life, its unique cave fauna and the contrast between the 
rugged landscapes of the Cape Range and the serene 
seascapes of the Ningaloo Coast (UNESCO 2019). 

The main terrestrial feature of the Ningaloo Coast is the 
extensive karst system and network of underground caves 
and water courses of the Cape Range. The karst system 
includes hundreds of separate features such as caves, 
dolines and subterranean water bodies and supports a rich 

Subterranean 
Fauna 
 
Inland Waters 
 
Marine Turtles 

5.3 
 
 
5.5 
 
5.4 

https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
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MNES Summary of Values EPA Factor 
Section of 
Referral 

diversity of highly specialized subterranean species. Above 
ground, the Cape Range Peninsula belongs to an arid 
ecoregion recognized for its high levels of species richness 
and endemism, particularly for birds and reptiles (DAWE 
2021). 

National Heritage Places - 
Ningaloo Coast  
 

The Ningaloo Coast National Heritage Place covers 
approximately 710,000 ha, comprising Ningaloo Marine 
Park, Muiron Islands Marine Management Area (including 
the Muiron Islands), Jurabi Coastal Park, Bundegi Coastal 
Park, Cape Range National Park, Learmonth Air Weapons 
Range and portions of Exmouth, Ningaloo, Cardabia, 
Warroora, Gnaraloo, and Quobba Pastoral Leases. 
 
The Proposal is located within the boundary of the 
Ningaloo Coast National Heritage site.  Relevant National 
Heritage Values specific to the Proposed Action include: 

Social 
Surroundings 

5.6 
 

- Natural Values: 
 

The Exmouth Peninsula subterranean estuary and 
associated subterranean fauna 

Subterranean 
Fauna 
 
Inland Waters 

5.3 
 
 
5.5 
 

Rangeland communities of Exmouth Peninsula Flora and 
Vegetation 
 
Terrestrial Fauna 

5.1.3.1 
 
 
5.2.3.1 

- Indigenous Values Archaelogical deposits within Cape Range Social Surrounds - 
Aboriginal 
Heritage 

5.6.3 

Consultation with Indigenous stakeholders on a proposed 
action likely to significantly impact on the listed Indigenous 
values of the place and/or on a protected matter that has 
Indigenous heritage values 

Listed Threatened species 
and ecological communities 
–  Marine turtles 
 

The Proposed Action area lies adjacent to marine turtle 
nesting beaches of the World Heritage Ningaloo Coast, 
including the listed Threatened species: 

• Loggerhead turtle (Caretta caretta), Endangered 
(EPBC Act, BC Act) 

• Green turtle (Chelonia mydas), Vulnerable (EPBC Act, 
BC Act) 

• Hawksbill turtle (Eretmochelys imbricata), Vulnerable 
(EPBC Act, BC Act) 

Marine Fauna 5.4  

8.5 Assessment of Potential Impacts on MNES 

The potential impacts of the proposed action were considered with reference to the following 
National policy documents: 

• Matters of National Environmental Significance: Significant Impact Guidelines 1.1 (Significant 
Impact Guidelines) (DoE 2013). 

• Environmental Assessment Guideline for Protecting Marine Turtles from Light Impacts (EPA 2010). 

• National Light Pollution Guidelines for Wildlife Including Marine Turtles, Seabirds and Migratory 
Shorebirds, Commonwealth of Australia 2020. 

• Recovery Plan for Marine Turtles in Australia, Commonwealth of Australia 2017. 

https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
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8.5.1 World Heritage Properties with National Heritage Values  

The Ningaloo Coast World Heritage Area and National Heritage Place cover the same geographical 
area. The Proposal lies within terrestrial boundary of the coastal area of the Ningaloo Coast World 
Heritage Area and within the mapped boundary of the National Heritage Place.  

Ningaloo Coast World Heritage Area 

The Ningaloo Coast was inscribed on the World Heritage list in June 2011, meeting criteria for 
Outstanding Universal Value. The boundary encompasses what the World Heritage Committee 
considered to be the Ningaloo Coast's key marine and terrestrial values of outstanding universal value 
and excludes all areas under pastoral lease.  

The interconnected ocean and arid coast form aesthetically striking landscapes and seascapes. The 
coastal waters host a major near shore reef system and a directly adjacent limestone karst system and 
associated habitats and species along an arid coastline. The property holds a high level of terrestrial 
species endemism and high marine species diversity and abundance.  

 The most dominant marine habitat is the Ningaloo reef, which sustains both tropical and temperate 
marine fauna and flora, including marine reptiles and mammals, including an unusual diversity of 
marine turtle species with an estimated 10,000 nests deposited along the coast annually. 

The main terrestrial feature of the Ningaloo Coast is the extensive karst system and network of 
underground caves and water courses of the Cape Range. The karst system includes hundreds of 
separate features such as caves, dolines and subterranean water bodies and supports a rich diversity 
of highly specialized subterranean species. Above ground, the Cape Range Peninsula belongs to an 
arid ecoregion recognized for its high levels of species richness and endemism, particularly for birds 
and reptiles (DAWE 2021). 

The third IUCN World Heritage Conservation Outlook  for the Ningaloo Coast in 2020, has downgraded 
the rating from ‘Good’ to ‘Good with some concerns’ (IUCN 2021). The analysis identifies climate 
change as the leading reason for this reclassification and highlights a number of other major threats 
to Ningaloo including those posed by oil and gas and coastal development, as well as fishing effort. 

Increasing visitation, recreational use and associated pressures on marine, coastal and terrestrial 
habitats within and adjacent to the site continue as major threats. Unmanaged visitor access, visitor 
recreation activities and introduced plants and animals continue to remain major threats to the World 
Heritage property.  

Ningaloo Coast National Heritage Listing 

In addition to its World Heritage listing Section 2.6.5), the Ningaloo Coast is considered to have 
outstanding heritage value to the nation and has been included in the Australian National Heritage 
List (DAWE 2021).   Due to its extraordinary natural qualities and Indigenous significance, the Ningaloo 
Coast is considered to  meet the following criteria (CoA 2010) for a place having outstanding heritage 
value to the nation because of the place’s: 

• (a) importance in the course, or pattern, of Australia's natural or cultural history. 

• (b) possession of uncommon, rare or endangered aspects of Australia's natural or cultural history 

• (c) potential to yield information that will contribute to an understanding of Australia's natural or 
cultural history 

• (d) importance in demonstrating the principal characteristics of: (i) a class of Australia's natural or 
cultural places; or (ii) a class of Australia's natural or cultural environments; and  

• (f) importance in demonstrating a high degree of creative or technical achievement at a particular 
period. 
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In the context of this Proposal, the Natural Values include (CoA 2010): 

• The Biogeographical environment being “a story of Australia during the Neogene period 
(beginning about 25 million years ago) is a story of increasing post-Gondwanan isolation and the 
expansion of aridity. The subterranean faunas and rangeland communities of Exmouth Peninsula 
exemplify both these evolutionary drivers and accentuate the intimate ties between ecology and 
geological history more vividly than any other place in Australia.” 

• The Exmouth Peninsula subterranean estuary which “has outstanding heritage value to the nation 
for supporting the most diverse and the richest anchialine and groundwater fauna in Australia, 
among the richest in the world. These ecosystems and the troglobites and stygofauna they 
support have the potential to yield information about biogeography, evolution and changing 
climates in Australia over hundreds of millions of years, from the late Palaeozoic to the present.” 

The Indigenous Values (CoA 2010) include consideration of the archaeological deposits in the rock 
shelters on Cape Range which “show Aboriginal peoples' sophisticated knowledge of marine resources 
between 35,000 and 17,000 years ago. Shell beads discovered at Cape Range have been dated to more 
than 32,000 years old, which is the earliest evidence known in Australia for the manufacture of 
personal ornaments.” The rock shelters of Exmouth peninsula provide the best evidence in Australia 
for the use of marine resources during the Pleistocene including their uses as food and for personal 
adornment. 

Whilst the Proposal will not impact on rock shelters, it is possible that archaeological deposits have 
been washed down from the Cape Range over time and may be discovered at the base of the range, 
as is considered may be the case for the newly identified Aboriginal heritage site near the Proposal’s 
new borefield access track (Section 5.6.6). 

The Indigenous values of the Ningaloo Coast National Heritage Place are not definitively mapped. 
Indigenous people are the primary source of information on the value of their heritage and should be 
consulted on a proposed action likely to significantly impact on the listed Indigenous heritage values 
of the place and/or on a protected matter that has Indigenous heritage values (like listed threatened 
species). 

An action is likely to have a significant impact on the World Heritage values of a declared World 
Heritage property if there is a real chance or possibility that it will cause:  

• one or more of the World Heritage values to be lost;  

• one or more of the World Heritage values to be  degraded or damaged; or  

• one or more of the World Heritage values to be notably altered, modified, obscured or diminished. 

The results of an assessment completed with reference to the EPBC significance criteria for both 
listings is presented in Table 8.2 and Table 8.3. 

This assessment takes into consideration the UNESCO World Heritage listing criteira for Ningaloo 
Coast and the EPBC Act gazetted Criteria and Values for the National  Heritage Listing. 
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Table 8.2: Significant impact criteria for Ningaloo Coast World Heritage and National Heritage Listed Place 

World Heritage Criterion Potential impacts Assessment of Impacts 

(vii) The landscapes and seascapes of the property are 
comprised of mostly intact and large-scale marine, 
coastal and terrestrial environments. 

Clearing of native vegetation The Proposed Action requires the clearing of 3.98 ha of native 
vegetation, within an existing tourist facility in an area zoned for 
zoned for tourist development under the Shire of Exmouth’s Local 
Planning Scheme.   

No TECs or EPBC Act-listed Threatened Flora have been recorded in the 
Proposal area. 

The vegetation to be cleared represents a loss of  

• 3.28 ha of Dune swale habitat. Coastal dune habitats are 
widespread along the coastline, and not restricted in extent.  This 
habitat type is represented in nearby Conservation estate. 

• 0.70 ha of Rocky hills and slope habitat. The limestone Cape Range 
provides the most prominent habitat types within the survey area, 
and is also represented in the Cape Range National Park. 

• The loss of 0.002 ha of Sheltered Gullies and Minor Caves habitat 
associated with an existing walking track. This habitat type is well 
represented within the Cape Range National Park and surrounding 
areas of Cape Range. 

The minor extent of vegetation and habitat loss within an existing 
developed site, is not considered significant with respect to the World 
Heritage values of the adjacent landscape.  

(x) On the ecotone, between tropical and temperate 
waters, the Ningaloo Coast hosts an unusual diversity of 
marine turtle species with an estimated 10,000 nests 
deposited along the coast annually. 

Indirect impact of lighting from the 
Proposal on turtle nesting and hatchling 
behaviour on the adjacent beach. 
 
Indirect impact of tourists from the resort 
interacting with marine turtles at the 
adjacent nesting beach.  

There is a pathway for light pollution from the Proposal  to decrease 
the quality of nesting habitat. If uncontrolled, night-time lighting could 
lead to disorientation of hatchling turtles on the beach which could 
result in consistent annual mortality and, in the long-term, a potential 
decrease in the overall size of the population. 
 
However, lighting design for the project will be based around Best 
Practice Lighting Principles which will reduce the light emissions to as 
low as reasonably practicable. The Proponent’s Artificial Light 
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World Heritage Criterion Potential impacts Assessment of Impacts 

Assessment and Artificial Light Management Plan (ALAMP) contains 
control measures within which aim to ensure no direct light is detected 
at nesting beaches and skyglow will be minimised.  
 
Annual monitoring of turtle nesting and hatchling behaviour will be 
undertaken and should changes be detected before and after 
construction, and throughout operation, adaptive management will 
identify and rectify changes to nesting habitat so that the marine turtle 
populations are not impacted. 
 
Similarly, with the implementation of the proposed control measures, 
the impact of light pollution on nesting and hatchling emergence 
behaviour is unlikely to significantly affect the marine turtle 
populations in the long term. Furthermore, the implementation of 
monitoring and adaptive management will prevent long term impacts 
on nesting and hatchling emergence behaviour. Accordingly, the 
project is not expected to interfere with the recovery of the genetic 
stocks and will not therefore diminish the World Heritage values 
associated with marine turtles. 
 
The implementation of the Project will result in an improved outcome 
with respect to access to the beach in front of the resort, assisting in 
limiting uncontrolled access and controlling night lighting of the access, 
through dunes and onto the nesting beach. There is also the 
opportunity to assist in education of visitors to the Resort regarding the 
conservation values of both the immediate and broader surrounding.  

(x) The majority of subterranean species on land, 
including aquatic species in the flooded caves are rare, 
taxonomically diverse and not found elsewhere in the 
southern hemisphere. The combination of relict 
rainforest fauna and small fully aquatic invertebrates 
within the same cave system is exceptional. The 
subterranean fauna of the peninsula is highly diverse 
and has the highest cave fauna (troglomorphic) diversity 
in Australia and one of the highest in the world. 

Abstraction of groundwater and 
irrigation of treated wastewater may 
impact on the groundwater habitat 
values for subterranean fauna.  

In contrast to the rich stygofauna community found more generally on 
the peninsula, the proposed borefield appears to contain a 
depauperate stygofauna despite quite intensive sampling. It contains 
probably four species of stygofauna compared with 77 now known 
from the peninsula, although there was greater taxonomic effort 
applied to the borefield survey than across most surveyed parts of the 
peninsula. The other 11 species collected during the survey were in 
areas outside the borefield.  
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World Heritage Criterion Potential impacts Assessment of Impacts 

Thirty species were collected in a similar-sized survey at Exmouth with 
similar taxonomic effort to that of the borefield survey. The crustaceans 
species that characterise the stygofauna of the peninsula and support 
most taxonomic interest are largely absent from the borefield. 
 
The low number of stygofauna species in the borefield is probably the 
result of the watertable in the borefield being deep (30-50 mbgl) and 
the borefield aquifer being in Tulki limestone that consists mostly of 
weakly cemented sand, rather than containing caverns (Bennelongia 
2020).  
 
The proposed groundwater abstraction will result in a potential 
reduction of stygofauna habitat in the order of 0.5% as a result of 
drawdown. Salinity impacts are likely to be seasonal and limited to 
existing salinity ranges in which stygofauna in the vicinity of the 
Proposal are known to occur.  
 
The Proposal will result in irrigation of treated wastewater with a 
concentration of nitrogen as nitrate concentration of <6 mg/L.  The 
Nitrogen will pass through to the water table except to the extent it is 
taken up by plant roots, resulting in a discharge to the groundwater 
substantially lower than around the old Exmouth WWTP.  A survey of 
stygofauna occurrence in relation to nutrient levels at the old Exmouth 
WWTP suggested that nitrogen concentrations had little effect, if any, 
on stygofauna at concentrations of 15 mg/L. 
 
The listed stygofauna species that may occur in the borefield all have 
wide ranges on the peninsula, and it is unlikely that any species would 
have a range restricted to the vicinity of the borefield.  
 
Overall the effect of groundwater abstraction and treated wastewater 
irrigation on subterranean fauna conservation values is considered to 
be low with no predicted significant residual impact.  



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 173 

World Heritage Criterion Potential impacts Assessment of Impacts 

(x) Above ground, the diversity of reptiles and vascular 
plants in the drylands is likewise noteworthy. 

Clearing of native vegetation may impact 
on vascular plants and habitat for 
reptiles.  

The Proposed Action requires the clearing of 3.98 ha of native 
vegetation, within an existing tourist facility in an area zoned for 
zoned for tourist development under the Shire of Exmouth’s Local 
Planning Scheme.   

No TECs or EPBC Act-listed Threatened Flora have been recorded in the 
Proposal area.  

The vegetation to be cleared represents a loss of  

• 3.28 ha of Dune swale habitat. Coastal dune habitats are 
widespread along the coastline, and not restricted in extent.  This 
habitat type is represented in nearby Conservation estate. 

• 0.70 ha of Rocky hills and slope habitat. The limestone Cape Range 
provides the most prominent habitat types within the survey area, 
and is also represented in the Cape Range National Park. 

• The loss of 0.002 ha of Sheltered Gullies and Minor Caves habitat 
associated with an existing walking track. This habitat type is well 
represented within the Cape Range National Park and surrounding 
areas of Cape Range. 

 
No threatened fauna are known to occur within or close to the 
Proposal area and none were identified during the field survey. 
 
Twelve reptiles were recorded during the field survey, only one of 
which was of State conservation significance; Lerista allochira (Cape 
Range Slider, P3).  This species is known only from the North West Cape 
peninsula, inhabiting a known range of approximately 70 km north-
south and 20 km east-west.  All habitat types provided suitable areas 
for various reptile species. 

The minor extent of vegetation and habitat loss within an existing 
developed site, is considered of minor extent and is unlikely to result in 
changes to the World Heritage values of the adjacent landscape.  
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Table 8.3: Significant Impact Criteria National Heritage Place 

National Heritage Criterion  National Heritage Values Potential Impacts to Values Predicted Outcome 

(a) the place has outstanding 
heritage value to the nation 
because of the place's importance 
in the course, or pattern, of 
Australia's natural or cultural 
history. 
 
(c)  the place has outstanding 
heritage value to the nation 
because of the place's potential to 
yield information that will 
contribute to an understanding of 
Australia's natural or cultural 
history. 
 
(d) the place has outstanding 
heritage value to the nation 
because of the place's importance 
in demonstrating the principal 
characteristics of:  
(i) a class of Australia's natural or 
cultural places; or  
(ii) a class of Australia's natural or 
cultural environments. 

Natural Values 
The Exmouth Peninsula subterranean 
estuary and associated subterranean 
fauna (stygofauna and troglofaunal)  
 
The integration of the Ningaloo Reef 
and Exmouth Peninsula karst system 
as a cohesive limestone structure is at 
the heart of the natural heritage 
significance of the Ningaloo Coast.  

Groundwater abstraction 
resulting in lowered 
groundwater table, including 
potential impacts to 
subterranean fauna habitat. 
 
Increased salinity of 
groundwater as a result of 
abstraction. 
 
Reduced groundwater quality, as a 
result of infiltration of 
contaminants from treated 
wastewater irrigation and fuel 
storage and vehicle fuel station or 
contaminated stormwater runoff. 

In contrast to the rich stygofauna community found more 
generally on the peninsula, the proposed borefield appears 
to contain a depauperate stygofauna despite quite 
intensive sampling. It contains probably four species of 
stygofauna compared with 77 now known from the 
peninsula, although there was greater taxonomic effort 
applied to the borefield survey than across most surveyed 
parts of the peninsula. The other 11 species collected 
during the survey were in areas outside the borefield. 
  
Thirty species were collected in a similar-sized survey at 
Exmouth with similar taxonomic effort to that of the 
borefield survey. The crustaceans species that characterise 
the stygofauna of the peninsula and support most 
taxonomic interest are largely absent from the borefield. 
 
The low number of stygofauna species in the borefield is 
probably the result of the watertable in the borefield being 
deep (30-50 mbgl) and the borefield aquifer being in Tulki 
limestone that consists mostly of weakly cemented sand, 
rather than containing caverns (Bennelongia 2020) 
.  
The proposed groundwater abstraction will result in a 
potential reduction of stygofauna habitat in the order of 
0.5% as a result of drawdown. Salinity impacts are likely to 
be seasonal and limited to existing salinity ranges in which 
stygofauna in the vicinity of the Proposal are known to 
occur.  
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National Heritage Criterion  National Heritage Values Potential Impacts to Values Predicted Outcome 

Chemical and fuels to be stored in accordance with 
appropriate Australian Standards and refuelling activities 
will be undertaken on hardstand areas, where 
contaminated runoff is collected for subsequent treatment 
and disposal.  
 
The Proposal will result in irrigation of treated wastewater 
with a concentration of nitrogen as nitrate concentration of 
<6 mg/L.  The Nitrogen will pass through to the water table 
except to the extent it is taken up by plant roots, resulting 
in a discharge to the groundwater substantially lower than 
around the old Exmouth WWTP.  A survey of stygofauna 
occurrence in relation to nutrient levels at the old Exmouth 
WWTP suggested that nitrogen concentrations had little 
effect, if any, on stygofauna at concentrations of 15 mg/L. 
 
The listed stygofauna species that may occur in the 
borefield all have wide ranges on the peninsula, and it is 
unlikely that any species would have a range restricted to 
the vicinity of the borefield.  
 
Overall the effect of groundwater abstraction and treated 
wastewater irrigation on subterranean fauna conservation 
values is considered to be low with no predicted significant 
residual impact.  

(a) the place has outstanding 
heritage value to the nation 
because of the place's importance 
in the course, or pattern, of 
Australia's natural or cultural 
history. 
 

Natural Values 
Rangeland communities of Exmouth 
Peninsula 

Clearing of up to 3.98 ha of native 
vegetation and associated 
terrestrial faunal habitat. 
 
Direct loss of fauna or SRE 
individuals through impacts 
resulting from ground disturbance 

The Proposed Action requires the clearing of 3.98 ha of 
native vegetation, within an existing tourist facility in an 
area zoned for zoned for tourist development under the 
Shire of Exmouth’s Local Planning Scheme.   
 
No TECs or EPBC Act-listed Threatened Flora have been 
recorded in the Proposal area. 
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National Heritage Criterion  National Heritage Values Potential Impacts to Values Predicted Outcome 

and machinery or vehicle 
movements. 
 
Indirect impacts to adjacent native 
vegetation, resulting in habitat 
loss, degradation and 
fragmentation, as a result of the 
spread of invasive species (weeds). 
 
Invasive species predation on, and 
competition with, native species 
and destruction of habitat. 
 
Increasing and unmanaged 
visitation and associated pressures 
coastal and terrestrial habitats. 

The vegetation to be cleared represents a loss of  
3.28 ha of Dune swale habitat. Coastal dune habitats are 
widespread along the coastline, and not restricted in 
extent.  This habitat type is represented in nearby 
Conservation estate. 
 
0.70 ha of Rocky hills and slope habitat. The limestone Cape 
Range provides the most prominent habitat types within 
the survey area, and is also represented in the Cape Range 
National Park. 
 
The loss of 0.002 ha of Sheltered Gullies and Minor Caves 
habitat associated with an existing walking track. This 
habitat type is well represented within the Cape Range 
National Park and surrounding areas of Cape Range. 
 
The minor extent of vegetation and habitat loss within an 
existing developed site, is not considered significant with 
respect to the World Heritage values of the adjacent 
landscape.  
Active pest and weed management will be undertaken with 
the Proposed Action area. 
Visitor access through dunes adjacent to the Proposal to be 
managed by designing the foreshore access track as a 
formal pathway to discourage access through the coastal 
dunes. 
 
Revegetation of cleared and degraded areas will occur 
through  landscaping around the development, utilising 
native grassland and shrub mixes and sparse trees, to mimic 
the surrounding hummock grassland and dune vegetation 
found currently surrounding the site 
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National Heritage Criterion  National Heritage Values Potential Impacts to Values Predicted Outcome 

The extent of disturbance tot native vegetation is minor and 
is not anticipated to result in signifnacent impacts to the 
Natural heritage values  of the National Heritage listing of 
Ningaloo Coast.  

(b) the place has outstanding 
heritage value to the nation 
because of the place's possession 
of uncommon, rare or endangered 
aspects of Australia's natural or 
cultural history 

Natural Values 
This criterion specifically relates to 
the Bundera Sinkhole and the 
associated karst system that 
contributes to the understanding of 
Australia’s natural history.   
 
 

There is potential for groundwater 
abstraction to impact on values of 
the underlying karst systems. 
 

The wider Exmouth Peninsula supports a stygofauna-based 
Threatened Ecological Community (i.e. the Cape Range 
Remipede Community at Bundera Sinkhole on the west 
coast) and the nationally important subterranean aquifer 
system Cape Range Subterranean Waterways (WA006) 
(Lane et al. 2001 in Bennelongia 2021).  However, the 
Proposal is not within close proximity of the Bundara 
Sinkole and is located approximately 4 to 5 km from the 
Cape Range Subterranean Waterways.   
 
Furthermore, the borefield aquifer is located within Tulki 
limestone that consists mostly of weakly cemented sand, 
rather than containing caverns (Bennelongia 2020). 
 
No impact to the values of the Bundera Sinkhole or the 
Cape Range Subterranean Waterways is anticipated as a 
result of the Proposed Action.   

(a) the place has outstanding 
heritage value to the nation 
because of the place's importance 
in the course, or pattern, of 
Australia's natural or cultural 
history. 
 
(c) the place has outstanding 
heritage value to the nation 
because of the place's potential to 
yield information that will 
contribute to an understanding of 

Indigenous Values 
Archaeological deposits within Cape 
Range 
 
Consultation with Indigenous 
stakeholders on a proposed action 
likely to significantly impact on the 
listed Indigenous heritage values of 
the place and/or on a protected 
matter that has Indigenous heritage 
values. 
 

Ground disturbance within the 
impact zone of Registered 
Aboriginal heritage site, Vlamingh 
Head (DPLH ID 10381- 
ceremonial). 
 
Increasing and unmanaged 
visitation impacting on Registered 
and newly identified Aboriginal 
heritage sites. 
 

The Proposal will result in ground disturbance within the 
impact zone of the Vlamingh Head Registered Heritage site, 
in accordance with the conditions of the AH Act (WA) s18 
consent (Reference: 69-21438). 
 
The Proposal has identified two previously unknown sites 
which will be afforded ongoing protection as a result of the 
implementation of the Proposal: 
Sensitive Dune Area; and  
Section 91 Water Bores Avoidance Area One.   
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National Heritage Criterion  National Heritage Values Potential Impacts to Values Predicted Outcome 

Australia's natural or cultural 
history 
 
(f) the place has outstanding 
heritage value to the nation 
because of the place's importance 
in demonstrating a high degree of 
creative or technical achievement 
at a particular period. 

The proposed disturbance is limited to an existing disturbed 
area within the Registered Aboriginal heritage site on Lot 2, 
and is not likely to be significant at either a local or regional 
scale.  
Void 
 
The Sensitive Dune Area site within Lot 557 will be avoided 
and will not be impacted by the Proposal. Tourists will be 
encouraged away from the landform with use of alternative 
pathways. 
 
The Section 91 Water Bores Avoidance Area One site will be 
avoided by deviation of the access track to the east, as 
shown in Figure 5.23. The old track will be blocked to 
prevent further vehicle access. As the new alignment of the 
borefield access track becomes the preferred track then the 
sand plain and vegetation should reclaim the area of the 
site that is within the track 
 
The Proposal’s Cultural Heritage Management Plan will be 
implemented that includes ongoing communication with 
Aboriginal stakeholders. 
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8.5.2 Listed Threatened Species and Ecological Communities – Marine Turtules 

An action is likely to have a significant impact on an endangered or vulnerable species if there is a real chance 
or possibility that it will: 

• Lead to a long-term decrease in the size of a population (endangered) or important population 
(vulnerable); 

• Reduce the area of occupancy of the species (endangered) or important population (vulnerable); 

• Fragment an existing population (endangered) or important population (vulnerable) into two or 
more populations; 

• Adversely affect habitat critical to the survival of a species; 

• Disrupt the breeding cycle of a population (endangered) or important population (vulnerable); 

• Modify, destroy, remove, isolate, or decrease the availability or quality of habitat to the extent 
that the species is likely to decline; 

• Result in invasive species that are harmful to an endangered or vulnerable species becoming 
established in the endangered or vulnerable species’ habitat; 

• Introduce disease that may cause the species to decline; or 

• Interfere (endangered) or substantially interfere (vulnerable) with the recovery of the species. 

As described in Section 5.4, of the seven species of marine turtles in the world, six occur in Australian 
waters and all of these occur in the waters of the Ningaloo Coast and all are Threatened species, 
protected under the Commonwealth EPBC Act. 

• Flatback turtle (Natator depressus), Vulnerable  

• Green turtle (Chelonia mydas), Vulnerable  

• Hawksbill turtle (Eretmochelys imbricata), Vulnerable  

• Leatherback turtle (Dermochelys coriacea), Endangered 

• Loggerhead turtle (Caretta caretta), Endangered  

• Olive Ridley turtle (Lepidochelys olivacea), Endangered  

There are only a few large nesting populations of the green, hawksbill and loggerhead turtles left in 
the world. Australia has some of the largest marine turtle nesting areas in the Indo-Pacific region and 
has the only nesting populations of the flatback turtle. 

Marine turtles are known to utilise onshore and offshore areas of habitat situated within 20 km of the 
Proposal. Of the turtles found in Western Australian waters, three nest on mainland beaches and 
islands of Ningaloo Reef over the summer months, from November to March (Ningalooturtles.org.au, 
2021): 

• Loggerhead turtle (Caretta caretta), Endangered  

• Green turtle (Chelonia mydas), Vulnerable  

• Hawksbill turtle (Eretmochelys imbricata), Vulnerable  

The Proposal is situated in the vicinity of known nesting habitat for marine turtles, being the portion 
of beach immediately adjacent to the Proposal.  

Further to the detailed impact assessment of the Proposal on marine turtles provided in Section 5.4, 
an assessment of significance of impacts is provided in Table. 

https://www.environment.gov.au/coasts/species/turtles/flatback.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
https://www.environment.gov.au/coasts/species/turtles/leatherback.html
https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/oliveridley.html
https://www.environment.gov.au/coasts/species/turtles/loggerhead.html
https://www.environment.gov.au/coasts/species/turtles/green.html
https://www.environment.gov.au/coasts/species/turtles/hawksbill.html
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Table 8.4: Significant Impact Criteria - Impact of Project Lighting on  Marine Turtles 
(Pendoley 2021b) 

Significant Impact Criteria Assessment of Significance 

Lead to a long-term decrease in the 
size of a population 

Of greatest risk is the potential impact of light pollution disrupting 
hatchling turtle behaviour on the beach. Control measures, including 
monitoring and adaptive management, will eliminate light spill and 
shield any light directly visible at the nesting habitat, and minimise 
additional skyglow, reducing potential impacts to hatchling turtles. 
Should any changes in hatchling behaviour on the local beaches be 
detected pre- and post-construction, and throughout operations, 
adaptive management will identify and rectify potential impacts to 
prevent long term declines. Accordingly, long-term decreases in the 
size of the population or genetic stock are not expected. 

Reduce the area of occupancy of the 
species 

Light spill on nesting habitat is not anticipated to occur due to the 
location of the project and the control measures in place to manage 
and monitor lights and minimise additional skyglow. Furthermore, 
monitoring and adaptive management will ensure that if changes in 
turtle nesting behaviour are detected, the cause will be rectified to 
prevent changes in area occupancy. Accordingly, the project is not 
expected to reduce the area of occupancy of marine turtle species. 

Fragment an existing population into 
two or more populations 

The genetic stocks for each turtle species identified in Table 8.5 occur 
over a large geographical area and comprise numerous nesting 
beaches. Fragmentation of nesting populations within each genetic 
stock are not considered likely to occur given the nature of the project 
lighting. 

Adversely affect habitat critical to the 
survival of a species 

Beaches and adjacent waters in the vicinity of the project are identified 
as habitat critical to the survival of the species for green and loggerhead 
turtles. Large areas of nesting habitat could be impacted by the direct 
visibility of light. However, control measures, including monitoring and 
adaptive management, will eliminate light spill and shield any light 
directly visible at nesting habitat, and minimise additional skyglow, 
reducing potential impacts to nesting turtles. Should any changes in 
hatchling behaviour be detected before and after construction, 
adaptive management will rectify any identified adverse effects. 
Therefore, the project is not expected to adversely affect habitat 
critical to the survival of marine turtles. 

Disrupt the breeding cycle of a 
population 

The direct visibility of light at the nesting habitat will be controlled so 
that no direct light will be detected at nesting beaches and skyglow will 
be minimised. Should any changes in turtle nesting and hatchling 
behaviour be detected before and after construction, and throughout 
operation, adaptive management will identify and rectify potential 
impacts, preventing disruption to the breeding cycle. Accordingly, 
disruption to the marine turtle breeding cycles is not expected. 

Modify, destroy, remove, isolate, or 
decrease the availability or quality of 
habitat to the extent that the species 
is likely to decline 

There is a pathway for light pollution to decrease the quality of nesting 
habitat. However, proposed control measures will aim to ensure no 
direct light is detected at nesting beaches and skyglow will be 
minimised. Should any changes in turtle nesting and hatchling 
behaviour be detected before and after construction, and throughout 
operation, adaptive management will identify and rectify changes to 
nesting habitat so that the marine turtle populations are not impacted. 

Result in invasive species that are 
harmful to a species becoming 
established in the endangered or 
vulnerable species’ habitat 

Light sources are not expected to result in introduction of invasive 
species. However, existing populations of invasive species may utilise 
artificial light to extend foraging conditions. Recently laid turtle nests 
would be most vulnerable to predation from invasive species such as 
feral pigs or foxes. However, the proposed control measures will aim to 
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Significant Impact Criteria Assessment of Significance 

ensure no direct light spill is detected at nesting beaches preventing 
any significant impact occurring because of invasive species.   

Introduce disease that may cause the 
species to decline 

Not applicable. 

Interfere with the recovery of the 
species 

The recovery status of the marine turtle species is shown in Table 8.5: 
Table 8.5 Conservation status and genetic stock of marine turtles 
found onshore within 20km of the Proposal 

 
With proposed control measures in place, the impact of light pollution 
on nesting and hatchling emergence behaviour is unlikely to 
significantly affect the marine turtle populations in the long term. 
Furthermore, the implementation of monitoring and adaptive 
management will prevent long term impacts on nesting and hatchling 
emergence behaviour. Accordingly, the project is not expected to 
interfere with the recovery of the genetic stocks. 

 

8.6 Potential Impacts and Mitigation Measures 

Reference should be made to the following Sections with respect to potential impacts and mitigation 
measures associated with MNES potentially impacted by the proposal.  

World Heritage and National Heritage Values 

• Section 5.1 Flora and Vegetation 

• Section 5.2 Terrestrial Fauan 

• Section 5.3 Subterranean Fauna 

• Section 5.4 Marine Fauna 

• Section 5.5 Inland Waters (Groundwater) 

• Section 5.6 Social Surroundings (Aborignial Heritage; Natural Heritage)   

Listed Threatened species and Ecological Communities – Marine Turtles  

• Section 5.4 Marine Fauna 
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9. Holistic Impact Assessment 

The EIA process needs to consider the connections and interactions between parts of the environment 
to inform a holistic view of impacts to the whole environment. This requires consideration of the 
impacts of the Proposal in a regional context as well as at the local scale.   
 
The Proponent intends to redevelop the aged existing Ningaloo Lighthouse Caravan Park, to provide 
a mix of accommodation options, including eco tents, villas, caravan park bays and hotel rooms; and 
redevelopment of ancillary service infrastructure, including staff accommodation, water treatment 
and storage, wastewater treatment and disposal; power and service station.  
 
The Proposal design reflects the Proponent’s commitment to undertaking the redevelopment in an 
environmentally responsible manner, with a focus on minimising environmental impacts and 
delivering a sustainable development outcome that appropriately balances environmental and 
economic priorities. Importantly the Proposal looks to retaining the low-key, low-impact nature 
tourism operations, providing an opportunity for improved management of visitor access to the 
surrounding area in consultation with relevant stakeholders such as the Department of  Biodiversity, 
Conservation and Attractions (DBCA). 
 
The key environmental factors identified as relevant to the Proposal are Flora and Vegetation, 
Terrestrial Fauna, Subterranean Fauna, Marine Fauna, Inland Water and Social Surroundings. An 
assessment of the impacts of the Proposal on these factors is provided in Section 5.  Air Quality, 
Coastal Processes, Greenhouse Gas Emissions, Landforms and Terrestrial Environmental Quality were 
also considered but are not key factors. These factors are considered in section 6.  
 

Table 9.1 outlines the activities of the Proposal that involve interactions between key 
environmental factors and the associated potential impacts.  

Table 9.2 provides the predicted outcomes of the Proposal in relation to the environmental  principles 
of the EP Act.
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Table 9.1: Interaction of Key Environmental Factors  

Proposed Activities 
Key Environmental Factors – Potential Impacts 

Flora and Vegetation Terrestrial Fauna Subterranean Fauna Marine Fauna Inland Water Social  Surroundings 

Clearing of native 
vegetation 

Loss of up to 3.98 ha of 
native vegetation 

Loss of 19 individuals of 1 
conservation significant 
species (0.16% of 
population) 

 

Loss of up to 3.98 ha 
of fauna habitat 

 

No direct or indirect 
impact 

Not applicable Potential for erosion and 
sedimentation in the event 
of rainfall after clearing 
and prior to construction. 

Clearing occurs within the impact zone 
of the Registered Aboriginal heritage 
site. 

Newly identified sites, will be avoided. 

Loss of 3.98 ha of native vegetation 
within the Ningaloo Coast National 
Heritage listed site. 

Construction 
activities 

Clearing of up to 3.98 ha of 
native vegetation as part of 
construction. 

Potential vehicular 
strike. 

Not applicable Potential lighting impacts 
from site 
works/buildings. 

Potential for contaminated 
surface runoff to infiltrate 
groundwater. 

No direct impact. Known Aboriginal 
heritage sites to be avoided. 

Groundwater 
abstraction 

Flora and vegetation is not 
groundwater dependant. 

No direct or indirect 
impact 

Groundwater abstraction 
and changes in 
groundwater quality may 
impact on subterranean 
fauna habitat 

No direct or indirect 
impact 

 

Groundwater abstraction 
may result in changes in 
water availability and 
quality. 

Potential for contaminated 
surface runoff to infiltrate 
groundwater. 

Groundwater abstraction may impact 
on the cultural values of the 
groundwater to the local Aboriginal 
stakeholders.  

Groundwater abstraction and changes 
in groundwater quality may impact on 
Natural Values of National Heritage 
listed site 

Operation of 
resort 

Potential for spread of  
weeds. 

Increased visitor impact on 
dune vegetation 

Potential increase in 
feral animals (e.g. 
cats, mice, rate 
associated with 
waste management 
practices that may 
compete with native 
species.  

Groundwater abstraction 
and changes in 
groundwater quality may 
impact on subterranean 
fauna habitat. 

Potential lighting impacts 
from resort lighting on 
nearby turtle nesting 
beach. 

Potential for increased 
visitation from the resort 
to impact on turtle 
nesting beach. 

Groundwater abstraction 
may result in changes in 
water availability and 
quality. 

Nutrients from the 
irrigation of treated 
wastewater potentially 
infiltrating groundwater. 

Contaminated surface 
runoff (e.g. from service 
station) potentially 
infiltrating groundwater. 
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Table 9.2: Predicted Outcomes and the Environmental Principles of the EP Act 
Principle Consideration 

1. The Precautionary Principle 
Where there are threats of serious or irreversible damage, 
lack of full scientific certainty should not be used as a 
reason for postponing measures to prevent environmental 
degradation. 
 
In application of this precautionary principle, decisions 
should be guided by: 

• careful evaluation to avoid, where practicable, serious 
or irreversible damage to the environment; and 

• an assessment of the risk-weighted consequences of 
various options. 

Predicted outcomes from the Proposal relevant to the objectives for each key environmental factor are as follows: 
 
Flora and Vegetation 

• Clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned for tourist development under the Shire of 
Exmouth’s Local Planning Scheme.   

• Direct loss of 19 individuals of Priority 3 species Stackhousia umbellate, which represents 0.16% of the known local 
population with 640 individuals recorded within the wider area. 

• No direct impacts to nearby Conservation Reserve will occur. 
 

Terrestrial Fauna 

• Clearing of 3.98 ha of native vegetation, within an existing tourist facility, zoned for tourist development under the Shire of 
Exmouth’s Local Planning Scheme.   

• The loss of 3.28 ha of Dune swale habitat, representing 18.31% of this habitat type within the survey area. Coastal dune 
habitats are widespread along the coastline, and not restricted in extent.  This habitat type is represented in nearby 
Conservation estate. 

• The  loss of 0.70 ha of Rocky hills and slope habitat, representing 1.48% of this habitat type within the survey area. The 
limestone Cape Range provides the most prominent habitat types within the survey area, and is also represented in the 
Cape Range National Park. 

• The loss of 0.002 ha of Sheltered Gullies and Minor Caves habitat, representing 0.017% of this habitat type within the 
survey area and is associated with an existing walking track. This habitat type is well represented within the Cape Range 
National Park and surrounding areas of Cape Range. 

• No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area.  
 

Subterranean Fauna 

• Groundwater abstraction will not result in a change in water quality within the subterranean habitat. 

• Stygofauna that may occur in the borefield all have wide ranges on the peninsula, and it is unlikely that any species would 
have a range restricted to the vicinity of the borefield. 

• Nutrient levels (nitrogen) associated with treated sewage are known to not adversely affect local stygofauna occurrence 
and no species is likely to be confined to the WWTP and area of irrigation effect. 
 

Marine Fauna (Marine Turtles) 

• Uncontrolled night-time lighting could lead to disorientation of hatchling turtles on the beach which could result in 
consistent annual mortality and, in the long-term, a potential decrease in the overall size of the population. 

• The proposed control measures within the ALAMP will aim to ensure no direct light is detected at nesting beaches and 
skyglow will be minimised. 

2. The Principle of Intergenerational Equity 
The present generation should ensure that the health, 
diversity and productivity of the environment is maintained 
and enhanced for the benefit of future generations. 

3. The Principle of the Conservation of Biological Diversity 
and Ecological Integrity 
Conservation of biological diversity and ecological integrity 
should be a fundamental consideration. 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 185 

Principle Consideration 

• With the implementation of the proposed control measure, the impact of light pollution on nesting and hatchling 
emergence behaviour is unlikely to significantly affect the marine turtle populations in the long term. 

• Implementation of monitoring and adaptive management will prevent long term impacts on nesting and hatchling 
emergence behaviour. Accordingly, the project is not expected to interfere with the recovery of the genetic stocks. 
 

Inland Waters 

• The licensed maximum abstraction of groundwater will increase from 32,000 kL/year from the Gascoyne Saline Resource 
to 72,000 kL. 

• A predicted  drawdown impact, extending up to 370 m from the borefield, with the highest drawdown in each production 
bore ranging from 0.4 to 0.6 m. 

• Irrigation of tertiary treated wastewater to landscaped areas of the Proposal. 

• Minimal change to existing landforms for construction. 

• No impact on other product bores or the Cape Range Subterranean Waterways (>5km away)   
 

Social Environment ( Aboriginal Heritage) 

• Ground disturbance within the impact zone of the Vlamingh Head Registered Heritage site, in accordance with the 
conditions of the s18 consent (Reference: 69-21438).  

• Avoidance and protection of two previously unknown sites (Sensitive Dune Area; Section 91 Water Bores Avoidance Area 
One) 

• The proposed disturbance is limited to an existing disturbed area within the Registered Aboriginal Heritage site on Lot 2, 
and is not likely to be significant at either a local or regional scale.  
 

Social Environment (Natural Heritage) 

• The Proposal is located within the vicinity of a number of Conservation Reservers, including the boundary of the World 
heritage listed Ningaloo Reef.  

• The Proposal may indirectly impact on a number of key environmental values that align with the conservation values and 
purposes of the nearby Conservation reserves.  

• Overall the impact to the values of the Conservation reserves (as assessed in Section 5) are considered low in both a local 
and regional context and the objectives of this factor can be met.  

• The Proposal is located within the boundary of the Ningaloo Coast National Heritage site.  

• Overall, the likely impact of the implementation of the Proposal on the Ningaloo Coast National Heritage site, is considered 
low in both a local and regional context and the objectives of this factor can be met.  

• The Proposal offers opportunities to improve protection of aspects of both Aboriginal and Natural heritage values. 
 
Social Environment (Historic Heritage) 

• The Proposal contains a pair of lighthouse keepers’ quarters, which falls within the State Register curtilage of the Vlamingh 
Head Lighthouse Group (Heritage Place no 00837-constructed 1912; 1943-46; 1990s). 

• The overall works will retain the place’s core heritage values by the conservation and presentation of the quarters to a high 
standard. 
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Principle Consideration 

 
Conclusion 
This EIA considers that the proposal activities are not considered to  have  significant residual impacts at either a local or regional 
scale. It is concluded that the EPA objectives for all key factors can be met. The residual impacts resulting from the Proposal can 
be adequately managed through the implementation of the proposed mitigation measures such that the environmental values 
are conserved and maintained for future generations. 

4. Principles Relating to Improved Valuation, Pricing and 
Incentive Mechanisms 
Environmental factors should be included in the valuation of 
assets and services. 
 
The polluter pays principles – those who generate pollution 
and waste should bear the cost of containment, avoidance 
and abatement. 
 
The users of goods and services should pay prices based on 
the full life-cycle costs of providing goods and services, 
including the use of natural resources and assets and the 
ultimate disposal of any waste. 
 
Environmental goals, having been established, should be 
pursued in the most cost-effective way, by establishing 
incentive structure, including market mechanisms, which 
enable those best placed to maximise benefits and/or 
minimise costs to develop their own solution and responses 
to environmental problems. 

The Proponent is investing $85 million in the redevelopment which is designed to consider and blend seamlessly with the 

unique landscape and character of the Vlamingh Head precinct.   

Responsibility and associated costs of providing a facility compliant with all applicable regulatory requirements, and providing 

for sustainable use of resources and appropriate, management of wastes has been accepted by the Proponent and 

incorporated into the world class resort design. This is demonstrated in the preliminary  planning and design, with further 

detail to be incorporated into the detailed design and implementation phases. 

The costs of providing the resort services will be reflected in the pricing structure of the various levels of accommodation to 

cater for a broad range of visitors.  

5. The Principle of Waste Minimisation All reasonable and 
practicable measures should be taken to minimise the 
generation of waste and its discharge into the environment. 

The Proponent has considered scarce fresh water resources in the design of the Proposal and intends to treat wastewater to a 
tertiary standard and reuse it for landscaping irrigation and toilet flushing. The predicted outcome of this design is that all 
wastewater can be used in the operation of the resort with no discharge to the environment required.   
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10. Conclusion 

This document has provided information about the existing environment and potential impacts 

resulting from the Proposal, in a local and regional context.  The Proponent has conducted relevant 

environmental studies to inform the environmental impact assessment and considers that the 

information provided in this proposal addresses the environmental impacts relevant to the Revised 

Proposal. 

The mitigation hierarchy has been applied and residual impacts and outcomes in relation to each key 

environmental factor have been assessed and are considered to be reasonable following the 

application of appropriate mitigation and management measures.   

It is concluded that, as such, the EPA objectives for all key factors can be met and the residual impacts 

resulting from the Proposal can be adequately managed through the implementation of the proposed 

mitigation measures.  
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11. Limitations 

Scope of services 

This report (“the report”) has been prepared by Strategen-JBS&G in accordance with the scope of 
services set out in the contract, or as otherwise agreed, between the Client and Strategen-JBS&G.  In 
some circumstances, a range of factors such as time, budget, access and/or site disturbance 
constraints may have limited the scope of services.  This report is strictly limited to the matters stated 
in it and is not to be read as extending, by implication, to any other matter in connection with the 
matters addressed in it. 

Reliance on data 

In preparing the report, Strategen-JBS&G has relied upon data and other information provided by the 
Client and other individuals and organisations, most of which are referred to in the report (“the data”).  
Except as otherwise expressly stated in the report, Strategen-JBS&G has not verified the accuracy or 
completeness of the data.  To the extent that the statements, opinions, facts, information, conclusions 
and/or recommendations in the report (“conclusions”) are based in whole or part on the data, those 
conclusions are contingent upon the accuracy and completeness of the data.  Strategen-JBS&G has 
also not attempted to determine whether any material matter has been omitted from the data.  
Strategen-JBS&G will not be liable in relation to incorrect conclusions should any data, information or 
condition be incorrect or have been concealed, withheld, misrepresented or otherwise not fully 
disclosed to Strategen-JBS&G.  The making of any assumption does not imply that Strategen-JBS&G 
has made any enquiry to verify the correctness of that assumption. 

The report is based on conditions encountered and information received at the time of preparation of 
this report or the time that site investigations were carried out.  Strategen-JBS&G disclaims 
responsibility for any changes that may have occurred after this time.  This report and any legal issues 
arising from it are governed by and construed in accordance with the law of Western Australia as at 
the date of this report.  

Environmental conclusions 

Within the limitations imposed by the scope of services, the preparation of this report has been 
undertaken and performed in a professional manner, in accordance with generally accepted 
environmental consulting practices.  No other warranty, whether express or implied, is made. 

The advice herein relates only to this Proposal and all results conclusions and recommendations made 
should be reviewed by a competent person with experience in environmental investigations, before 
being used for any other purpose. 

Strategen-JBS&G accepts no liability for use or interpretation by any person or body other than the 
client who commissioned the works.  This report should not be reproduced without prior approval by 
the client, or amended in any way without prior approval by Strategen-JBS&G, and should not be relied 
upon by other parties, who should make their own enquiries. 
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SUMMARY 

Minderoo has recently acquired the Ningaloo Lighthouse Tourist Park and associated freehold lands, and 

appointed Ecoscape to conduct a baseline environmental assessment of its lands and adjacent areas to 

identify the flora, vegetation and fauna values of the site.  The adjacent lands included Unallocated Crown 

Land and parts of Jurabi Coastal Park, for which a Department of Biodiversity, Conservation and Attractions 

Regulation 4 permit was granted to permit survey. 

The desktop assessment conducted prior to the field survey identified that: 

 the survey area corresponds with the mapping of the Cape Range Subterranean Waterways wetland, 

listed in the Directory of Important Wetlands of Australia 

 the survey area is included in Environmentally Sensitive Area mapping, most likely due to its proximity to 

conservation lands (including Jurabi Coastal Park, a small portion of which is included in the survey area, 

and Ningaloo Marine Park) or the wetland above 

 no terrestrial Threatened or Priority Ecological Communities are known from nearby 

 no Threatened Flora or Threatened Fauna species are known from nearby, and therefore none are 

expected to be associated with the survey area 

 23 Priority Flora species have been previously recorded from within 50 km of the survey area including 

one previously recorded from within it 

 40 conservation significant fauna species have been previously recorded from within 20 km of the survey 

area; 27 of these are birds protected under international agreements but without other conservation 

significance. 

The field survey was conducted over 5.5 days during July 2018.  

The survey area was considered to be represented by seven vegetation types based on a combination of 

structural vegetation types as mapped in the field and floristic groups.  The vegetation types corresponded 

with the three major habitat types within the survey area: 

 coastal zone; AcRp shrubland (Acacia coriacea and Rhagodia preissii shrubland) on stable (hind) beach 

dunes, merging into vegetation type TeSlWa grassland (Triodia epactia, Spinifex longifolius and 

Whiteochloa airoides grassland) on the more stable of the foredunes (above the high water mark) 

 limestone hills of Cape Range; Mc shrubland (Melaleuca cardiophylla shrubland) on the Cape Range 

limestone slopes and crests, AbSaAt shrubland (Acacia bivenosa, Senna artemisioides and Acacia 

tetragonophylla shrubland) in gorges, Ab shrubland (Acacia bivenosa shrubland) on scree slopes, and 

AbFb shrubland (Acacia bivenosa and Ficus brachypoda shrubland) in the interzone between the Cape 

Range and beach 

 red Pindan dunes; BaDp shrubland (Banksia ashbyi and Daviesia pleurophylla shrubland). 

None of the recorded vegetation types are of conservation significance, however, vegetation type BaDp 

shrubland is considered to be locally and possibly regionally significant due to it corresponding with a 

restricted landform, having unique floristic composition and that it provides habitat for Daviesia pleurophylla 

(P2). 

The vegetation condition ranged from Degraded to Excellent with most of the survey area in Very Good or 

Excellent condition (62.78%).  Weeds, primarily Buffel Grass (*Cenchrus ciliaris), were the main reason for 

vegetation being included in the lesser condition ratings (Good or lesser). 

A total of 169 vascular flora species were recorded from the survey area, 10 of which were not identified to 

species level due to lack of diagnostic reproductive material.  Six were confirmed as being of conservation 

significance, with a seventh considered highly likely to be of conservation significance, however, reproductive 

material would be required to confirm this.  The recorded Priority Flora species were: 

 Daviesia pleurophylla (P2) which was a characteristic species on the red Pindan dunes in vegetation type 

BaDp shrubland 

 Tinospora esiangkara (P2) with two plants recorded 

 Corchorus ?congener (not confirmed but considered likely, P3) from coastal dunes 
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 Eremophila forrestii subsp. capensis (P3) occurring occasionally on limestone in vegetation type Mc 

shrubland 

 Grevillea calcicola (P3), one plant recorded in vegetation type Mc shrubland close to a previous record for 

this species 

 Stackhousia umbellata (P3) that was a characteristic but not dominant species in vegetation type Mc 

shrubland 

 Brachychiton obtusilobus (P4) associated with or near minor gorges on limestone. 

Eight introduced species (weeds) were recorded, most commonly Buffel Grass (*Cenchrus ciliaris).  One 

Declared Pest plant and WONS species was recorded: *Tamarix aphylla, however there are no management 

requirements in relation to its presence. 

Five fauna habitat types were recorded: dune crests and dune swales on the red Pindan dunes; rocky hills and 

slopes, and sheltered gullies and minor caves associated with Cape Range limestone, and coastal dunes. 

Forty six vertebrate fauna species were recorded, including two of conservation significance Pandion 

haliaetus (Osprey, protected under international agreements) and Lerista allochira (Cape Range Slider, P3 

from very close to the survey area), and three introduced species (Feral Cat, Rabbit and Sheep). 
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1 INTRODUCTION  

Minderoo has recently acquired the Ningaloo Lighthouse Holiday Park and adjacent freehold lands, and has 

commissioned Ecoscape to conduct a flora, vegetation and fauna survey of its lands and adjacent areas to 

identify the flora, vegetation and fauna values of the site. 

1.1  PROJECT PURPOSE 

The project purpose is to identify the flora, vegetation and fauna attributes of the area associated with the 

Ningaloo Lighthouse Holiday Park (‘Holiday Park’) and adjacent lands, particularly to identify significant 

aspects.   

There are currently no detailed plans that would identify any particular future development impact areas. 

1.1.1 PROJECT SCOPE 

The scope of works is to: 

 describe and map the vegetation, including assessing vegetation condition 

 detail the flora of the survey area and identify locations of significant flora 

 identify any significant flora or vegetation features that may be of interest from a development and 

tourism point of view 

 identify the terrestrial fauna of the survey area 

 document any other significant features that may be of interest. 

Adjacent areas have been included in the survey as well as freehold land held by Minderoo in order to give 

local context to the survey. 

1.2  SURVEY AREA 

The survey area, located approximately 13 km north of Exmouth, is within the Shire of Exmouth and consists 

of Lots 1, 2 and 6 Yardie Creek Road and some adjacent Unallocated Crown Land (UCL) and immediately 

adjacent parts of the Jurabi Coastal Park.  The survey area incorporates the decommissioned Vlamingh Head 

Lighthouse, which is located on UCL excised from Lot 1.   

Lot 2 is largely occupied by the Ningaloo Lighthouse Holiday Park (‘Holiday Park’) that includes caravan and 

camp sites, and various bungalows and chalets with supporting infrastructure including swimming pool, 

administration, works areas and café. 

The survey area occupies 112.20 ha. 

Minderoo also requested an assessment of an area on UCL around Department of Defence lands 

approximately 1.5 km south of the main survey area, known as the ‘southern survey area’ in this report.   
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Figure 1: Survey area location 

1.3  STATUTORY FRAMEWORK 

This environmental assessment was conducted in accordance with Commonwealth and State legislation and 

guidelines:  

 Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) (1999) 

 Western Australian Wildlife Conservation Act 1950 (WC Act) (1950) 

 Western Australian Environmental Protection Act 1986 (EP Act)  (1986) 

 Western Australian Biodiversity Conservation Act 2016 (BC Act, partly enacted) (2016b)  

 Department of Environment Water Heritage and the Arts (DEWHA 2009) Matters of National 

Environmental Significance. Significant impact guidelines 1.1 - Environment Protection and Biodiversity 

Conservation Act 1999. 

In addition, the Minister for the Environment has published lists of fauna and flora species in need of special 

protection because they are considered rare, likely to become extinct, or are presumed extinct.  The current 

listings were published in the Government Gazette on 16 January 2018 (Government of Western Australia 

2018b) and was taken into account. 

As well as those listed above, the assessment complied with EPA requirements for environmental survey and 

reporting in Western Australia, as outlined in:  

 EPA (2016c) Technical Guidance - Flora and Vegetation Surveys for Environmental Impact Assessment, 

known as the Flora and Vegetation Technical Guidance 

 EPA (2016d) Technical Guidance - Terrestrial Fauna Surveys, known as the Fauna Technical Guidance 

 EPA (2016e) Technical Guidance - Sampling Methods for Terrestrial Vertebrate Fauna 

 EPA (2016a) Environmental Factor Guideline: Flora and Vegetation 

 EPA (2016b) Environmental Factor Guideline: Terrestrial Fauna. 

1.3.1 WESTERN AUSTRALIAN BIODIVERSITY CONSERVATION ACT 2016 

The Western Australian BC Act provides for the conservation, protection and ecologically sustainable use of 

biodiversity and biodiversity components in Western Australia.  It is anticipated to replace the WC Act in 
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2019, however, fully enacted most parts of the WC Act still apply.  The parts of the BC Act currently in effect 

are listed on the Department of Biodiversity, Conservation and Attractions website (DBCA 2018, accessed 3 

July 2018) and relate largely to definitions. 

Threatened species (both flora and fauna) that meet the categories listed within the BC Act are highly 

protected and require authorisation by the Minister to take or disturb.  These are known as Threatened Flora 

and Threatened Fauna.  The conservation categories of critically endangered, endangered and vulnerable 

have been aligned with those detailed in the EPBC Act, as below. 

Flora and fauna species may be listed as being of special conservation interest if they have a naturally low 

population, restricted natural range, are subject to or recovering from a significant population decline or 

reduction of range or are of special interest, and the Minister considers that taking may result in depletion of 

the species.  Migratory species and those subject to international agreement are also listed under the Act.  

These are known as specially protected species in the BC Act.   

Threatened Ecological Communities are also protected under the BC Act and are categorised using the same 

criteria as threatened species. 

At the time of writing this report, most provisions within the BC Act have not been yet been proclaimed, 

including those relating to species of conservation interest (Specially Protected Species) and Threatened 

Ecological Communities.  As these are not included in the WC Act, there is currently no specific legal 

protection afforded to these within Western Australia beyond the usual protection of unlisted species and 

native vegetation under the Native Vegetation Clearing Regulations (Government of Western Australia 2004), 

unless they are protected under the Commonwealth EPBC Act.  Threatened Flora and Threatened Fauna are 

protected under the provisions of the WC Act until the BC Act is fully enacted. 

The DBCA is planning on publishing updated Biodiversity Conservation Regulations that underpin the 

licencing and management activities by mid-September 2018, with the Act coming into effect on 1 January 

2019 (DBCA 2018, accessed 3 July 2018). 

1.3.2 COMMONWEALTH ENVIRONMENT PROTECTION AND BIODIVERSITY CONSERVATION 

ACT 1999 

At a Commonwealth level, Threatened taxa are protected under the EPBC Act, which lists species that are 

considered Critically Endangered, Endangered, Vulnerable, Conservation Dependant, Extinct, or Extinct in the 

Wild (detailed in Table 11 in Appendix One).  

The EPBC Act takes precedence over state legislation. 

1.3.3 THREATENED AND PRIORITY FLORA  

Conservation significant flora species are those that are listed as TF (Threatened Flora) and (within Western 

Australia) as PF (Priority Flora).  TF species are listed as threatened by the Western Australian DBCA and 

protected under the provisions of the BC Act.  Some State-listed TF are provided with additional protection 

as they are also listed under the Commonwealth EPBC Act.   

Flora are listed as PF where populations are geographically restricted or threatened by local processes, or 

where there is insufficient information to formally assign them to TF categories.  Whilst PF are not specifically 

listed in the BC Act, some may qualify as being of special conservation interest and these have a greater level 

of protection than unlisted species. 

There are eight categories covering State-listed TF and PF species (DBCA 2017) which are outlined in  

Table 12 in Appendix One (noting that the definitions for TF included in the BC Act have been aligned with 

those in the EPBC Act).  PF for Western Australia are regularly reviewed by the DBCA whenever new 

information becomes available, with species status altered or removed from the list when data indicates that 

they no longer meet the requirements outlined in Table 12. 
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1.3.4 OTHER SIGNIFICANT FLORA 

According to the Flora and Vegetation Technical Guidance (EPA 2016c) other than being listed as Threatened 

or Priority Flora, a species can be considered as significant if it is considered to be: 

 locally endemic or association with a restricted habitat type (e.g. Groundwater Dependent Ecosystems, 

Sheet Flow Dependent Vegetation) 

 a new species or has anomalous features that indicate a potential new species 

 at the extremes of range, recently discovered range extensions (generally considered greater than 100 km 

or in a different bioregion), or isolated outliers of the main range 

 unusual species, including restricted subspecies, varieties or naturally occurring hybrids 

 relictual status, being representative of taxonomic groups that no longer occur widely in the broader 

landscape. 

1.3.5 INTRODUCED FLORA 

Introduced plant species, known as weeds, are plants that are not indigenous to an area and have been 

introduced either directly or indirectly (unintentionally) through human activity.  Species are regarded as 

introduced if they are listed as ‘alien’ on FloraBase (Western Australian Herbarium [WAH] 1998-2018). 

1.3.5.1 Weeds of National Significance (WONS) 

At a national level there are thirty-two weed species listed as Weeds of National Significance (WONS) 

(Australian Government & DotEE 2018b; Weeds Australia 2012).  The Commonwealth National Weeds 

Strategy: A Strategic Approach to Weed Problems of National Significance (2012) describes broad goals and 

objectives to manage these species.   

1.3.5.2 Declared Pest Plants 

The Western Australian Organism List (WAOL) details organisms listed as Declared Pests under the 

Biosecurity and Agriculture Management Act 2007 (BAM Act).  Under the BAM Act, Declared Pests are listed 

as one of the three categories, or exempt: (Government of Western Australia 2007) 

 C1 (exclusion), that applies to pests not established in Western Australia; control measures are to be taken 

to prevent their entry and establishment 

 C2 (eradication), that applies to pests that are present in Western Australia but in low numbers or in 

limited areas where eradication is still a possibility 

 C3 (management), that applies to established pests where it is not feasible or desirable to manage them 

in order to limit their damage 

 exempt (no category). 

1.3.6 THREATENED AND PRIORITY ECOLOGICAL COMMUNITIES 

1.3.6.1 Nationally Listed Threatened Ecological Communities 

Ecological communities are naturally occurring biological assemblages associated with a particular type of 

habitat (Government of Western Australia 2016b).  At Commonwealth level, Threatened Ecological 

Communities (TECs) are protected under the Commonwealth EPBC Act.  An ecological community may be 

categorised into one of the three sub-categories: 

 Critically Endangered, if it is facing an extremely high risk of extinction in the wild in the immediate future 

 Endangered, if it is not critically endangered and is facing a very high risk of extinction in the wild in the 

near future 

 Vulnerable, if it is not critically endangered or endangered, and is facing a high risk of extinction in the 

wild in the medium-term future. 

1.3.6.2 State Listed Threatened Ecological Communities 

The Western Australian DBCA also maintains a list of TECs which are further categorised into three 

subcategories much like those of the EPBC Act.  The full details of DBCA criteria are shown in Table 13 in 

Appendix One.  
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1.3.6.3 State Listed Priority Ecological Communities 

DBCA maintains a list of Priority Ecological Communities (PECs).  PECs include potential TECs that do not 

meet survey criteria, or that are not adequately defined.  

1.3.7 THREATENED AND PRIORITY FAUNA 

Certain fauna species are listed in conservation categories under the Commonwealth EPBC Act (outlined in 

Table 11 in Appendix One and/or Western Australian BC Act.  In addition to these statutory listings, DBCA 

maintains a list of ‘Priority’ species (P1-P5) that are also of conservation interest, outlined in Table 12 in 

Appendix One.  It is a requirement of fauna survey for environmental impact assessment that potential for 

presence of these species, and for impact due to the proposed action, are investigated using all appropriate 

sources of information. 

Migratory species are matters of Commonwealth environmental significance under the EPBC Act and also 

listed for special protection under the Western Australian BC Act.  Recognised migratory species include any 

native species identified in an international agreement approved by the Minister and those listed under:  

 The Convention on the Conservation of Migratory Species of Wild Animals (Bonn Convention) 

 The China-Australia Migratory Bird Agreement (CAMBA) 

 The Japan-Australia Migratory Bird Agreement (JAMBA) 

 The Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA). 

1.3.8 ENVIRONMENTALLY SENSITIVE AREAS 

There are a number of areas around Western Australia identified as being of environmental significance 

within which the exemptions to the Native Vegetation Clearing Regulations do not apply.  These are referred 

to as Environmentally Sensitive Areas (ESAs), and are declared under section 51B of the EP Act and described 

in the Environmental Protection (Environmentally Sensitive Areas) Notice (Government of Western Australia 

2005). 

1.3.9 CONSERVATION ESTATE 

The National Reserve System is a network of protected areas managed for conservation under international 

guidelines.  The objective of placing areas of bushland into the Conservation Estate is to achieve and 

maintain a comprehensive, adequate and representative reserve system for Western Australia.  The 

Conservation and Parks Commission is the vesting body for conservation lands, forest and marine reserves 

that are managed by DBCA (Government of Western Australia 2018a). 

 

 



 

11930-4216-18R final 9 
 

2 DESKTOP ASSESSMENT (EXISTING 

ENVIRONMENT)  

2.1  PHYSICAL ENVIRONMENT 

2.1.1 CLIMATE 

The climate of the survey area is arid, semi-desert to subtropical with variable summer and winter rainfall.  

Cyclonic activity can be significant, and cyclonic systems may affect the coast and hinterland annually 

(Kendrick & Mau 2002). 

According to the Köppen-Geiger climate classification, the survey area has a hot desert climate (Class BWh) 

(Peel et al. 2007).  This classification includes arid regions where annual evaporation exceeds annual 

precipitation, and with a mean annual temperature ≥18°C. 

Figure 2 outlines the rainfall and temperature data for the survey area.  The closest Bureau of Meteorology 

(BoM) site recording rainfall is Exmouth town (station 5051, operating since 1964; BoM 2018a), approximately 

13 km south of the survey area.  The mean annual rainfall is 275.1 mm, 82% of which falls in the first 6 

months of the year (summer-autumn) period.  There was no significant rainfall in 2018 until June (34.8 mm 

during January-May, 141.8 mm in June) (BoM 2018a). 

The nearest BoM station recording temperatures is Learmonth Airport (station 5007, operating since 1945), 

located approximately 25 km south of the survey area.  January is the hottest month with a mean maximum 

temperature of 37.9°C and mean minimum of 23.0°C, and July is the coldest month with a mean maximum 

temperature of 24.8°C and mean minimum of 11.4°C (BoM 2018a).  

Temperatures during the summer period immediately before the July 2018 survey were appreciably higher 

than the long-term mean (excluding February, which was cooler), with March 2018, on average, having a 

maximum temperature 2.6°C higher than the long-term mean and April 2018, on average, having a maximum 

temperature 3.9°C higher than the long-term mean (BoM 2018a).   

 

Figure 2: Rainfall (Exmouth) and temperature data (Learmonth Airport) (BoM 2018a) 
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2.1.2 WETLANDS AND DRAINAGE 

There are no surface wetlands within the survey area. 

However, the low-lying portions of survey area are included in mapping, which includes buffers, of the 

Directory of Important Wetlands of Australia.  Part of the Cape Range Subterranean Waterways wetland is 

located approximately 2.5 km east of the survey area; other areas included in the wetland are scattered 

through Northwest Cape.  These consist of waterways, sinkholes, general groundwater and artificial wells, 

with the main ecological feature being entirely endemic stygofauna (Australian Government & DotEE 2010, 

accessed 03 July 2018). 

2.1.3 ENVIRONMENTALLY SENSITIVE AREAS 

The survey area is included in an ESA.  It is unlikely that the ESA refers to any aspects relevant to the flora and 

vegetation or terrestrial fauna of the survey area, and is more likely attributed due to its proximity to 

conservation lands (Jurabi Coastal Park and Ningaloo Marine Park, Section 2.1.4) or its proximity to the Cape 

Range Subterranean Waterways wetland (Section 2.1.2). 

2.1.4 CONSERVATION LANDS 

The survey area, in part, corresponds with Jurabi Coastal Park on the northern and western edges of the 

survey area and is immediately adjacent to the Ningaloo Marine Park. 

Cape Range National Park is located approximately 17 km south of the survey area. 

2.1.5 LAND USE HISTORY 

Part of Lot 2 is occupied by tourist infrastructure (short-term accommodation and supporting infrastructure).  

Part of Lot 1 has been excised (as UCL) and includes the decommissioned Vlamingh Head Lighthouse and 

access road, which is a tourist attraction and viewing location.  Lot 6 has an unsealed road dissecting its 

length. 

All other parts are uncleared.  The survey area is not within any pastoral leases, however, it is likely that the 

vegetation has been grazed by domestic (e.g. cattle, horses, sheep) and feral (e.g. goats) animals since the 

area was settled by Europeans in the early 1900s.  However, the town of Exmouth itself was not established 

until 1967 when the United States constructed the Naval Communication Station. 

2.2  BIOLOGICAL ENVIRONMENT 

2.2.1 BIOGEOGRAPHIC REGION 

Biogeographic regions are delineated on the basis of similar climate, geology, landforms, vegetation and 

fauna and are defined in the Interim Biogeographical Regionalisation for Australia (IBRA) (DotEE 2016). 

The survey area is located within the Carnarvon IBRA region in the Cape Range CAR1 subregion, described as 

(Williams & Mitchell 2001): 

The Carnarvon bioregion is composed of quaternary alluvial, aeolian and marine sediments 

overlying Cretaceous strata. A mosaic of saline alluvial plains with samphire and saltbush low 

shrublands, Bowgada low woodland on sandy ridges and plains, Snakewood scrub on clay flats, 

and tree to shrub steppe over hummock grasslands on and between red sand dune fields. 

Limestone strata with Acacia stuartii or A. bivenosa shrubland outcrop in the north, where 

extensive tidal flats in sheltered embayments support mangal.  

Cape Range and Giralia dunefields form the northern part of Carnarvon Basin. Rugged tertiary 

limestone ranges and extensive areas of red aeolian dunefield, Quaternary coastal beach dunes 

and mud flats. Acacia shrublands over Triodia on limestone (Acacia stuartii or A. bivenosa) and 

red dunefields, Triodia hummock grasslands with sparse Eucalyptus trees and shrubs on the 

Cape Range. Extensive hummock grasslands (Triodia) on the Cape Range and eastern dune-

fields. Tidal mudflats of sheltered embayments of Exmouth Gulf support extensive mangroves. 

Beach dunes with Spinifex communities. An extensive mosaic of saline alluvial plains with 
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samphire and saltbush low shrublands along the eastern hinterland of Exmouth Gulf. Islands of 

the Muiron, Barrow, Lowendal and Montebello groups are limestone-based. Climate is arid, 

semi-desert to subtropical climate, with variable summer and winter rainfall. Cyclonic activity can 

be significant, and cyclonic systems may affect the coast and hinterland annually. Subregional 

area for CAR1 is 2, 547, 911 ha. 

2.2.2 PRE-EUROPEAN VEGETATION 

During the 1970s, John Beard and associates conducted a systematic survey of native vegetation, describing 

the vegetation systems in Western Australia at a scale of 1:250 000 in the south-west and at a scale of  

1:1 000 000 in less developed areas.   

Beard’s vegetation maps depict the native vegetation as it was presumed to be at the time of settlement, and 

is known as the pre-European vegetation type and extent and has since been developed in digital form by 

Shepherd et al. (2002) and updated by DAFWA (2012).  Extents are updated annually by DBCA.  This mapping 

indicates that the survey area includes areas mapped as: 

 Association 662, described as hummock grassland; shrub steppe; mixed Acacia scrub & dwarf scrub with 

soft spinifex & Triodia basedowii 

 Association 663, described as hummock grasslands, shrub steppe; waterwood (Acacia coriacea) over soft 

spinifex 

 Association 664, described as hummock grasslands, sparse tree-steppe; scattered bloodwood over soft 

spinifex & Triodia sp. indet. aff. Angusta (Triodia angusta). 

The pre-European vegetation association identified from the survey area (DAFWA 2012) and its pre-European 

and current extents are listed in Table 1 (Government of Western Australia 2016a) and shown on Map 1. 

Table 1: Pre-European vegetation association representation (Government of Western Australia 2016a) 

Region 
Vegetation 

association 

Original extent 

(ha) 

Current extent 

(ha) % Remaining 

Western Australia 

662 284,795.92 282,125.59 99.06 

663 30,474.41 25,976.66 85.24 

664 83,774.94 82,154.14 98.07 

IBRA biographic region 

(Carnarvon) 

662 282,709.68 281,679.32 99.64 

663 29,068.26 25,866.32 88.98 

664 83,739.62 82,154.14 98.11 

IBRA biographic sub-region 

(Ningaloo) 

662 282,709.68 281,679.32 99.64 

663 29,068.26 25,866.32 88.98 

664 83,739.62 82,154.14 98.11 

LGA (Shire of Exmouth) 

662 194,410.67 193,595.74 99.58 

663 30,474.41 25,976.66 85.24 

664 83,774.94 82,154.14 98.07 

 

2.2.3 THREATENED AND PRIORITY ECOLOGICAL COMMUNITIES 

A Protected Matters Search Tool (PMST, Australian Government & DotEE 2018a) search (EPBC Act Protected 

Matters Report, search reference PMST_2V6IIK) was conducted using a 10 km buffer from a central point of 

the survey area.  The search did not identify any EPBC-listed TECs within the search area buffer. 

The results of the DBCA communities database search are shown on Map 2. 

2.2.4 THREATENED AND PRIORITY FLORA 

The PMST search (Australian Government & DotEE 2018a) identified no EPBC-listed TF that may or are likely 

to occur within the 10 km search buffer area, or suitable habitat that may or is likely to occur.   

The results of the DBCA and NatureMap (DPaW 2007-2018) conservation significant flora database search 

are included in Table 17 in Appendix Two and shown on Map 2.  The searches identified 23 conservation 
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significant species are known to occur within 50 km of the survey area or, for four species, were identified by 

a place name search (‘Exmouth’, ‘Cape Range’).   

No TF species were identified by these database searches, therefore no TF species are known to occur within 

at least 50 km of the survey area. 

Of the 23 species identified by the database searches, two are P1 species (both identified from place name 

searches), nine are P2 species, nine are P3 species and three are P4 species.  One of these (Grevillea calcicola, 

P3) has been previously recorded from within the survey area, however, additional early (i.e. pre-1980s) 

conservation significant flora records with inaccurate GPS locations are also likely to have been recorded 

within or very close to the survey area (Stackhousia umbellata, P3 from 1965; Daviesia pleurophylla, P2 from 

1978). 

2.2.4.1 Threatened and Priority Flora Likelihood Assessment 

Ecoscape conducted a likelihood assessment to identify conservation significant flora species that have 

potential to occur within the study area.  The likelihood of a species occurring is based on the following 

attributes, as listed on FloraBase (WAH 1998-2018; 2018), tailored to local populations, and information from 

recent nearby surveys.   

The attributes were: 

 broad soil type usually associated with the species 

 broad landform usually associated with the species 

 usual vegetation (characteristic species) with which the species is usually associated 

 species having previously been recorded from within approximately 20 km of the study area (considered 

as ‘nearby’). 

The likelihood rating is assigned using the categories listed in Table 2. 

Table 2: Categories for likelihood of occurrence of conservation significant flora 

Likelihood Categories 

Recorded Species recorded within the study area 

Possible 
May occur within the study area (but has not been recorded); broadly, 2-4 of the required 
attributes (but always including records from nearby or from within the overall range of the 
species) are present in the study area 

Unlikely 

Could occur but is not expected; 1-3 of the required attributes are present in the study area 
but: 

 it is not known from nearby, or 

 it is known from nearby but has no other required attributes, or 

 it is known from nearby but has at least one well-defined attribute that does not occur 
in the study area (e.g. it is associated with a specific landform or soil type that does not 
occur in the study area) 

Highly Unlikely 

The species characteristics include only one or none of the required attributes of soil, 
landform, associated vegetation and having previously been recorded nearby, or a critical 
element (often landform) is not within the study area and as such it almost certainly does 
not occur. 

Based on the above, with the knowledge that the survey area includes areas of limestone hills, coastal dunes 

and red Pindan sand dunes, 11 conservation significant flora species are considered as having a ‘possible’ 

likelihood of occurrence and three are considered to have been previously recorded from within the survey 

area. 
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2.2.5 DECLARED PEST PLANTS AND WONS WEEDS 

Forty five s22 Declared Pest species were identified by a WAOL search (Department of Primary Industries and 

Regional Development 2018) for the Shire of Exmouth and ‘Whole of State’ i.e. they are Declared Pest plants 

in the Shire of Exmouth (Table 18 in Appendix Two).  According to NatureMap (DPaW 2007-2018, accessed 

3 July 2018), none have been collected from within 10 km of the survey area. 

There are 32 WONS listed for Australia (Australian Government & DotEE 2018b).  None have been collected 

within 10 km of the survey area (DPaW 2007-2018, accessed 3 July 2018).  However, Tamarix aphylla (Athel 

Tree, Tamarix, Salt Cedar) that is listed as a WONS species (and Declared Pest plant) is frequently planted as a 

shade tree in arid and semi-arid areas including at the Ningaloo Lighthouse Holiday Park and is rarely 

reported as a weed.  In most circumstances, including within the Holiday Park, the species is not invasive, 

however, is a significant weed in some places including Carnarvon (Department of Primary Industries and 

Regional Development 2017) and central Australia (National Heritage Trust 2003) where it can have a 

significant ecological impact.  Under the BAM Act this species does not have any management requirements. 

2.2.6 CONSERVATION SIGNIFICANT FAUNA SPECIES 

A review of databases and previous survey reports in the proximity of the survey area was undertaken, 

including the following sources: 

 PMST search (Australian Government & DotEE 2018a, search reference PMST_2V6IIK) using a 10 km buffer 

around a central point within the survey area  

 NatureMap (DPaW 2007-2018), using a 10 km buffer of a point central within the survey area 

 DBCA database search (search reference FAUNA#5758), using a 20 km buffer around a central point 

 previous survey reports.  

The database and literature searches identified conservation significant vertebrate fauna species that have 

been previously recorded at or near the survey area, or for the PMST, where the species or suitable habitat 

‘may’ occur or is ‘likely to occur’.  The combined results are presented in Table 19 in Appendix Two.  The 

results of the DBCA database search are shown on Map 3. 

The conservation significant species included in the database searches comprised: 

 three mammals; two identified only via the PMST, both as ‘species or habitat may occur’ 

 three reptiles 

 39 birds; 27 protected under international agreements without other conservation significance, and three 

identified only via the PMST as ‘species or habitat may occur’ or ‘species or habitat likely to occur’. 

2.2.6.1 Conservation Significant Fauna Likelihood Assessment 

The likelihood of occurrence of the conservation significant fauna species identified by the database and 

literature searches as being known from nearby was assessed in a similar manner to flora, using the following 

criteria: 

 suitability of habitats present within the survey area 

 distance between previous record of conservation significant species and the survey area 

 frequency and number of records in the region, and 

 date of record of conservation significant species (recent or historical). 

The sufficiency of information and behavioural and ecological characteristics, such as cryptic behaviours were 

also taken into account.  Using the above criteria, the categories of likelihood of occurrence are shown in 

Table 3. 
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Table 3: Categories for likelihood of occurrence of conservation significant fauna 

Likelihood Categories 

Recorded Species recorded within the survey area within a reasonable timeframe (0-5 years) 

High 
Species recorded in close proximity to the survey area (<5 km) within the past 10 years; and 

suitable habitat occurs within the survey area 

Medium 
Species historically recorded in close proximity (<5 km) to the survey area, more than 10 

years ago; and suitable habitat may exist within the survey area 

Low 
Species not recorded in the proximity of the survey area or rarely recorded within 10 km of 

the survey area; and suitable habitat unlikely to occur within the survey area 

Very Low 

Species not recorded by multiple surveys/databases within 20 km of the survey area and 

suitable habitat does not occur within the survey area, however species or suitable habitat 

is listed as potentially occurring in the wider region 

 

Species with the highest likelihood of occurring in the survey area (i.e. ‘recorded’ and ‘high’, as defined in 

Table 3) are highlighted in Table 20 in Appendix Two.  These, and their habitats, formed the basis of 

searches during the field survey. 

The mammal species identified by the database searches are considered highly unlikely (Very Low likelihood) 

to occur: 

 Dasyurus hallucatus (Northern Quoll) has never been recorded on the North West Cape peninsula 

 Petrogale lateralis (Black-flanked Rock-wallaby) may have previously occurred (prior to European 

settlement), however, there are no actual records from within 10 km of the survey area 

 Rhinonicteris aurantia Pilbara form (Pilbara Leaf-nosed Bat) has only one record from the North West 

Cape peninsula, and few areas of suitable habitat occur within or close to the survey area. 

All three of the Priority-listed reptile species (Aprasia rostrata, Ningaloo Worm-lizard; Diplodactylus capensis, 

Cape Range Stone Gecko; Lerista allochira, Cape Range Slider) have either a Medium or, for the Cape Range 

Slider, a recorded likelihood of occurring within the survey area.  Suitable habitat for these species is 

abundant within the survey area, although two of these species have only a Medium likelihood of occurring, 

the low amount of known surveys in the area suggests underrepresentation in collections. 

A total of 39 birds, 27 of which are protected under international agreements and without additional 

protection (and another six with additional statutory protection), were assessed for likelihood of occurring 

within the survey area.  Three species have previously been recorded as occurring within or immediately 

adjacent to the survey area: Osprey (Pandion haliaetus), Crested Tern (Sterna bergii) and Common Sandpiper 

(Tringa hypoleucos), both protected under international agreements only.  Another, listed as P4 (Grey-tailed 

Tattler, Tringa brevipes), was assessed as having a High likelihood of occurring. 

2.3  LITERATURE REVIEW 

The following documents have been reviewed for relevance to this project: 

 360 Environmental (2017), Australian Bundle Site. Detailed Flora and Vegetation Assessment, detailing the 

investigation of a 535 ha site 35 km south of Exmouth, approximately 50 km south of the survey area.  The 

survey identified 74 vascular flora taxa including one of conservation significance (Corchorus congener, 

P3) that was considered to be widespread within the survey area and beyond, 10 natural vegetation types 

and the vegetation was in Very Good to Completely Degraded condition, with Buffel Grass (*Cenchrus 

ciliaris) contributing significantly to the vegetation condition. 

 ENV Australia Pty Ltd (2012), Ashburton North Strategic Industrial Area Flora and Vegetation Assessment, 

detailing the investigation of a 564 ha study area located near Onslow, approximately 90 km east of the 

survey area and across the Exmouth Gulf.  The survey identified 131 vascular flora species including one 

P3 species and five vegetation associations in Excellent to Completely Degraded condition. 

 Meissner (2010a), Biodiversity values of basic raw material sites within Cape Range National Park, reported 

on the assessment of biodiversity values of eight existing borrow pits and two sites on UCL, including one 
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near the survey area in red sandplain.  This site was dominated by Acacia bivenosa and Senna glutinosa 

subsp. pruinosa over Triodia epactia and Triodia basedowii, with Acanthocarpus humilis, Melaleuca 

cardiophylla and Acacia gregorii on an adjacent limestone ridge.  Two priority-listed flora species were 

recorded from the site; Eremophila forrestii subsp. capensis and Corchorus congener, both P3.   

 Meissner (2010b), Biodiversity values of Unallocated Crown Land on Cape Range peninsula, Western 

Australia, reported on the natural values of UCL on Cape Range Peninsula including the survey area.  The 

report notes three broad vegetation types; vegetation on limestone hills and ranges, coastal plain 

vegetation and vegetation of red sand dunes, the latter having no representation within the conservation 

estate. 

 Astron Environmental Services (2009), Exmouth Wastewater Treatment Plant Land Acquisition Flora, 

Vegetation and Fauna Survey.  The survey of approximately 200 ha adjacent to the town of Exmouth 

identified 16 vegetation types (none of conservation significance) of varying condition depending on 

weed density, 79 vascular flora species (two P3 species, Corchorus congener and Gymnanthera 

cunninghamii) and seven vertebrate fauna species. 

 Ecoscape (2009), Flora and vegetation survey, Market Street, Exmouth, detailing the flora and vegetation 

survey of 3.5 ha within the town site of Exmouth.  The survey identified a single vegetation type in 

Completely Degraded or Degraded condition and 35 vascular flora species. 

 GHD (2008), Passing lanes and materials pit Minilya Exmouth Road targeted flora survey.  The report 

documents a targeted flora survey of several small areas adjacent to the main road 10-28 km south of 

Exmouth.  There were no significant findings during the field survey. 

 Baynes & Jones (1993) The mammals of Cape Range peninsula, north-western Australia describes the 

mammal fauna of the area as it was known in 1993.  Historically 49 mammal species were known from the 

peninsula, comprising 38 native ground mammals, five bats and six introduced species.  Approximately 

half of these are now extinct.  The mammal fauna have their origins in the arid zone and no species were 

identified as being endemic to the peninsula. 

 Keighery & Gibson (1993), Biogeography and composition of the flora of the Cape Range peninsula, 

Western Australia.  This document details the flora of the Cape Range peninsula, and identifies 630 

species of vascular plants including 12 endemic taxa and 50 taxa that are at northern end of their range; 

these are mostly sandplain or coastal dune species. 

 Kendrick (1993) Biogeography of the vertebrates of the Cape Range peninsula.  At the time of writing, 30 

mammals, 84 reptiles, five amphibians and approximately 200 birds were known from the peninsula.  The 

mammal, bird and reptile faunas were considered largely typical of semi-arid and arid areas, although 

species were often geographically isolated from the main populations.  Endemism was considered to be 

low. 

 Pringle (1987), The biogeography of plant communities on the western coastal plain of the Exmouth 

Peninsula (Honours Thesis).  The author considered that the flora had origins in both the eremaean region 

and south west, with the southwestern species becoming isolated from their ancestral populations with 

some having evolved to become endemic species.  These were largely associated with red aeolian sand 

dunes.  However, overall, the flora was considered representative of widely distributed arid environments. 
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3 METHODS 

3.1  FLORA AND VEGETATION SURVEY 

3.1.1 GUIDING PRINCIPLES 

The flora and vegetation survey was conducted according to the Flora and Vegetation Technical Guidance 

(EPA 2016c) as a detailed survey.  The EPA recommends a detailed survey to have:   

 a comprehensive survey design paying particular attention to optimal survey timing, disturbance events 

and the potential requirement for supplementary surveys  

 a minimum of three quadrats (in proportion to the extent of the vegetation unit), located throughout each 

preliminary vegetation types sampled throughout its geographic range, with additional quadrats and 

rescoring during supplementary surveys to clarify vegetation unit boundaries 

 regional surveys if there is insufficient information available (identified during the desktop assessment) to 

provide local and regional context 

 the survey may include a number of sampling techniques including quadrats, relevés, transects and 

traverses, as well as opportunistic observations 

 the flora inventory should be comprised of data collected from quadrats and relevés, supplemented by 

opportunistic observations, systematic surveys and targeted inspections of various habitat areas 

 it may be appropriate to increase survey effort in areas of unusual habitat 

 sampling sites that are placed at representative locations throughout the survey area considering 

landform, geology, elevation, slope, aspect, surface or groundwater expression and soil type, as well as 

vegetation structure, composition and condition. 

Targeted searches were also conducted in areas of habitat suitable for conservation significant flora 

identified during the desktop assessment as having potential to occur. 

3.1.2 FLORA AND VEGETATION FIELD SURVEY 

The survey area did not include the tourist park or its immediate vicinity. 

The field survey was conducted as a single phase survey.  At least three floristic quadrats were recorded in 

each vegetation type in areas of native vegetation where the vegetation was in Good or better condition, and 

at least one relevé in areas where access was unsafe (scree slope) or where survey time was restricted.  

Relevés are unmeasured areas, with less background information collected but with the same effort applied 

to collecting a flora inventory as for quadrats. 

Opportunistic observations were conducted to contribute to a complete flora inventory.   

Targeted searches were conducted for conservation significant flora in areas of suitable habitat. 

On ground observations, supported by aerial photography, were used to describe the vegetation of the 

survey area.  Extrapolated vegetation type extensions were approximated using a combination of aerial 

imagery interpretation and field observations. 

3.1.2.1 Field Survey Timing 

The field survey was conducted during 9-14 July 2018.  The Flora and Vegetation Technical Guidance (EPA 

2016c) identifies autumn as the appropriate season of survey for the Carnarvon IBRA region as this is 

considered to represent the season following rainfall.   

However, Exmouth did not experience significant rainfall over the summer period (17.6 mm over January-

April), and did experience significant rainfall in June (141.8 mm over two events).  The survey timing in July 

2018 is therefore optimal as the survey was conducted approximately 5 weeks after the first significant 

rainfall event (46.2 mm during 5-8 June), with supplementary follow-up rainfall (95.6 mm on 19 June).  

Additionally, the highest priority flora species (P2) identified as likely to occur based on the desktop 

assessment are described as having their flowering period corresponding with the survey period. 
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3.1.2.2 Floristic Quadrats and Relevés 

Floristic quadrat (‘quadrat’) and relevé locations were selected using aerial photography, environmental 

values and field observations to represent the vegetation values existing at the site.  The unmarked quadrats 

were 30 m x 30 m, or equivalent area in linear habitats.  Relevés were unmeasured, however, approximately 

the same size area was assessed.   

The following information was collected from within each quadrat sampled: 

 observer 

 date 

 quadrat/site number 

 GPS location (GDA94) of the northwest corner 

 digital photograph (spatially referenced with a reference number), taken from the northwest corner, 

looking diagonally across the quadrat 

 soil type and colour 

 topography 

 list of flora species recorded with the average height and total cover within the quadrat for each species 

 vegetation description (as per below) 

 vegetation condition. 

3.1.2.3 Conservation Significant Flora Searches (Targeted Searches) 

Accessible areas of potentially suitable habitat, as identified during the desktop study, were searched for 

conservation significant flora.   

Grid surveys were not conducted, however, the area was extensively traversed with searches for likely species 

occurring during these traverses. 

3.1.2.4 Range Extensions 

Taxa recorded during the field survey that are outside of their known distribution were identified as range 

extensions.  Known taxa records (WAH 1998-2018) were used as a guide to determine if each taxon recorded 

in the survey area was representative of a range extension (defined as greater than 100 km from nearest 

record) or outlier population. 

3.1.2.5 Introduced Species 

Introduced species (weeds) were recorded during the collection of the overall flora inventory. 

The field survey included searches for WONS and Declared Pest plants.  Their locations and numbers/extents 

were recorded where noted during the field survey, and each WONS or Declared Pest plant species 

photographed. 

3.1.2.6 Vegetation Description and Classification 

Vegetation was described from each of the quadrats using the height and estimated cover of dominant and 

characteristic species of each stratum based on the National Vegetation Information System, recorded at 

Level V (Executive Steering Committee for Australian Vegetation Information [ESCAVI] 2003) (Table 14 and 

Table 15 in Appendix One).  Up to three species per stratum from each stratum (upper, mid and ground) 

were used to formulate vegetation descriptions for each quadrat and each vegetation type.   

Vegetation type descriptions were created by combining quadrat descriptions and modifying, where 

necessary, based on the wider vegetation.  Vegetation codes for these were formulated using the 

characteristic species of the tallest stratum and the vegetation structure e.g. BaDp shrubland refers to 

Banksia ashbyi subsp. boreoscaia and Daviesia pleurophylla tall sparse shrubland. 

Vegetation mapping was conducted in the field by mapping units of similar vegetation (known as vegetation 

types) and hand drawing boundaries onto printed aerial imagery for later digitisation.   
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3.1.2.7 Vegetation Condition and Mapping 

Vegetation condition was assessed continuously throughout the survey area and at each quadrat using the 

Vegetation Condition Scale for the Eremaean Botanical Provinces (EPA 2016c) (Table 16 in Appendix One).   

The main factor influencing vegetation is generally weed cover. 

The spatial extent of the varying vegetation condition was mapped using GIS and vegetation condition maps 

are provided in this report. 

3.1.3 STATISTICAL ANALYSIS 

3.1.3.1 Survey Area Floristic Analysis 

PATN© software (Belbin & Collins 2006) was used to undertake statistical analysis to generate floristic 

groups using the data collected from the quadrats and relevés, in order to better understand local 

significance of floristic units.  PATN analysis has been used for several local floristic analyses including Gibson 

et al. (1994) for the Swan Coastal Plain. 

PATN is a multivariate analysis tool that generates estimates of association (resemblance, affinity, distance) 

between sets of objects described by a suite of variables (attributes), and classifies the objects into groups 

and condenses the information and displays the patterns in the data graphically. 

PATN offers a choice of data transformations prior to multivariate analysis. 

Floristic groups, identified using a dendrogram output of the analysis, are used as a tool to inform vegetation 

type groups at various levels and scales.   

For this analysis, the Kulczynski similarity coefficient was the appropriate association to use as it has proven 

to be a good estimation of association for ecological applications (Belbin & Collins 2006).  This was followed 

by Flexible UPMGA (Un-weighted Pair Group Using Arithmetic Averaging) fusion to produce clusters of 

related objects (species); these are the floristic groups that are displayed as a dendrogram. 

Interpretation of these purely floristic groups into recognisable and mappable on-ground units is a tool used 

to identify broad vegetation types.  Generally, quadrats or relevés that are closely floristically related on the 

dendrogram form identifiable vegetation units, however, as presence-absence data is used in the analysis 

and there is no weighting given to dominant species, at times the floristic groups are not easily related to on-

ground vegetation types.  Vegetation types are therefore determined as a combination of floristic analysis 

and on-ground interpretation using dominant and characteristic species. 

3.1.3.2 Adequacy of Sampling 

In order to demonstrate adequacy of sampling, a species accumulation curve was generated by the software 

Species Diversity and Richness (Pisces Conservation Ltd 2010) using five random selections of sample order, 

and using quadrat data only.  

A taxa by area plot was also created using quadrat and relevé data for the survey area and nearby.  This plot 

gives an indication of relative species richness, and can also provide an indication of survey adequacy. 

Adequacy of sampling is also assessed in terms of representation of various attributes, including vegetation 

types and representation of land systems. 

3.2  FAUNA AND FAUNA HABITAT SURVEY 

3.2.1 GUIDING PRINCIPLES 

The following were taken into account when developing the survey methodology: 

 EPA (2016d) Fauna Technical Guidance 

 background information on the survey area (i.e. desktop assessment, aerial imagery and other data). 

The Fauna Technical Guidance recommends the following for a Level 1 fauna survey: 

 desktop assessment to gather contextual information on the survey area from previous surveys, literature, 

database searches and map-based information 
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 site visit to be conducted to verify the accuracy of the desktop study, delineate and characterise the fauna 

and faunal assemblages present in the survey area 

 survey to include low intensity sampling of fauna and faunal assemblages. 

3.2.2 FAUNA FIELD SURVEY 

The fauna field assessment included identifying fauna habitat, with fauna species identified opportunistically 

based on sightings, calls, remains, diggings and other signs.  Potential habitats for conservation significant 

species were identified and evaluated and their likelihood of occurrence assessed.    

3.2.2.1 Timing of the Field Survey 

The fauna survey was undertaken during 9-14 July 2018.  The season was not optimal for survey, which 

according to the EPA (2016d) Fauna Technical Guidance is in spring (September to November) to ensure 

sampling during peak activity of reptiles, amphibians and birds.  Survey timing for these fauna groups is 

dependent on warm temperatures and/or rainfall events, mammal activity is not dependent on weather and 

is therefore not constrained. 

Despite the suboptimal season of survey according to the Technical Guidance, daytime temperatures were in 

the 25-28° range and where observed, reptiles were moving rapidly and therefore not torpid.   

3.2.2.2 Fauna Habitat Mapping 

Fauna habitat types were assessed continuously throughout the survey and at each observation of fauna, in 

particular when conservation significant species were recorded.  Fauna habitats were described as an area 

which is distinguishable from its surrounding area by its land form, vegetation structure and composition, soil 

characteristics and fauna assemblage that occur in the area.  In addition, the likelihood to harbour specialised 

fauna species which are not found in adjacent areas was taken into consideration.  The spatial extent of each 

habitat type was mapped using GIS. 
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4 RESULTS 

4.1  FLORA AND VEGETATION SURVEY 

The flora and vegetation survey was conducted by Lyn Atkins (Associate Environmental Scientist, senior 

botanist, flora collecting permit SL012268) during 9-14 July 2018. 

Extents detailed in the following sections are not inclusive of the southern survey area. 

4.1.1 VEGETATION  

Seven vegetation types, based on a combination of structural vegetation type as identified in the field and 

floristic grouping (see Appendix Five), were recorded from within the survey area (Table 4).  The extents of 

the vegetation types and representative quadrat locations are shown on Map 4.  Extent calculations do not 

include the southern survey area. 

In summary the following vegetation types were identified from the survey area: 

 coastal zone: 

 AcRp shrubland (Acacia coriacea and Rhagodia preissii shrubland) on stable (hind) beach dunes, 

merging into vegetation type TeSlWa grassland  

 TeSlWa grassland (Triodia epactia, Spinifex longifolius and Whiteochloa airoides grassland) on the 

more stable of the foredunes (above the high water mark) 

 limestone hills of Cape Range: 

 Mc shrubland (Melaleuca cardiophylla shrubland) on the Cape Range limestone slopes and crests.  

This vegetation type was continuous between the main survey area around the Ningaloo Lighthouse 

Holiday Park and Vlamingh Head Lighthouse, and the southern survey area.   

 AbSaAt shrubland (Acacia bivenosa, Senna artemisioides and Acacia tetragonophylla shrubland) in 

gorges on the Cape Range limestone 

 Ab shrubland (Acacia bivenosa shrubland) on the north and west-facing scree slopes of the Cape 

Range, near Vlamingh Head Lighthouse 

 AbFb shrubland (Acacia bivenosa and Ficus brachypoda shrubland) in the interzone between the 

Cape Range and beach; the substrate is frequently beach sand between smooth limestone boulders, 

on the west-facing footslopes of the Cape Range 

 red Pindan dunes: 

 BaDp shrubland (Banksia ashbyi and Daviesia pleurophylla shrubland) on the red Pindan sand dunes, 

associated with both crests and swales. 
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Table 4: Vegetation types 
L
a
n

d
fo

rm
 

Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

B
e
a
c
h

: 
S

ta
b

le
 (

H
in

d
) 

D
u

n
e
s 

AcRp 
shrubland 

Acacia coriacea subsp. 
coriacea and Rhagodia 
preissii subsp. obovata mid 
sparse shrubland/chenopod 
shrubland over Triodia 
epactia and Spinifex 
longifolius low hummock 
grassland/tussock grassland 
 
NVIS 
M+ ^Acacia coriacea subsp. 
coriacea,^Rhagodia preissii 
subsp. 
obovata\^shrub,chenopod 
shrub\3\r;G ^Triodia 
epactia,Spinifex 
longifolius\^hummock 
grass,tussock grass\1\c 

NL1811 
NL1814 
NL1815 

 

*Cenchrus ciliaris 
Commicarpus australis 
Corchorus carnarvonensis 
Corynotheca flexuosissima 
Dampiera incana var. incana 
Indigofera boviperda subsp. boviperda 
Portulaca oleracea 
Scaevola sericophylla 
Solanum lasiophyllum 
Threlkeldia diffusa 
Thysanotus exfimbriatus 
Whiteochloa airoides 

14.88 ha 
13.26% 

B
e
a
c
h

: 
F
o

re
d

u
n

e
s 

TeSlWa 
grassland 

Triodia epactia, Spinifex 
longifolius and Whiteochloa 
airoides low hummock 
grassland/tussock grassland 
 
NVIS 
G+ ^Triodia 
epactia,^Spinifex 
longifolius,Whiteochloa 
airoides\^hummock 
grass,tussock grass\1\c 

NL1816 

 

Acanthocarpus preissii 
Angianthus cunninghamii 
Atriplex sp. 
Corynotheca flexuosissima 
Ipomoea pes-caprae subsp. brasiliensis 
Launaea sarmentosa 
Lotus australis 
Sporobolus virginicus 
Threlkeldia diffusa 

3.39 ha 
3.02% 
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L
a
n

d
fo

rm
 

Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

C
a
p

e
 R

a
n

g
e
: 
L
im

e
st

o
n

e
 

Mc 
shrubland 

Melaleuca cardiophylla mid 
open shrubland over Triodia 
glabra, Triodia angusta and 
Acacia gregorii mid 
hummock grassland/low 
shrubland 
 
NVIS 
M+ ^Melaleuca 
cardiophylla\^shrub\3\i;G 
^Triodia glabra,^Triodia 
angusta,Acacia 
gregorii\^hummock 
grass,shrub\2\c 

NL1804 
NL1805 
NL1806 
NL1808 
NL1817 

 

Acacia bivenosa 
Acanthocarpus humilis 
Corchorus crozophorifolius 
Dampiera incana var. incana 
Eremophila forrestii subsp. capensis 
(P3) 
Eriachne mucronata 
Exocarpos aphyllus 
Grevillea variifolia subsp. variifolia 
Hakea stenophylla subsp. stenophylla 
Hannafordia quadrivalvis subsp. 
recurva 
Heliotropium glanduliferum 
Hibbertia spicata subsp. spicata 
Hybanthus aurantiacus 
Indigofera monophylla 
Labichea cassioides 
Leptosema macrocarpum 
Pterocaulon sphaeranthoides 
Ptilotus nobilis subsp. nobilis 
Solanum lasiophyllum 
Stackhousia umbellata (P3) 
Thysanotus exfimbriatus 
Tribulus suberosus 
Triodia epactia 

42.49 ha 
37.87% 
 
(not 
including 
southern 
survey 
area) 
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L
a
n

d
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Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

C
a
p

e
 R

a
n

g
e
 G

o
rg

e
s:

 L
im

e
st

o
n

e
  

AbSaAt 
shrubland 

Acacia bivenosa, Senna 
artemisioides subsp. 
oligophylla and Acacia 
tetragonophylla mid open 
shrubland over Triodia 
angusta and Scaevola 
tomentosa mid hummock 
grassland/low shrubland 
 
NVIS 
M+ ^^Acacia 
bivenosa,Senna artemisioides 
subsp. oligophylla,Acacia 
tetragonophylla\^shrub\3\i;G 
^Triodia angusta,^Scaevola 
tomentosa\^hummock 
grass,shrub\2\c 

NL1807 
NL1810 

 

Acacia coriacea subsp. coriacea 
Alectryon oleifolius subsp. oleifolius 
*Bidens subalternans var. simulans 
*Cenchrus ciliaris 
Commicarpus australis 
Corchorus carnarvonensis 
Cucumis variabilis 
Cymbopogon ambiguus 
Enchylaena tomentosa 
Erodium cygnorum 
Exocarpos aphyllus 
Ficus brachypoda 
Gossypium robinsonii 
Indigofera monophylla 
Ipomoea costata 
Jasminum sp. Exmouth (G. Marsh 77) 
Ptilotus obovatus 
Scaevola spinescens 
Solanum lasiophyllum 
*Sonchus oleraceus 
Thysanotus exfimbriatus 
Tribulus suberosus 
Zygophyllum retivalve 

0.69 ha 
0.61% 
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L
a
n

d
fo

rm
 

Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

C
a
p

e
 R

a
n

g
e
 S

c
re

e
 S

lo
p

e
: 
L
im

e
st

o
n

e
 

Ab 
shrubland 

Acacia bivenosa mid sparse 
shrubland over Triodia 
angusta mid hummock 
grassland 
 
NVIS 
M ^Acacia 
bivenosa\^shrub\3\r;G+ 
^Triodia angusta\^hummock 
grass\2\c 

NL1809R 

 

Abutilon fraseri 
*Aerva javanica 
*Bidens subalternans var. simulans 
*Cenchrus ciliaris 
Commicarpus australis 
Corchorus carnarvonensis 
Cynanchum viminale 
Enchylaena tomentosa 
Eremophila longifolia 
Euphorbia sharkoensis 
Euphorbia tannensis subsp. eremophila 
Evolvulus alsinoides var. decumbens 
Heliotropium glanduliferum 
Hibiscus leptocladus 
Indigofera monophylla 
Melhania oblongifolia 
Ptilotus clementii 
Ptilotus nobilis subsp. nobilis 
Ptilotus obovatus 
Rhynchosia minima 
Salsola australis 
Solanum lasiophyllum 
Zygophyllum retivalve 

1.58 ha 
1.41% 
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L
a
n

d
fo

rm
 

Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

C
a
p

e
 R

a
n

g
e
/B

e
a
c
h

 I
n

te
rz

o
n

e
: 

L
im

e
st

o
n

e
 

AbFb 
shrubland 

Acacia bivenosa and Ficus 
brachypoda mid sparse 
shrubland over Triodia 
epactia, Triodia glabra and 
Triodia angusta mid 
hummock grassland 
 
NVIS 
M+ ^Acacia bivenosa,Ficus 
brachypoda\^shrub\3\r;G 
^Triodia epactia,Triodia 
glabra,Triodia 
angusta\^hummock 
grass\2\c 

NL1818R 
NL1819R 

 

*Cenchrus ciliaris 
Gossypium robinsonii 
Grevillea variifolia subsp. variifolia 
Indigofera monophylla 
Ptilotus nobilis subsp. nobilis 
Ptilotus obovatus 
Solanum lasiophyllum 

3.27 ha 
2.92% 
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L
a
n

d
fo

rm
 

Mapping 

Unit 
Vegetation Type 

Floristic 

Quadrats 
Representative Photograph Other Characteristic Species 

Area 

(ha) and 

Extent 

(%) of 

Study 

Area 

P
in

d
a
n

 D
u

n
e
s:

 r
e
d

 S
a
n

d
 

BaDp 
shrubland 

Banksia ashbyi subsp. 
boreoscaia and Daviesia 
pleurophylla tall sparse 
shrubland over Triodia 
glabra, Scaevola sericophylla 
and Acacia gregorii mid 
hummock grassland/low 
shrubland 
 
NVIS 
M ^^Banksia ashbyi subsp. 
boreoscaia,^Daviesia 
pleurophylla\^shrub\4\r;G+ 
^Triodia glabra,^Scaevola 
sericophylla,Acacia 
gregorii\^hummock 
grass,shrub\2\c 

NL1801 
NL1802 
NL1803 
NL1812 
NL1813 

 

Acacia bivenosa 
Acacia coriacea subsp. coriacea 
Acacia gregorii 
Acacia sclerosperma subsp. 
sclerosperma 
Acacia spathulifolia 
Bulbostylis barbata 
*Cenchrus ciliaris 
Commelina ensifolia 
Corchorus carnarvonensis 
Corymbia zygophylla 
Duboisia hopwoodii 
Dysphania plantaginella 
Euphorbia tannensis subsp. eremophila 
Grevillea stenobotrya 
Hannafordia quadrivalvis subsp. 
recurva 
Heliotropium glanduliferum 
Indigofera boviperda subsp. boviperda 
Quoya loxocarpa 
Scaevola ?pulchella 
Scaevola sericophylla 
Thysanotus exfimbriatus 
Trichodesma zeylanicum var. 
zeylanicum 
Triodia glabra 

22.21 ha 
19.79% 

Not vegetation    23.68 ha, 21.11% 

Total    112.20 ha 

 

4.1.1.1 Vegetation Significance 

None of the existing vegetation has any formal conservation significance i.e. none is representative of any currently described TEC or PEC. 
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4.1.1.2 Vegetation Condition 

The vegetation of the survey area ranged from Excellent condition to Degraded condition (Table 5), with the 

better condition vegetation (Very Good and Excellent) associated with the limestone soils of the Cape Range 

and the red Pindan dunes east and south of the Holiday Park.  Areas close to the roads, Holiday Park, 

powerline, along the sewerage line from the Holiday Park to the settling ponds to the south, and on the 

coastal side of Yardie Creek Road were in lesser condition, generally rated as such due to the amount of 

Buffel Grass (*Cenchrus ciliaris) in these areas.  The immediate environs of the Holiday Park were not included 

in the survey, and the extents do not include the southern survey area. 

Table 5: Vegetation condition extents  

Vegetation condition Extent (ha) Extent (%) 

Excellent 17.91 15.96 

Very Good 52.53 46.82 

Good 10.85 9.67 

Poor 2.01 1.79 

Degraded 5.21 4.64 

Completely Degraded - - 

Not vegetated (unvegetated coastal dunes, roads, tourist park etc.) 23.68 21.11 

Vegetation condition extents are shown on Map 5. 

4.1.2 FLORA 

A total of 169 vascular flora species were recorded from within the survey area from floristic quadrats, relevés 

and opportunistic observations.  Eight (4.76%) were introduced species.  Ten could not be identified with 

certainty to species level and six were only identified to family level due to insufficient diagnostic 

reproductive (flowering/fruiting) material.  The timing of the field survey, approximately 5 weeks following 

significant rainfall, was optimal for identifying shrub species, however, annual species were largely small and 

had not yet commenced flowering.  Consequently, due to the low probability for accurate identification, they 

were not collected unless there was sufficient diagnostic material, thus there would be additional species 

present in the survey area. 

The families with the highest number of taxa were Poaceae (23 taxa), Fabaceae (22), Malvaceae (14) and 

Asteraceae and Myrtaceae (seven each).  The most commonly recorded genera were Acacia (nine taxa), 

Triodia (five taxa) and Ptilotus and Scaevola (four taxa each).  The most commonly encountered species were 

Solanum lasiophyllum, recorded from 15 of 19 quadrats and relevés, and *Cenchrus ciliaris (Buffel Grass), 

from 12 of 19 quadrats and relevés. 

The flora inventory, presented as a site by species table, is in Table 21 in Appendix Three. 

4.1.2.1 Conservation Significant Flora 

No EPBC Act-listed or WC Act-listed Threatened Flora were recorded in the survey area. 

Six PF species were confirmed as occurring within the survey area, with a seventh species considered likely to 

have been collected although this could not be confirmed due to the lack of diagnostic material.  The PF 

species recorded were: 

 P2: 

 Daviesia pleurophylla 

 Tinospora esiangkara 

 P3: 

 Corchorus ?congener (not confirmed but considered likely) 

 Eremophila forrestii subsp. capensis 

 Grevillea calcicola 

 Stackhousia umbellata 
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 P4: 

 Brachychiton obtusilobus. 

Descriptions of each are provided in Table 6 that follows. 
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Table 6: Priority Flora species recorded from the survey area  

Daviesia pleurophylla   
P

ri
o

ri
ty

 2
 

Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph 

Daviesia pleurophylla is a 
divaricately branched, 
broom-like shrub with 
spinescent branches to 3 m 
high; yellow flowers with 
red/orange centres. 

Occurs on sand dunes.  In the survey 
area it was confined to the red 
Pindan dunes on the east and 
southeast of the survey area  
 
Associated vegetation from 
FloraBase: ‘shrubland as dominant 
species’, ‘with Myoporum 
montanum, Acacia coriacea and 
Grevillea stenobotrya’, ‘with Banksia’. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion. 

Records: Recorded as being a 
continuous population and at 
times codominant species within 
vegetation type BaDp shrubland. 
Population within the survey area 
estimated at over 100 plants; total 
population would be in the 
thousands. 
 
Populations: one continuous 
population 
 
Habitat: Occurs in one vegetation 
type: 

 BaDp shrubland (Banksia 
ashbyi subsp. boreoscaia and 
Daviesia pleurophylla tall 
sparse shrubland) 

 

Tinospora esiangkara    

P
ri

o
ri

ty
 2

 

Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph 

Tinospora esiangkara is a 
climber to 2 m high. 

Occurs primarily on limestone 
outcrops and ridges. Also on red 
clay and (within the survey area) red 
sand. 
 
Associated vegetation from 
FloraBase: Acacia tetragonophylla, A. 
bivenosa, A. xiphophylla, Corymbia 
hamersleyana, Melaleuca 
cardiophylla, Triodia pungens. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion.  Also in 
Northern Territory and Queensland. 

Records: Recorded from two 
locations (estimated two plants). 
 
Populations: two  
 
Habitat: Occurs in two vegetation 
types: 

 BaDp shrubland (Banksia 
ashbyi subsp. boreoscaia and 
Daviesia pleurophylla tall 
sparse shrubland) 

 Mc shrubland (Melaleuca 
cardiophylla shrubland) 
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Corchorus congener    
P

ri
o

ri
ty

 3
 

Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph from FloraBase (WAH 1998) 

Corchorus congener is a 
spreading shrub to  
0.6 m high with yellow 
flowers. 
 
This species was not 
identified with certainty in 
the survey area due to lack 
of reproductive material 
(flowers/fruit), however, it is 
highly likely to be this 
species. 

Occurs on sand and sand over 
limestone.  Within the survey area 
the likely specimen occurred on 
coastal dunes. 
 
Associated vegetation from 
FloraBase: Acacia coriacea, Triodia 
epactia, *Cenchrus ciliaris. 
 
Distribution: Carnarvon and Pilbara 
IBRA regions, Cape Range and 
Hamersley subregions (respectively). 

Records: Recorded from one 
location (estimated two plants). 
 
Populations: one 
 
Habitat: Occurs in one vegetation 
type: 

 AcRp shrubland (Acacia 
coriacea and Rhagodia preissii 
shrubland) 

 

Eremophila forrestii subsp. capensis   
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Description (Brown & 
Buirchell 2011; WAH 2018; 
WAH & DBCA 2018) 

Habitat (Brown & Buirchell 2011; 
WAH 2018; WAH & DBCA 2018) 

Survey results Photograph 

Eremophila forrestii subsp. 
capensis is an erect shrub to 
2 m high with felted grey 
green to yellowish green 
leaves and pink, green 
cream or yellow flowers.   
 
Within the survey area plants 
were generally under 1 m in 
height with variable flower 
colour from pinkish (with or 
without spots) to (less 
commonly) maroon, as 
pictured. 

Occurs on exposed limestone. 
 
Associated vegetation: largely 
undocumented in FloraBase records.  
Broad associated vegetation is 
described as ‘low shrubland’, 
‘amongst mallee over spinifex’, 
‘Spinifex and Eucalypts’. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion. 

Records: Recorded from seven 
locations (estimated 20-30 
plants). 
 
Populations: one 
 
Habitat: Occurs in one vegetation 
type: 

 Mc shrubland (Melaleuca 
cardiophylla shrubland) 
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Grevillea calcicola    
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Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph from Olde & Marriott(1995) 

Grevillea calcicola is a 
straggly tree or shrub to 4 m 
high with cream-white 
flowers. 

Occurs on limestone hilltops. 
 
There are no descriptions of 
associated vegetation in FloraBase. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion. 

Records: Recorded from one 
location (estimated one plant).  
As this species was not flowering 
at the time of survey and the 
sterile plant is similar to other 
Grevillea species it is highly likely 
that additional individuals occur. 
 
Populations: 1 
 
Habitat: Occurs in one vegetation 
type: 

 Mc shrubland (Melaleuca 
cardiophylla shrubland) 

 

Stackhousia umbellata    
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Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph 

Stackhousia umbellata is a 
leafless, spreading perennial 
herb to 0.5 m high with 
yellow flowers.   
 
In the survey area this 
species was up to 0.7 m high 
and usually, but not always, 
emergent from Triodia 
wiseana hummocks. 

Occurs in sandy soils on limestone.  
Within the survey area it occurred 
on limestone rocky areas with 
virtually no loose substrate. 
 
Associated vegetation from 
FloraBase: ‘low shrubland over 
Triodia (Spinifex)’, ‘low trees over 
Spinifex’, ‘Triodia wiseana and 
Dampiera incana, Melaleuca 
cardiophylla low open heath’, 
‘Acacia bivenosa and A. pyrifolia’. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion. 

Records: This species occurred as 
a continuous population in 
exposed limestone on the Cape 
Range (excluding scree or 
disturbed areas).  In any given 
area in the relevant landform this 
species was at a density of 2-20 
plants per 100 m

2
, tending to 

lower densities on coastal, north 
or west-facing slopes.   
 
Populations: continuous on 
exposed limestone. 
 
Habitat: Occurs in one vegetation 
type: 

 Mc shrubland (Melaleuca 
cardiophylla shrubland) 
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Brachychiton obtusilobus    
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Description (WAH 2018; 
WAH & DBCA 2018) 

Habitat (WAH 2018; WAH & 
DBCA 2018) 

Survey results Photograph 

Brachychiton obtusilobus is 
a small tree 3.5-6 m high 
when mature, with cream 
flowers and large star-
shaped fruit.   
 
Within the survey area 
specimens ranged from 
approximately 1.5 m high to 
3-4 m high. 

Occurs on limestone ranges, in 
gorges and occasionally sandplains.  
Within the survey area the species 
was recorded from limestone 
ranges, within minor gorges and on 
exposed limestone ridges often 
above gorges. 
 
Associated vegetation: largely 
undocumented in FloraBase records.  
Broad associated vegetation 
includes ‘low tree and shrub 
vegetation’, ‘open shrub – Triodia 
steppe’, ‘Spinifex and scrub’. 
 
Distribution: Carnarvon IBRA region, 
Cape Range subregion. 

Records: Recorded from four 
locations (five plants). 
 
Populations: one (two 
subpopulations approximately 
375 m apart, separated by a 
significant landscape feature) 
 
Habitat: Occurs in two vegetation 
types: 

 Mc shrubland (Melaleuca 
cardiophylla shrubland) 

 AbSaAt shrubland (Acacia 
bivenosa, Senna artemisioides 
and Acacia tetragonophylla 
shrubland) 

 

 

Threatened and Priority Flora Report Forms are included in Appendix Four. 
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4.1.2.2 Significant Flora  

Recorded flora that are considered significant within the study area and according to the criteria outlined in 

the Flora and Vegetation Technical Guidance (EPA 2016c): 

 Banksia ashbyi subsp. boreoscaia; range edge for the genus Banksia (except for tropical species) and for 

this species and subspecies 

 Hibbertia spicata subsp. spicata; part of a known disjunct population, separated from the main southwest 

distribution by approximately 500 km 

 Olax aurantia; part of a known disjunct population, separated from the main southwest distribution by 

approximately 500 km  

 Owenia reticulata; range extension of over 100 km (according to the distribution illustrated on 

NatureMap, DPAW 2007-2018) 

 Paraneurachne muelleri; range extension of over 100 km 

 Synostemon rhytidospermus; range extension of over 100 km. 

None of the above are of conservation significance. 

4.1.2.3 Flora of Taxonomic Interest 

No flora species collected from within the survey area are of any specific taxonomic interest.   

Due to the survey area location many species are at the northern, southern or western extremity of their 

natural range and as such their physiological features are also at the extremity of their range (e.g. size and 

shape of features, degree of hairiness).   

Only one taxon was considered as potentially of taxonomic interest.  Alyogyne aff. pinoniana, as it is known 

in this report, exhibited only slightly lobed leaves, whereas most specimens of Alyogyne pinoniana sensu 

stricto housed in the Western Australian Herbarium exhibited more deeply divided, crenulate-margined 

leaves.  One specimen in the Herbarium, also from Cape Range (J. English 204), was considered to match the 

specimens collected during this survey suggesting there may be variation within the species confined to this 

area. 

4.1.2.4 Taxonomic Note 

This report incorporates taxonomy as currently listed on FloraBase (Western Australian Herbarium 1998-

August 2018).  Accordingly, one of the Triodia species occurring within the survey area has been listed as T. 

schinzii within this report, however, according to the taxonomy in SpiKey (Barrett et al. 2018) is more 

accurately known as T. avenoides.  T. avenoides, in SpiKey, is described as being endemic to sandy soils in the 

western Pilbara and Carnarvon bioregions.   

There is no conservation significance accorded to either taxa. 

4.1.2.5 Introduced Flora 

The immediate environs of the Ningaloo Lighthouse Holiday Park was not included in the survey. 

Eight introduced flora species (weeds), representing 4.76% of the total flora species, were recorded during 

the field survey.  Buffel Grass (*Cenchrus ciliaris) was the most commonly recorded introduced species 

occurring in 12 of 19 quadrats and relevés, and was a major contributor to vegetation condition assessment 

of Very Good being the highest (best) vegetation condition score recorded for all areas near the Holiday Park 

and near roads and other infrastructure. 

One Declared Pest plant and WONS species was recorded; a single *Tamarix aphylla clump (most likely a 

single, large plant, Plate 1) was recorded on the beach north of the Holiday Park.  It is unknown if this was 

deliberately planted, however, given its position at the end of a minor creek draining from the nearby 

Holiday Park where this species is the most common planted shade tree and wind break, it is likely to have 

invaded the area.  However, despite being listed as a Declared Pest and WONS weed, there are no 

management requirements. 
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None of the other recorded introduced species have any specific significance i.e. they are not Declared Pest 

plants or WONs species. 

According to DPaW’s (2016) Weed Prioritisation Process for (DBCA) Pilbara region, the introduced species 

recorded from the survey area have the following attributes: 

 *Aerva javanica: High ecological impact, Rapid invasiveness 

 *Bidens subalternans var. simulans: not listed.  Other Bidens species are Unknown ecological impact, 

Rapid invasiveness. 

 *Cenchrus ciliaris: High ecological impact, Rapid invasiveness 

 *Unidentified succulent: not able to determine similar species but unlikely to be significant for ecological 

impact or invasiveness (Plate 2) 

 *Passiflora foetida: High ecological impact, Rapid invasiveness 

 *Phoenix dactylifera: High ecological impact, Rapid invasiveness 

 *Sonchus oleraceus: Low ecological impact, Rapid invasiveness 

 *Tamarix aphylla: High ecological impact, Rapid invasiveness. 

  

Plate 1: *Tamarix aphylla Plate 2: *Unidentified succulent 

Weed locations are shown on Map 5. 

4.1.3 BOTANICAL LIMITATIONS 

Survey design: Single phase, quadrat-based flora and vegetation survey with extensive traverses through the 

survey area searching for conservation significant flora.   

Survey type: Detailed flora and vegetation survey with extensive searches for conservation significant flora 

searches conducted over a single phase.  Where possible (except for scree sites where it was unsafe to 

traverse and areas with only a small extent), at least three quadrats or detailed relevés were recorded per 

vegetation type. 

Type of vegetation classification system: Vegetation classified at NVIS Level V (ESCAVI 2003) using largely 

structural vegetation types defined using dominant and characteristic species and vegetation structure as 

recorded during the field surveys.  Floristic analysis was used to identify major floristic groups and outlier 

groups of floristic interest. 

Table 7: Botanical limitations 

Possible limitations 
Constraints (yes/no): 
Significant, moderate 
or negligible 

Comment 

Availability of contextual information 
at a regional and local scale 

Moderate 

There were few references to flora and vegetation 
surveys that have been conducted in the general 
vicinity, and to Ecoscape’s knowledge none have 
been conducted in areas corresponding with the 
survey area.   
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Possible limitations 
Constraints (yes/no): 
Significant, moderate 
or negligible 

Comment 

Competency/experience of the team 
conducting the survey, including 
experience in the bioregion surveyed 

Negligible 

The botanist conducting the field survey has over 30 
years’ experience conducting flora and vegetation 
surveys in Western Australian Wheatbelt, although 
has conducted only one previous survey in the 
Exmouth area. 

Proportion of the flora recorded 
and/or collected, and any identification 
issues 

Negligible 

A total of 169 flora taxa were recorded during the 
field survey of which only 16 (9.5%) were not 
identifiable due to lack of reproductive material. 

Although this is a relatively high proportion of 
unidentified taxa, a significant number were annual 
grasses that had not yet flowered and at least two 
are likely to be uncommon forms of otherwise 
common species, but without reproductive material 
this could not be confirmed. 

None of the unidentified species are similar to any 
currently defined conservation significant species. 

The total of 169 taxa is a significant portion 
(approximately 50%) of all previous records from the 
survey area (196 vascular flora species are listed as 
having previously been recorded from within a 10 
km search radius of the survey area using a 
NatureMap search; approximately 100 of these were 
recorded during this survey). 

Was the appropriate area fully 
surveyed (effort and extent) 

No 

The survey area was covered sufficiently to develop a 
thorough understanding of the flora and vegetation.  
Three relevés were recorded rather than floristic 
quadrats due to safety considerations (one on scree 
slopes) and two due to time constraints; these areas 
also did not have three quadrats/relevés recorded 
within them, however, are unlikely to be developed 
thus is not considered a constraint.  Additionally, one 
vegetation type that was only identified as unique 
following floristic analysis had only one quadrat 
recorded within it.  This area will not be developed 
as it is immediately above the high water mark, thus 
is also not considered a constraint. 

However, the survey effort in these areas was 
sufficient to accurately detail the vegetation and 
floristic composition. 

Access restrictions within the survey 
area 

No 
All remnants within the potential impact area were 
fully accessible.   

Survey timing, rainfall, season of 
survey 

Negligible 

The field survey was conducted in July which is 
outside the season considered optimal for survey in 
the Carnarvon bioregion.  However, there was little 
summer rainfall, but significant rain in the period 
leading up to the field survey (Figure 3), and most 
perennial species were flowering. 

Most annual species had not yet commenced 
flowering and are underrepresented in the flora 
inventory, however, none of the conservation 
significant species likely to occur, as identified by the 
database searches of previous records, are annuals 
thus constraints relating to this aspect are 
considered negligible. 

Disturbance that may have affected 
the results of the survey e.g. fire, flood, 
clearing 

No 
There were no recent disturbances that could have 
affected the survey.   
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Figure 3: Rainfall deciles for the month prior to the field survey (left) and 6 months prior to June (BoM 2018b) 
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4.2  FAUNA SURVEY 

4.2.1 FAUNA HABITAT 

Five fauna habitat types were recorded from within the survey area, described in Table 8.  None of the habitat types are confined to the survey area and all 

occur commonly in areas adjacent to the survey area.  The most confined of these habitat types are those associated with the red Pindan dunes, that while 

occupying an estimated 3,500 ha in the local area (including approximately 22 ha within the survey area), are isolated by at least 40 km from the nearest 

similar habitat type. 

Table 8: Fauna habitat type descriptions 

Habitat type Description Photo 

Dune crest 

The eastern and south eastern portion of the 
survey area, east of the Cape Range, was occupied 
by red sand dunes, known as Pindan dunes, of 
aeolian origin.  The dune crests formed roughly 
parallel north-south ridges and were vegetated 
with low shrubs and Spinifex (Triodia) hummock 
grasses with extensive bare areas.  Except directly 
under more dense shrubs, and within the Spinifex 
hummocks, there is virtually no leaf litter, and due 
to the lack of trees, no logs are present. 

The dune crests formed significant habitat for 
some of the reptile assemblage, including Aprasia 
rostrata (Ningaloo Worm-lizard, P3) and birds, 
particularly when Banksia ashbyi is flowering. 

 

Extent: 3.61 ha 
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Habitat type Description Photo 

Dune swale 

The red Pindan dune swales of the eastern and 
south eastern portion of the survey area were 
vegetated largely by Spinifex (Triodia) hummock 
grasses, with varying cover of low to medium (less 
than 2 m high) shrubs (and rarely mallees) and 
extensive bare soil areas.  Except directly under 
more dense shrubs, and within the Spinifex 
hummocks, there is virtually no leaf litter.  Low 
trees or mallees are only very sparsely present thus 
there are no logs in most areas, and only very 
small logs in the mallee patches.   

The dune swales formed significant habitat for 
some of the reptile assemblage including 
Ctenophorus species (Dragon Lizards) and Aprasia 
rostrata (Ningaloo Worm-lizard, P3).  The 
occasional mallee provided habitat for the smaller 
bird species.  

 

Extent:  17.89 ha  

Rocky hills and 
slopes 

The rocky hills and slopes of the Cape Range, with 
extensive areas of exposed limestone and loose 
limestone rocks, were vegetated largely by low 
shrubs and Spinifex (Triodia) hummock grasses.  
Leaf litter is almost entirely absent and there are 
no logs present in this habitat. 

The loose limestone rocks provide significant 
habitat for much of the reptile assemblage 
including Diplodactylus capensis (Cape Range 
Stone Gecko, P2). 

 

Extent: 47.14 ha 
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Habitat type Description Photo 

Sheltered gullies and 
minor caves 

The rugged limestone Cape Range had a small 
number of sheltered gullies that included minor 
caves, providing shaded habitat for fauna species.  
Minor caves also occurred around the knoll with 
the Vlamingh Head Lighthouse.  The vegetation 
within these gullies included taller shrubs and 
small trees (e.g. Acacia tetragonophylla, Ficus 
brachypoda), as well as low shrubs and Spinifex 
(Triodia) hummock grasses.  Leaf litter was present 
in some of the more sheltered areas, not including 
the minor creeklines that formed these gullies. 

The sheltered gullies, and in particular the minor 
caves, provided habitat for reptiles including 
Lerista allochira (Cape Range Slider, P3) and 
Diplodactylus capensis (Cape Range Stone Gecko, 
P2), and small mammals including 
Pseudantechinus roryi.  In areas more isolated 
from human contact, the gullies would provide 
habitat for Petrogale lateralis (Black-flanked Rock 
Wallaby, EN), however, the Wallaby was not 
present within the survey area. 

 

Extent: 1.19 ha 

 

Coastal dunes 

The coastal dunes are largely stable and vegetated 
with hummock grasses (most frequently Soft 
Spinifex, Triodia epactia) with occasional Coastal 
Spinifex (Spinifex longifolius) and dense clumps of 
shrubs (Acacia coriacea, Ficus brachypoda, 
Rhagodia preissii).  Bare areas of white beach sand, 
including exposed dune slopes, also occur 
commonly in the more windy areas, close to the 
beach and where human foot traffic has caused 
erosion.  There is virtually no leaf litter present, 
except under the dense shrubs and within grass 
hummocks and tussocks. 

The coastal dunes provide habitat for a significant 
portion of the reptile assemblage including Aprasia 
rostrata (Ningaloo Worm-lizard, P3). 

 

Extent: 27.72 ha 
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4.2.2 FAUNA ASSEMBLAGE 

Forty six vertebrate fauna species, listed in Table 9, were recorded during the field survey from opportunistic 

observations, during targeted searches, motion camera records and secondary signs, consisting of six 

mammals (three introduced), 28 birds and 12 reptiles.  Of these, two were of conservation significance: 

 Pandion haliaetus (Osprey, protected under international agreements), observed flying over the 

lighthouse and perched on a pole at the Holiday Park 

 Lerista allochira (Cape Range Slider, P3), observed close to the edge of the survey area on the western 

side of Cape Range.  

Table 9: Recorded fauna species 

Species Common name Cons. Code Naturalised 

Mammals 
   Felis catus Feral Cat   Y 

Oryctolagus cuniculus Rabbit   Y 

Osphranter robustus Euro     

Ovis aries Sheep   Y 

Pseudantechinus roryi       

Tachyglossus aculeatus Short-beaked Echidna     

Reptiles 
   Gehyra pilbara Pilbara Dtella     

Lerista allochira  Cape Range Slider P3   

Lerista bipes North-western Sandslider     

Lerista elegans Elegant Slider     

Lerista macropisthopus subsp. fusciceps Unpatterned Robust Slider     

Lerista miopus Northern Dotted-line Robust Slider     

Lerista planiventralis Keeled Slider     

Menetia greyii Common Dwarf Skink     

Morethia lineoocellata West Coast Morethia Skink     

Morethia ruficauda subsp. exquisita Lined Firetail Skink     

Notoscincus ornatus Ornate Soil-crevice Skink     

Simoselaps bertholdi Jan's Banded Snake     

Birds 
   Aquila audax Wedge-tailed Eagle 

  Calamanthus campestris Rufous Fieldwren 
  Chroicocephalus novaehollandiae Silver Gull 
  Chrysococcyx basalis Horsefield's Bronze-cuckoo 
  Circus assimilis Spotted Harrier 
  Coracina novaehollandiae Black-faced Cuckoo-shrike 
  Corvus orru Torresian Crow 
  Cracticus nigrogularis Pied Butcherbird 
  Dromaius novaehollandiae Emu 
  Elanus axillaris Black-shouldered Kite 
  Emblema pictum Painted Finch 
  Falco berigora Brown Falcon 
  Falco cenchroides Australian Kestrel 
  Gavicalis virescens Singing Honeyeater 
  Haliastur sphenurus Whistling Kite 
  Lalage tricolor White-winged Triller 
  Lichmera indistincta Brown Honeyeater 
  Malurus leucopterus White-winged Fairy-wren 
  Manorina flavigula Yellow-throated Miner 
  Merops ornatus Rainbow Bee-eater 
  Pandion haliaetus Eastern Osprey IA 
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Species Common name Cons. Code Naturalised 

Pardalotus rubricatus Red-browed Pardalote 
  Pardalotus striatus Striated Pardalote 
  Poodytes carteri Spinifexbird 
  Ptilonorhynchus guttatus Western Bowerbird 
  Rhipidura leucophrys  Willie Wagtail 
  Stipiturus ruficeps Rufous-crowned Emu-wren 
  Taeniopygia guttata Zebra Finch 
  

Fauna locations are included in Table 22 in Appendix Seven. 

4.2.3 FAUNA SURVEY LIMITATIONS 

The limitations of the Level 1 fauna survey are summarised in Table 10 below.  There were no or negligible 

constraints in relation to survey adequacy. 

Table 10: Fauna survey limitations 

Possible limitations 

Constraints 
(yes/no): 

Significant, moderate 
or negligible 

Comment 

Competency/experience of the consultant 
conducting the survey 

No 
The fauna field surveyor was experienced with the 
fauna survey methods used and with the 
identification of fauna taxa. 

Scope (what faunal groups were sampled 
and were some sampling methods not 
able to be employed because of 
constraints such as weather conditions). 

No 

The survey was conducted as a Level 1 fauna 
assessment.  Sufficient time was allocated to the 
fauna survey, which included active diurnal 
searches, a nocturnal search and motion cameras, 
to adequately describe the fauna assemblage 
present in the survey area. 

Proportion of fauna identified, recorded 
and/or collected. 

No 
All fauna species opportunistically observed were 
identified in the field. 

Sources of information (previously 
available information as distinct from new 
data). 

Negligible 

Few sources referencing field surveys in the 
vicinity were available.  None to negligible 
constraints were associated with this lack of 
previous data.  

The proportion of the task achieved and 
further work which might be needed. 

No The survey area was adequately searched. 

Timing/weather/season/cycle. Negligible 

The timing of the field survey was within a period 
suitable to identify most components of the 
expected fauna assemblage, if they were present 
on site.  A small number of expected species, 
including Diplodactylus capensis (Cape range 
Stone Gecko, P2) were not active as temperatures 
were not sufficiently high, however, this constraint 
is considered negligible.  

The seasonal conditions were suitable for fauna 
survey with warm daytime temperatures and fine 
weather during the survey period. 

Disturbances which affected results of the 
survey (e.g. fire, flood, accidental human 
intervention). 

Negligible 

One motion camera was moved by human 
intervention.  However, the camera’s location in a 
position close to human use (lighthouse lookout) 
would have restricted the suite of fauna present, 
thus this constraint is negligible to none. 

Intensity (in retrospect was the intensity 
adequate). 

No 
The survey was considered suitable to determine 
the presence or potential presence of 
conservation significant fauna. 

Completeness (e.g. was relevant area fully 
surveyed), remoteness and/or access 
problems 

No 
The entire survey area was adequately searched 
and was entirely accessible. 
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Possible limitations 

Constraints 
(yes/no): 

Significant, moderate 
or negligible 

Comment 

Resources (e.g. degree of expertise 
available in animal identification to taxon 
level). 

No 
Field staff has over 10 years’ experience 
identifying fauna.  All terrestrial vertebrate fauna 
were identified to species level. 

Availability of contextual (e.g. 
biogeographic) information on the 
region). 

Negligible 

Few fauna surveys appear to have been 
conducted in the general region i.e. the Cape 
Range subregion of the Carnarvon IBRA region.  
However, there is 1990s literature available 
describing the suite of species present at that 
time, giving context to the discussion in this 
report. 

Efficacy of sampling methods (i.e. any 
groups not sampled by survey methods). 

No 

The survey was conducted as a Level 1 fauna 
assessment.  All fauna species opportunistically 
observed were identified in the field. 

The survey did not include marine or 
subterranean species, nor invertebrates. 
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5 DISCUSSION 

5.1  VEGETATION SIGNIFICANCE 

Seven vegetation types were recorded as occurring within the survey area, corresponding with three major 

habitat types. 

5.1.1 COASTAL ZONE VEGETATION 

Two vegetation types were recorded from the white beach sands in the coastal zone.  One occurred on the 

foredunes above the high water mark (TeSlWa grassland; Triodia epactia, Spinifex longifolius and 

Whiteochloa airoides grassland); the other occurred on the taller stable hind dunes (AcRp shrubland; Acacia 

coriacea and Rhagodia preissii shrubland).  Both were observed to occur commonly on the northern and 

western shores of the North West Cape peninsula outside the survey area.  Similar vegetation is considered 

to be widespread and has been reported from near Learmonth (360 Environmental 2017), adjacent to 

Exmouth (Astron Environmental Services 2009), to a degree, near the entrance to the Cape Range National 

Park (Pit One; Meissner 2010a), and along the coast to the west of Cape Range (Pringle 1987).   

Neither of the recorded vegetation types have any conservation significance i.e. they are not representative 

of any currently described TEC or PEC, nor are they considered to have any regional or local significance.  

These vegetation types are represented within the conservation estate in Jurabi Coastal Park and Cape Range 

National Park. 

5.1.2 VEGETATION OF THE LIMESTONE HILLS OF CAPE RANGE 

Four vegetation types were recorded from the limestone hills of Cape Range.  The most commonly occurring 

vegetation type is Mc shrubland (Melaleuca cardiophylla mid open shrubland) on the Cape Range limestone 

slopes and crests, including the southern survey area and between this and the main survey area.  Similar 

vegetation is considered to be widespread and has been reported within the Cape Range (Meissner 2010a; 

2010b). 

Two vegetation types are restricted in extent due to their association with landforms that are restricted in 

extent.   

Vegetation type AbSaAt shrubland (Acacia bivenosa, Senna artemisioides subsp. oligophylla and Acacia 

tetragonophylla shrubland) was recorded from minor gorges in the Cape Range limestone.  The gorges 

within the survey area are small and offer only a limited amount of shelter.  All characteristic species are 

common within the broader landform, and gorges of various significance are widespread within the Range 

(Meissner 2010b), and were observed as commonly occurring adjacent to the southern survey area (Plate 3).   

Vegetation type Ab shrubland (Acacia bivenosa shrubland) occurs on the north and west-facing scree slopes 

near Vlamingh Head Lighthouse.  Essentially this vegetation type is a somewhat species-poor version of  

Mc shrubland and, while of restricted extent, is considered widespread within Cape Range. 

These vegetation types would be represented within the conservation estate in Cape Range National Park.  

The gorges have been reported as having diverse floristics (Pringle 1987), and herein are considered locally 

significant for that reason. 

Vegetation type AbFb shrubland (Acacia bivenosa and Ficus brachypoda shrubland) occurs in the interzone 

between the Cape Range and beach, and is described as being in the Jurabi Terrace System by Pringle (1987).  

Pringle’s dissertation made no further reference to vegetation of this landform having any floristic 

significance, and it is likely that this landform and therefore similar vegetation occurs along the western face 

of the Range into Cape Range National Park. 

None of the recorded vegetation types have any formal conservation significance, and although endemic to 

the Cape Range, are considered to be widespread within and adjacent to the Range that extends for 

approximately 80 km to the south.  These vegetation types are represented within the conservation estate in 

the Cape Range National Park. 
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Plate 3: Minor gorges from the southern survey area 

5.1.3 VEGETATION OF THE RED PINDAN DUNES 

A single vegetation type, recorded from the red Pindan dunes (Plate 4) on the east and southeast of the 

survey area, BaDp shrubland (Banksia ashbyi and Daviesia pleurophylla shrubland), is substantially similar to 

described vegetation from the same area in other documents (Keighery & Gibson 1993; Meissner 2010a; 

2010b; Pringle 1987).   

Although this vegetation type does not have any formal conservation significance, all previous surveys that 

have included this landform and the vegetation upon it have considered the vegetation to be of significance 

for various reasons including it being confined to a restricted landform (Meissner 2010a; 2010b), or having 

unique floristic composition (Keighery & Gibson 1993; Pringle 1987).   

Red sand dunes occur to the south of survey area, however, Meissner (2010b) contends that these northern 

dunes have a different floristic composition to the southern dunes.  She reports that the northern dunes are 

represented by a small (approximately 50 ha) area within the Jurabi Coastal Park but is otherwise not 

protected and corresponds with UCL. 

Ecoscape concurs with these assessments of significance and consider this vegetation type to be at least 

locally and potentially regionally significant.  It may also be significant as habitat for Daviesia pleurophylla 

(P2). 
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Plate 4: Red Pindan dunes 

5.1.4 VEGETATION CONDITION 

The vegetation ranged in condition from Degraded, in areas close to roads and the powerline, to Excellent 

with no obvious signs of disturbance.   

Sandy soils tended to have the lesser vegetation condition ratings, with the best recorded condition being 

Very Good due to weed invasion.  Buffel Grass (*Cenchrus ciliaris) is the main cause of vegetation condition 

being recorded as Very Good or lesser condition. 

The limestone hills and crests of the survey area, except where adjacent to areas of human disturbance, 

appeared to be more resistant to the invasion of Buffel Grass, except in localised areas including gorges that 

have areas of softer, sandy soil.  Buffel Grass, *Bidens subalternans var. simulans, Stinking Passion Flower 

*Passiflora foetida and Common Sowthistle *Sonchus oleraceus were recorded from gorges.  There is a 

sewerage pipe from the Holiday Park to the nearby evaporation ponds; this localised area was also 

associated with weed invasion and was in lesser condition than the surrounding area.  Kapok Weed (*Aerva 

javanica), Buffel Grass and Common Sowthistle *Sonchus oleraceus were recorded adjacent to the pipeline. 

5.2  FLORA SIGNIFICANCE 

A total of 169 vascular flora species were recorded from the survey area, including 10 that could not be 

identified with certainty due to lack of reproductive material.  The species accumulation curve using quadrat 

and relevé data indicates that additional species would have been recorded with additional survey, however, 

the Bootstrap calculation indicates that, when taking opportunistic observations into account, most species 

would have been recorded.  Ecoscape acknowledges that additional annual species would occur within the 

survey area, however, none of the species potentially occurring are likely to be of significance. 

A NatureMap (DPAW 2007-2018) search of all flora species using a 10 km buffer around the survey area 

identified 210 flora species have been recorded from within the NatureMap search area.  Of these, 11 are 

seaweeds and four are listed twice (sens. lat. and subtaxa), therefore 196 vascular flora species are known to 

occur (i.e. have been collected and vouchered with the Western Australia Herbarium) within the vicinity of the 

survey area.  None are endemic to the search area.   

Of Ecoscape’s 169 vascular flora species, approximately 100 of these are represented in the NatureMap list 

and approximately 60 are new collections, indicating the adequacy of this brief survey in relation to previous 

surveys (noting that not all of these new collections will be submitted to the herbarium for vouchering as not 

all meet the required standards due to inadequate material or are common species adequately represented 

overall). 
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5.2.1 CONSERVATION SIGNIFICANT FLORA SPECIES 

No TF species listed for protection under the Commonwealth EPBC Act or Western Australian WC Act were 

recorded from the survey area.  No TF species were identified as being known to occur within 50 km of the 

survey area, therefore no TF species were likely to occur within the survey area. 

Six PF species were identified with certainty from within the survey area, and a seventh highly likely but could 

not be confirmed due to lack of reproductive material: 

 Daviesia pleurophylla (P2), which was a dominant and characteristic species on the red Pindan dunes; see 

below for discussion regarding this species. 

 Tinospora esiangkara (P2), which was recorded from two locations (two plants), one on the red Pindan 

dunes and one on the western face of Vlamingh Head, in exposed limestone.  See discussion below. 

 Corchorus ?congener (P3, not confirmed but considered likely) was recorded from one location on coastal 

dunes.  This species is represented by 140 records on NatureMap and has a southwest-northeast 

distribution of approximately 475 km. 

 Eremophila forrestii subsp. capensis (P3) occurred occasionally, generally in small groups of 2-6 plants, on 

exposed limestone.  This taxon is represented by eight records on NatureMap, all of them on the North 

West Cape, with a north-south distribution of approximately 50 km.   Six of these records are located 

within the conservation estate.  

 Grevillea calcicola (P3) was recorded from one quadrat on exposed limestone; this species was not 

flowering at the time of survey and additional plants are likely to occur in similar areas.  Grevillea calcicola 

has a north-south distribution of approximately 70 km, and approximately half of the 15 NatureMap 

records are from within the conservation estate or lands that are of conservation interest and have 

potential to be added to the conservation estate in the future.  It has been previously recorded from 

within the survey area. 

 Stackhousia umbellata (P3) was a characteristic species from areas of exposed limestone and, in any given 

area within the habitat range, occurred at a density of 2-20 plants per 100 m
2
.  There are 15 records of 

this species listed on NatureMap, all except one from the North West Cape Peninsula within an 

approximate 110 km north-south range, with an outlier record from the Dampier Archipelago 

approximately 280 km to the northeast.   

 Brachychiton obtusilobus (P4) occurred on limestone, generally close to or within minor gorges but in the 

more exposed parts.  Thirteen records of this species are listed on NatureMap, all from within the North 

West Cape peninsula, within an approximate 60 km north-south range.  Approximately half are located 

within conservation estate. 

Of these, the two P2-listed species are considered the most significant and are discussed below. 

Daviesia pleurophylla (P2) 

Daviesia pleurophylla is known from seven records listed on NatureMap (DPAW 2007-2018), and has a north-

south distribution of approximately 70 km.  Five of these records are from within 8 km of the survey area.  All 

records with collecting information confirm that this species occurs on red dunes. 

According to Meissner (2010b) red dunes are largely not included in the conservation estate (although a 

small extent is apparently within the Jurabi Coastal Park) therefore species restricted to this landform are 

unlikely to be significantly represented within the conservation estate.  One of the NatureMap records is 

located within conservation estate; a 1970 collection from near Yardie Creek (in an area that, on aerial 

imagery, appears to be red sand dunes although Meissner (2010b) contends that these dunes are floristically 

different).  There is no record of how many plants were in the population and it is unknown if this 

plant/population is still extant.   

However, the overall lack of records of this species implies that, as well as being poorly known and under-

represented within the conservation estate, this species is likely to be geographically restricted and also of 

significance for that reason.  
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Tinospora esiangkara (P2) 

Tinospora esiangkara is represented by nine records on NatureMap (DPAW 2007-2018), all within a 30 km 

north-south range on the North West Cape peninsula, although this record would extend this range by 

approximately 20 km.  Only one of the NatureMap records is associated with the conservation estate. 

Two plants of this species were recorded during this survey; one within a floristic quadrat on red Pindan sand 

and one during targeted searches (site traverses) on limestone, although it is possible that additional plants 

occur as the plant itself is not significant or showy, and is similar in structure to other climbing species within 

the survey area.   

Of the vouchered specimens of Tinospora esiangkara, only two location records have plant numbers listed 

(one plant and three plants), suggesting that it is sparsely distributed where it occurs, as was observed during 

this survey.  Meissner (2010a; 2010b) recorded this species in her surveys on the North West Cape peninsula 

and comments in her survey reports also suggest that this species is sparsely distributed where it occurs.  

However, no specimens from her surveys have been vouchered. 

This species also occurs in the Northern Territory, in Kakadu National Park and Arnhem Land, and in 

Queensland from Cooktown and northwards, including on Torres Strait islands. 

5.2.2 OTHER CONSERVATION SIGNIFICANT SPECIES 

A number of other conservation significant flora species were considered to have a ‘Possible’ likelihood of 

occurring within the survey area based on their known distribution, habitat as described on FloraBase and in 

specimen records (WAH 1998-2018) and habitat available within the survey area (Table 17 in  

Appendix Two), but were not recorded during the field survey.  While it is possible that these occurred but 

were overlooked, most are not known to occur within 10 km of the survey area (Acanthocarpus rupestris, 

Harnieria kempeana subsp. rhadinophylla, Tephrosia sp. North West Cape (G. Marsh 81) (all P2), Acacia 

alexandri (P3)) thus, although possible are less likely to occur, or if they do, are more likely to occur only 

sparsely.   

One species, Phyllanthus fuernrohrii (P3), has previously been recorded within 10 km of the study area and, 

based on the factors used for the likelihood assessment, has a higher probability of occurring.  However, the 

records from close to the survey area are from the 1960s, thus this species has not been recently recorded 

from within the vicinity of the survey area.  NatureMap (DPaW 2007-2018) shows an approximate 470 km 

north-south distribution from Dirk Hartog Island northwards to North West Cape and its absence from the 

survey area is unlikely to be of significance. 

5.2.3 OTHER SIGNIFCANT FLORA SPECIES 

The vascular flora of the area is known to have both southern, temperate and eremaean, arid and semi-arid, 

affinities (Keighery & Gibson 1993), and many species from either of these zones are at either the northern 

(for southern species) or southern (for eremaean species) end of their natural range.  Geographically, all 

species are at the western extent of their distribution due to the survey area location.  Physical characteristics 

of many species, including attributes such as leaf size and shape, and the amount of hairiness of some 

species, were also at the extremes of their recorded physiological ranges.  Consequently many species were 

compared with a range of specimens within the Western Australian Herbarium to confirm their identity.   

Notwithstanding the above, species that can be considered of greatest significance according to the EPA 

(2016c) Flora and Vegetation Technical Guidance are: 

 Alyogyne aff. pinoniana, as it is known in this report, is of significance as it displays anomalous features in 

respect to its leaf shape.  The only other record of this taxon sensu. stricto. in the Western Australian 

Herbarium from the vicinity also displays these anomalous features, thus it is possible that there may be 

sufficient taxonomic variation to suggest that it may be a new species or subtaxon. 

 Banksia ashbyi subsp. boreoscaia; the genus Banksia consists largely of temperate species, with a few from 

the arid zone and tropical areas including eastern Australian rainforests, northern Australia and New 

Guinea (Australian National Botanic Gardens & Centre for Australian National Biodiversity Research 2015).  
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This taxon represents the most northern extent of the temperate Banksias in Western Australia (red arrow 

on Figure 4).  

 Hibbertia spicata subsp. spicata; this species occurs as part of a known disjunct population, separated 

from the main southwest distribution by approximately 500 km.  Within the survey area it was a 

widespread and characteristic species of the shrublands on limestone. 

 Olax aurantia; the records from the North West Cape peninsula form a known disjunct population, 

separated from the main southwest distribution by approximately 500 km; this species was sparsely 

distributed on the red Pindan dunes 

 Owenia reticulata, this is the first record from the peninsula and a range extension of over 100 km to the 

nearest record on NatureMap (DPaW 2007-2018).  It was sparsely distributed on the red Pindan dunes.  

 Paraneurachne muelleri; this is the first record of this wide-ranging species from the peninsula and a 

range extension of over 100 km.  It was recorded from one quadrat on limestone. 

 Synostemon rhytidospermus; range extension of over 100 km.  It was observed occurring sparsely in 

cracks on limestone slopes, in shrubland vegetation. 

 Only one taxon was considered as potentially of taxonomic interest.  Alyogyne aff. pinoniana, as it is 

known in this report, exhibited only slightly lobed leaves, whereas most specimens of Alyogyne pinoniana 

sensu stricto housed in the Western Australian Herbarium exhibited more deeply divided, crenulate-

margined leaves.  One specimen in the Herbarium, also from Cape Range (J. English 204), was considered 

to match the specimens collected during this survey suggesting there may be variation within the species 

confined to this area. 

 

 

Figure 4: Banksia distribution (Atlas of Living Australia 2018) 

 

5.3  FAUNA 

5.3.1 FAUNA HABITAT SIGNIFICANCE 

Five fauna habitat types were recorded from within the survey area, consisting of two types on the red 

Pindan dunes (dune crest and swale), two types on limestone (rocky hills and slopes, and sheltered gullies 

and minor caves), and coastal dunes.   

Each of these habitat types suits various suites of reptiles, mammals and birds. 

Beaches were not included in the survey area, nor shoreline rocks/reef areas.  Many of the conservation 

significant species (birds) identified from the database searches as having been recorded within the vicinity of 

the survey area are listed as being protected under international agreements (Table 20 in Appendix Two).  

These are unlikely to land within the survey area itself as most species are shorebirds, only landing on 

beaches, or would only overfly the area to get to the shoreline.  None would be dependent on the survey 

area.   
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The exception is the Osprey (Pandion haliaetus) which was recorded as perching within the survey area 

during this survey.  Despite this, this species would not be dependent on the survey area to provide food or 

as habitat, and no evidence of nesting activity was observed. 

Coastal dune habitats are widespread along the coastline, and not restricted in extent.  Only one 

conservation significant reptile species (Aprasia rostrata, Ningaloo Worm-lizard, P3) is known to occur on the 

coastal dunes, however, it also occurs in other sandy habitats (including the red Pindan dunes within the 

survey area), and is not dependent on the coastal dunes.  This species was not recorded during the survey 

but is considered likely to occur. 

On a regional basis, the red Pindan dunes and their two habitat types are the most restricted in extent.  

Fauna species, particularly reptiles, are likely to require the sandy soils of this habitat, however, none of the 

species likely to occur are dependent on this habitat type within the survey area.  No species of conservation 

significance were recorded in the red Pindan dunes during the field survey, although Aprasia rostrata , 

(Ningaloo Worm-lizard, P3) is likely to occur. 

The limestone Cape Range provides the most prominent habitat types within the survey area, and was 

present within the main survey area and the southern survey area, and in between these two areas.  A 

number of conservation significant fauna species have been previously recorded from the limestone hills, and 

in particular the sheltered gorges and minor caves.  Endangered Petrogale lateralis (Black-flanked Rock 

Wallaby) are dependent on the gorges and minor caves, however, were not recorded within the survey area 

and are unlikely to occur due to the amount of human activity in the area, the small areas of available gorge 

habitat and that the survey area is on the edge of the species’ potential local range.  It may occur close to the 

southern survey area but not observed, and is far more likely to occur further south where there are larger 

gorges.  Two conservation significant lizards, Lerista allochira (Cape Range Slider, P3), which was recorded 

from close to the survey area during the field survey, and Diplodactylus capensis (Cape Range Stone Gecko, 

P2), are known from the limestone habitat types. 

No fauna species inhabiting or likely to inhabit the survey area is dependent on the survey area. 

The survey targeted terrestrial species, thus subterranean species were not included.  Two subterranean 

species of conservation significance were identified as occurring close to the survey area although not within 

it; Milyeringa veritas (Cave Gudgeon, Blind Gudgeon) and Ophisternon candidum (Blind Cave Eel).  Both are 

listed as Vulnerable under the Commonwealth EPBC Act.  It is unknown if either would actually occur within 

the karst cave system under the survey area, or even if there are caves under the survey area as this was 

beyond the scope of this project. 

5.3.2 FAUNA ASSEMBLAGE 

Forty six vertebrate fauna species were recorded during the field survey. 

Six mammals were recorded, none of which were of conservation significance and three of which were 

introduced (Cat, Rabbit, Sheep).  The native species were Euro (Osphranter robustus) and Echidna 

(Tachyglossus aculeatus), both of which are common, frequently encountered, highly visible and wide-

ranging and not requiring specific habitat types, and Pseudantechinus roryi, which was recorded on motion 

camera in a minor cave to the east of the Vlamingh Head Lighthouse.  This small carnivorous marsupial is not 

of conservation significance and has a range extending from the North West Cape peninsula, which is a 

disjunct population, through the Pilbara, Great Sandy Desert, Little Sandy Desert, Gibson Desert and Great 

Victoria Desert bioregions (DPaW 2007-2018).  Menkhorst & Knight (2011) consider that the Cape Range 

population may represent an undescribed taxon.  For this reason this species may be considered as 

significant (EPA 2016d). 

Twelve reptiles were recorded during the field survey, only one of which was of conservation significance; 

Lerista allochira (Cape Range Slider, P3).  This species is known only from the North West Cape peninsula, 

inhabiting a known range of approximately 70 km north-south and 20 km east-west (DPaW 2007-2018).  All 

habitat types provided suitable areas for various reptile species. 
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Ecoscape considers that the suite of reptiles, and the number of individuals observed during the field survey 

was low compared to what was expected given the weather conditions and season of survey.  It is possible 

that the extremely hot and dry summer (see Section 2.1.1) may have affected reptile populations, and 

residual populations may have been lower than usual.  Ecoscape considers that Aprasia rostrata (Ningaloo 

Worm-lizard, P3) should have been located during the field survey if it was present, however, Diplodactylus 

capensis (Cape Range Stone Gecko, P2) was not expected to be recorded as temperatures were not 

sufficiently high.  Both species were considered to have a Medium likelihood of occurring. 

Twenty eight bird species were recorded.  Only one, Osprey (Pandion haliaetus), was of conservation 

significance as it is listed for protection under international agreements, however, this species is frequently 

recorded in mostly coastal areas all over Australia, and also in Sulawesi, Java, New Guinea and New Caledonia 

(Atlas of Living Australia 2018).  No other species of conservation significance were recorded, and all 

recorded birds are considered as commonly occurring.  All habitat types were utilised by various species. 

5.4  ENVIRONMENTAL FEATURES OF INTEREST 

‘Environmental features’ are not included in the environmental assessment of the site, and are purely 

observations made during the site assessment. 

No environmental features of potential high interest were noted during the field surveys.  Although 

interesting in its own right, the landscape is in general not particularly spectacular, especially when compared 

with the established tourist destinations and associated activities of Ningaloo Reef (swimming, snorkelling, 

diving), various gorges in the Cape Range (Yardie Creek, Charles Knife, Shothole Canyon, Mandu Mandu), 

various beaches, wildlife opportunities (turtles, mangroves, Yardie Creek wallabies, bird watching), fishing, 

boating, surfing, kayaking, reef walking and ‘stairway to the moon’ viewing.  Vlamingh Head Lighthouse is an 

existing tourist destination with a spectacular view over the ocean and parking is at a premium at sunset, or if 

there are whales in the bay. 

Features that are of interest within the survey area to some visitors are likely to include: 

 Banksia ashbyi, which is attractive when flowering and a surprising occurrence to some 

 attractive wildflowers in season, in both red Pindan dunes and on limestone 

 exploring the minor gorges and caves between the Tourist Park and lighthouse, and around the base of 

Vlamingh Head, with possible minor track improvements to improve access up the hill required to 

improve safety 

 the view from the southern survey area, known locally as ‘Witches Hill’, is spectacular although permission 

to access the Department of Defence Lands and track improvements to allow 2WD access would be 

required. 
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6 EIA CONSIDERATIONS 

6.1  FLORA AND VEGETATION FACTOR CONSIDERATIONS 

Considerations for EIA for the factor Flora and Vegetation (EPA 2016a) include, but are not necessarily limited 

to: 

 application of the mitigation hierarchy to avoid and minimise impacts to flora and vegetation, where 

possible 

 the flora and vegetation affected by the proposal 

 the potential impacts and the activities that will cause them, including direct and indirect impacts 

 the implications of cumulative impacts 

 whether surveys and analyses have been undertaken to a standard consistent with guidance 

 the scale at which impacts to flora and vegetation are considered 

 the significance of the flora and vegetation, and the risk to the flora and vegetation 

 the current state of knowledge of flora and vegetation and the level of confidence underpinning the 

predicted residual impacts 

 whether proposed management and mitigation approaches are technically and practically feasible 

 whether the proposal area will be revegetated in a manner that promotes biological diversity and 

ecological integrity. 

Various issues are frequently of significance within the environmental impact assessment process.  These 

issues, and the potential impact from the proposed works, are summarised below.   

Ecoscape is not aware of any specific plans for development thus the following relates only to the baseline 

survey as was conducted. 

Habitat Loss, Degradation and Fragmentation 

The pre-European vegetation associations associated with the survey area all have more than 85% of their 

original extents remaining at state, bioregion, subregion and local government extents (Table 1 in  

Section 2.2.2).  Any clearing associated with future development is unlikely to have a significant impact on 

the remaining extents of these vegetation associations. 

There are three main vegetation habitat types occurring in the survey area.   

Coastal dunes are widespread and any clearing in these is unlikely to have any significant effect on the 

habitat type as a whole, however, local impacts may be significant due to the narrow extent and possibility 

that degradation may affect the wider area with windblown sand and the possibility of weed invasion 

exacerbated by soil disturbance.   

The limestone hills and crest, and to a lesser extent the minor habitat types occurring within them (gorges 

and gullies, and scree slopes), are largely resistant to degradation due to the hard substrate that resists weed 

invasion and erosion in most forms, even when cleared.  Sheltered gorges and gullies are more prone to 

weed invasion due to the more protected environment, and scree slopes more prone to wind and water 

erosion if vegetation is removed. 

The red Pindan dunes are locally more restricted, and have a higher potential for degradation as clearing 

exposes the soil to wind erosion, and the sandy soils are more susceptible to weed invasion.  These dunes are 

also almost the only habitat for Daviesia pleurophylla (P2) which, on a population scale, is almost entirely 

confined to this habitat type.  Despite this, any small-scale clearing affecting this species and its habitat is 

unlikely to be significant in terms of the population as a whole. 

No Threatened Flora species are known to occur within approximately 50 km of the survey area, thus any 

potential development will not affect such species.   

Fragmentation is unlikely to be significant should any development occur within the survey area as the area, 

in general, forms contiguous habitat and this is unlikely to change in the future. 
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Invasive Species 

Eight introduced species were recorded from the survey area; one is a Declared Pest plant and WONS 

species.  *Tamarix aphylla has been planted as a shade tree and windbreak within the Holiday Park, and a 

single individual was recorded within the survey area on the beach edge, at the head of a minor creek 

draining the Holiday Park.  Although this species is potentially invasive, and the individual is unlikely to have 

been deliberately planted, invasion by this species does not overall appear to have occurred, however, may 

potentially occur in the future. 

Buffel Grass (*Cenchrus ciliaris), introduced as a pastoral species (Keighery 2010), is significantly affecting the 

vegetation condition in parts of the survey area, particularly on sandy soils and adjacent to human 

development including roads.  Clearing, especially on sandy soils, potentially provides additional habitat for 

this species. 

Kapok Bush (*Aerva javanica) was observed along all road verges throughout the survey area, however the 

only uncleared areas where this species was recorded was adjacent to the sewerage pipe between the 

Holiday Park and the settling ponds to the south, and on the scree slopes between the Vlamingh Head 

Lighthouse and Yardie Creek Road.  This species has the potential to invade any cleared area. 

Stinking Passion Flower (*Passiflora foetida) was observed in only one minor gorge within the survey area, 

although it has potential to invade other areas. 

None of the other introduced species recorded from the survey area (*Bidens subalternans var. simulans, 

unidentified succulent, Date Palm *Phoenix dactylifera, or Common Sowthistle *Sonchus oleraceus) are likely 

to have a significant impact should development within the survey area occur. 

Fire Regimes 

Fire occurs naturally in the landscape as a result of lightning strike and vegetation has evolved to recover 

rapidly.  No evidence of recent fire was observed within the survey area.   

Fire has also been used by Traditional Owners to flush game and generate new growth that attracts 

herbivores, and has been used by pastoralists to generate new growth that is more palatable to livestock. 

Any potential development is unlikely to alter the frequency, intensity or extent of fires. 

Changing Climate 

Climate change in Western Australia is likely to increase in frequency and intensity of cyclones and be 

responsible for increases in temperature (Western Australian Government 2012). 

Climate change impacts on native flora and vegetation may be of importance as a cumulative impact when 

taking all changing factors into account, however, of its own, climate change is unlikely to be to be a 

significant factor in the survey area.  Given the small scale of potential clearing, any effects on the flora and 

vegetation cumulatively with climate change are unlikely to be significant. 

The survey area was considered to extend to the high water mark, which, with anticipated sea-level rise (of 

approximately 0.12 m by 2030, CoastAdapt 2018) associated with a warming climate, may be affected by 

climate change.  However, significant potential development within the coastal dunes is unlikely to be 

approved thus this aspect is not significant to the flora and vegetation values of the survey area. 

State of Knowledge 

Few botanical surveys are known to have been conducted in the local area, thus general knowledge 

pertaining to the flora and vegetation values of the survey area and surrounds is limited.  Despite this, the 

flora species recorded from the survey area and others likely to occur are generally well understood, and the 

vegetation types are associated with simple landforms thus is uncomplicated.  Lack of knowledge in this 

regard is unlikely to be a significant consideration for EIA. 

It is considered the ‘application of general ecological principles’ are likely to be a reasonable guide to 

understanding the flora and vegetation of the survey area. 
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6.2  FAUNA FACTOR CONSIDERATIONS 

Considerations for EIA for the factor Terrestrial Fauna (EPA 2016b) include, but are not necessarily limited to: 

 application of the mitigation hierarchy to avoid and minimise impacts to terrestrial fauna, where possible 

 the terrestrial fauna affected by the proposal 

 the potential impacts and the activities that will cause them, including direct and indirect impacts 

 the implications of cumulative impacts 

 whether surveys and analyses have been undertaken to a standard consistent with EPA technical guidance 

 the scale at which impacts terrestrial fauna are considered 

 the significance of the terrestrial fauna and the risk to those fauna 

 the current state of knowledge of the affected species/assemblages and the level of confidence 

underpinning the predicted residual impacts 

 whether proposed management and mitigation approaches are technically and practically feasible. 

Various issues are frequently of significance within the environmental impact assessment process.  These 

issues, and the potential impact from the proposed works, are summarised below.   

Habitat loss, degradation and fragmentation 

No Threatened Fauna species are known to occur within or close to the survey area, therefore any potential 

development will not affect such species. 

Due to the widespread broad nature of the fauna habitat types within the survey area, the scale of habitat 

loss and effects of degradation and fragmentation are unlikely to be significant for any proposed works on 

the tenements. 

Fire Regimes 

Altered fire regimes (more frequent or intense fires) may open up habitats and provide additional food 

resources for herbivores, however, may also decrease the amount of shelter available for some species 

including general cover and leaf litter.  Increases in herbivores may also result in an increase in predators, 

including feral species (cats, foxes). 

Fire regimes are unlikely to be altered as a result of any potential development of the survey area. 

Invasive Species 

Invasive species, including feral predators such as cats and scavengers such as rats and mice (that may also 

predate on smaller species; although these were not detected during the field survey they are likely to occur, 

especially in areas close to human habitation), are highly adaptable, can thrive in areas of human disturbance 

and can have a significant effect on species assemblages.   

Invasive species may increase as a result of potential development of the survey area. 

Changing Climate 

Temperature and changes in rainfall may affect the distribution and diversity of fauna species.  Temperatures 

are anticipated to rise in general, and cyclone frequency and intensity is likely to increase (Western Australian 

Government 2012).  Information of the effects of climate change, particularly temperature, are largely 

unknown for most fauna species, although we consider that the above average summer/autumn 

temperatures experienced prior to the field survey may have reduced the population density of reptile 

species. 

Climate change will not affect any potential development, however, the cumulative effects of climate change 

and disturbance may need to be taken into account.  Sea-level rise is unlikely to have any significant effect 

on the fauna of the survey area. 
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State of Knowledge 

Terrestrial vertebrate fauna are generally well understood.  With the possible exception of Pseudantechinus 

roryi potentially being an undescribed species, there are no knowledge gaps that would affect the 

understanding of these fauna within the study areas. 
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APPENDIX ONE DEFINITIONS AND CRITERIA 

Table 11: EPBC Act categories for flora and fauna 

EPBC ACT 1999 category Definition 

Extinct 
A native species is eligible to be included in the extinct category at a 
particular time if, at that time, there is no reasonable doubt that the last 
member of the species has died. 

Extinct in the wild 

A native species is eligible to be included in the extinct in the wild category 
at a particular time if, at that time: 

(a) it is known only to survive in cultivation, in captivity or as a naturalised 
population well outside its past range; or 

(b) it has not been recorded in its known and/or expected habitat, at 
appropriate seasons, anywhere in its past range, despite exhaustive surveys 
over a time frame appropriate to its life cycle and form. 

Critically Endangered (CE) 

A native species is eligible to be included in the critically endangered 
category at a particular time if, at that time, it is facing an extremely high 
risk of extinction in the wild in the immediate future, as determined in 
accordance with the prescribed criteria. 

Endangered (EN) 
 

A native species is eligible to be included in the endangered category at a 
particular time if, at that time: 

(a) it is not critically endangered; and 

(b) it is facing a very high risk of extinction in the wild in the near future, as 
determined in accordance with the prescribed criteria. 

Vulnerable (VU) 

A native species is eligible to be included in the vulnerable category at a 
particular time if, at that time: 

(a) it is not critically endangered or endangered; and 

(b) it is facing a high risk of extinction in the wild in the medium term 
future, as determined in accordance with the prescribed criteria. 

Conservation Dependent 

A native species is eligible to be included in the conservation dependent 
category at a particular time if, at that time: 

(a) the species is the focus of a specific conservation program the cessation 
of which would result in the species becoming vulnerable, endangered or 
critically endangered; or 

(b) the following subparagraphs are satisfied: 

(i) the species is a species of fish; 

(ii) the species is the focus of a plan of management that provides for 
management actions necessary to stop the decline of, and support the 
recovery of, the species so that its chances of long term survival in nature 
are maximised; 

(iii) the plan of management is in force under a law of the Commonwealth 
or of a State or Territory; 

(iv) cessation of the plan of management would adversely affect the 
conservation status of the species. 
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Table 12: Conservation codes for Western Australian flora and fauna (DPaW 2017) 

Conservation Codes for Western Australian Flora and Fauna 

T 

Threatened species* 
Published as Specially Protected under the Wildlife Conservation Act 1950, and listed under Schedules 1 to 4 of the 
Wildlife Conservation (Specially Protected Fauna) Notice for Threatened Fauna and Wildlife Conservation (Rare Flora) 
Notice for Threatened Flora (which may also be referred to as Declared Rare Flora).   

 Threatened fauna is that subset of ‘Specially Protected Fauna’ declared to be ‘ likely to become extinct’ pursuant to 
section 14(4) of the Wildlife Conservation Act. 

 Threatened flora is flora that has been declared to be ‘likely to become extinct or is rare, or is otherwise in need of special 
protection’ pursuant to section 23F(2) of the Wildlife Conservation Act.  
The assessment of the conservation status of these species is based on their national extent and ranked according to 
their level of threat using IUCN Red List categories and criteria as detailed below.  

CR 

Critically Endangered species 
Threatened species considered to be facing an extremely high risk of extinction in the wild. Published as Specially 
Protected under the Wildlife Conservation Act 1950, in Schedule 1 of the Wildlife Conservation (Specially Protected Fauna) 
Notice for Threatened Fauna and Wildlife Conservation (Rare Flora) Notice for Threatened Flora. 

EN 

Endangered species 
Threatened species considered to be facing a very high risk of extinction in the wild. Published as Specially Protected 
under the Wildlife Conservation Act 1950, in Schedule 2 of the Wildlife Conservation (Specially Protected Fauna) Notice for 
Threatened Fauna and Wildlife Conservation (Rare Flora) Notice for Threatened Flora. 

VU 

Vulnerable species  
Threatened species considered to be facing a high risk of extinction in the wild. Published as Specially Protected under the 
Wildlife Conservation Act 1950, in Schedule 3 of the Wildlife Conservation (Specially Protected Fauna) Notice for 
Threatened Fauna and Wildlife Conservation (Rare Flora) Notice for Threatened Flora. 

EX 

Presumed extinct species  
Species which have been adequately searched for and there is no reasonable doubt that the last individual has died. 
Published as Specially Protected under the Wildlife Conservation Act 1950, in Schedule 4 of the Wildlife Conservation 
(Specially Protected Fauna) for Threatened Fauna and Wildlife Conservation (Rare Flora) Notice for Threatened Flora.   

IA 

Migratory birds protected under an international agreement  
Birds that are subject to an agreement between the government of Australia and the governments of Japan (JAMBA), 
China (CAMBA) and The Republic of Korea (ROKAMBA), and the Bonn Convention, relating to the protection of migratory 
birds. Published as Specially Protected under the Wildlife Conservation Act 1950, in Schedule 5 of the Wildlife Conservation 
(Specially Protected Fauna) Notice. 

CD 

Conservation Dependent fauna  
Fauna of special conservation need being species dependent on ongoing conservation intervention to prevent it becoming 
eligible for listing as threatened. Published as Specially Protected under the Wildlife Conservation Act 1950, in Schedule 6 
of the Wildlife Conservation (Specially Protected Fauna) Notice 

OS 
Other specially protected fauna  

Fauna otherwise in need of special protection to ensure their conservation. Published as Specially Protected under the 
Wildlife Conservation Act 1950, in Schedule 7 of the Wildlife Conservation (Specially Protected Fauna) Notice 

P 

Priority species 

 Possibly threatened species that do not meet survey criteria, or are otherwise data deficient, are added to the Priority 
Fauna or Priority Flora Lists under Priorities 1, 2 or 3. These three categories are ranked in order of priority for survey and 
evaluation of conservation status so that consideration can be given to their declaration as threatened flora or fauna.  

 Species that are adequately known, are rare but not threatened, or meet criteria for near threatened, or that have been 
recently removed from the threatened list for other than taxonomic reasons, are placed in Priority 4. These species require 
regular monitoring.  

 Assessment of Priority codes is based on the Western Australian distribution of the species, unless the distribution in WA is 
part of a contiguous population extending into adjacent States, as defined by the known spread of locations. 

P1 

Priority One: Poorly-known species  
Species that are known from one or a few locations (generally five or less) which are potentially at risk.  All occurrences are 
either: very small; or on lands not managed for conservation, e.g. agricultural or pastoral lands, urban areas, road or rail 
reserves, gravel reserves and active mineral leases; or otherwise under threat of habitat destruction or degradation. Species 
may be included if they are comparatively well known from one or more localities but do not meet adequacy of survey 
requirements and appear to be under immediate threat from known threatening processes. Such species are in urgent 
need of further survey. 

P2 

Priority Two: Poorly-known species  
Species that are known from one or a few locations (generally five or less), some of which are on lands managed primarily 
for nature conservation, e.g. national parks, conservation parks, nature reserves and other lands with secure tenure being 
managed for conservation. Species may be included if they are comparatively well known from one or more localities but 
do not meet adequacy of survey requirements and appear to be under threat from known threatening processes. Such 
species are in urgent need of further survey. 

P3 

Priority Three: Poorly-known species  
Species that are known from several locations, and the species does not appear to be under imminent threat, or from few 
but widespread localities with either large population size or significant remaining areas of apparently suitable habitat, 
much of it not under imminent threat. Species may be included if they are comparatively well known from several localities 
but do not meet adequacy of survey requirements and known threatening processes exist that could affect them. Such 
species are in need of further survey. 
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Conservation Codes for Western Australian Flora and Fauna 

P4 

Priority Four: Rare, Near Threatened and other species in need of monitoring 
(a) Rare. Species that are considered to have been adequately surveyed, or for which sufficient knowledge is available, and 
that are considered not currently threatened or in need of special protection, but could be if present circumstances 
change. These species are usually represented on conservation lands. 
(b) Near Threatened. Species that are considered to have been adequately surveyed and that are close to qualifying for 
Vulnerable, but are not listed as Conservation Dependent. 
(c) Species that have been removed from the list of threatened species during the past five years for reasons other than 
taxonomy. 

*Species includes all taxa (plural of taxon - a classificatory group of any taxonomic rank, e.g. a family, genus, species or any 
infraspecific category i.e. subspecies or variety, or a distinct population). 

 

Table 13: DBCA definitions and criteria for TECs and PECs (DEC 2013) 

Criteria Definition 

Threatened Ecological Communities 

Presumed Totally Destroyed (PD) 

An ecological community that has been adequately searched for but for which no representative 
occurrences have been located.  The community has been found to be totally destroyed or so 
extensively modified throughout its range that no occurrence of it is likely to recover its species 
composition and/or structure in the foreseeable future. 

An ecological community will be listed as presumed totally destroyed if there are no recent 
records of the community being extant and either of the following applies (A or B): 

A. Records within the last 50 years have not been confirmed despite thorough searches of 
known or likely habitats or 

B. All occurrences recorded within the last 50 years have since been destroyed 

Critically Endangered (CR) 

An ecological community that has been adequately surveyed and found to have been subject to a 
major contraction in area and/or that was originally of limited distribution and is facing severe 
modification or destruction throughout its range in the immediate future, or is already severely 
degraded throughout its range but capable of being substantially restored or rehabilitated. 

An ecological community will be listed as Critically Endangered when it has been adequately 
surveyed and is found to be facing an extremely high risk of total destruction in the immediate 
future.  This will be determined on the basis of the best available information, by it meeting any 
one or more of the following criteria (A, B or C): 

A. The estimated geographic range, and/or total area occupied, and/or number of discrete 
occurrences since European settlement have been reduced by at least 90% and either or 
both of the following apply (i or ii): 
i. geographic range, and/or total area occupied and/or number of discrete occurrences 

are continuing to decline such that total destruction of the community is imminent 
(within approximately 10 years); 

ii. modification throughout its range is continuing such that in the immediate future 
(within approximately 10 years) the community is unlikely to be capable of being 
substantially rehabilitated. 

B. Current distribution is limited, and one or more of the following apply (i, ii or iii): 
i. geographic range and/or number of discrete occurrences, and/or area occupied is 

highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
immediate future (within approximately 10 years); 

ii. there are very few occurrences, each of which is small and/or isolated and extremely 
vulnerable to known threatening processes; 

iii. there may be many occurrences but total area is very small and each occurrence is 
small and/or isolated and extremely vulnerable to known threatening processes. 

C. The ecological community exists only as highly modified occurrences that may be capable 
of being rehabilitated if such work begins in the immediate future (within approximately 10 
years). 

Endangered (EN) 

An ecological community that has been adequately surveyed and found to have been subject to a 
major contraction in area and/or was originally of limited distribution and is in danger of 
significant modification throughout its range or severe modification or destruction over most of its 
range in the near future. 

An ecological community will be listed as Endangered when it has been adequately surveyed and 
is not Critically Endangered but is facing a very high risk of total destruction in the near future. This 
will be determined on the basis of the best available information by it meeting any one or more of 
the following criteria (A, B, or C): 

A. The geographic range, and/or total area occupied, and/or number of discrete occurrences 
have been reduced by at least 70% since European settlement and either or both of the 
following apply (i or ii): 
i. the estimated geographic range, and/or total area occupied and/or number of discrete 

occurrences are continuing to decline such that total destruction of the community is 
likely in the short term future (within approximately 20 years); 

ii. modification throughout its range is continuing such that in the short term future 
(within approximately 20 years) the community is unlikely to be capable of being 
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Criteria Definition 

substantially restored or rehabilitated. 
B. Current distribution is limited, and one or more of the following apply (i, ii or iii): 

i. geographic range and/or number of discrete occurrences, and/or area occupied is 
highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
short term future (within approximately 20 years); 

ii. there are few occurrences, each of which is small and/or isolated and all or most 
occurrences are very vulnerable to known threatening processes; 

iii. there may be many occurrences but total area is small and all or most occurrences are 
small and/or isolated and very vulnerable to known threatening processes. 

The ecological community exists only as very modified occurrences that may be capable of 
being substantially restored or rehabilitated if such work begins in the short-term future (within 
approximately 20 years). 

Vulnerable (VU) 

An ecological community that has been adequately surveyed and is found to be declining and/or 
has declined in distribution and/or condition and whose ultimate security has not yet been 
assured and/or a community that is still widespread but is believed likely to move into a category 
of higher threat in the near future if threatening processes continue or begin operating 
throughout its range. 

An ecological community will be listed as Vulnerable when it has been adequately surveyed and is 
not Critically Endangered or Endangered but is facing a high risk of total destruction or significant 
modification in the medium to long-term future.  This will be determined on the basis of the best 
available information by it meeting any one or more of the following criteria (A, B or C): 

A. The ecological community exists largely as modified occurrences that are likely to be 
capable of being substantially restored or rehabilitated. 

B. The ecological community may already be modified and would be vulnerable to threatening 
processes, is restricted in area and/or range and/or is only found at a few locations. 

C. The ecological community may be still widespread but is believed likely to move into a 
category of higher threat in the medium to long term future because of existing or 
impending threatening processes. 

Priority ecological communities 

Priority One 
 

Poorly known ecological communities 

Ecological communities with apparently few, small occurrences, all or most not actively managed 
for conservation (e.g. within agricultural or pastoral lands, urban areas, active mineral leases) and 
for which current threats exist.  Communities may be included if they are comparatively well-
known from one or more localities but do not meet adequacy of survey requirements, and/or are 
not well defined, and appear to be under immediate threat from known threatening processes 
across their range. 

Priority Two 
 

Poorly known ecological communities 

Communities that are known from few small occurrences, all or most of which are actively 
managed for conservation (e.g. within national parks, conservation parks, nature reserves, state 
forest, unallocated Crown land, water reserves, etc.) and not under imminent threat of destruction 
or degradation. Communities may be included if they are comparatively well known from one or 
more localities, but do not meet adequacy of survey requirements, and / or are not well defined, 
and appear to be under threat from known threatening processes. 

Priority Three 
 

Poorly known ecological communities 

i. Communities that are known from several to many occurrences, a significant number or area 
of which are not under threat of habitat destruction or degradation or; 

ii. Communities known from a few widespread occurrences, which are either large or within 
significant remaining areas of habitat in which other occurrences may occur, much of it not 
under imminent threat, or; 

iii. Communities made up of large, and/or widespread occurrences, that may or may not be 
represented in the reserve system, but are under threat of modification across much of their 
range from processes such as grazing by domestic and/or feral stock, and inappropriate fire 
regimes. 

Communities may be included if they are comparatively well known from several localities, but do 
not meet adequacy of survey requirements and / or are not well defined, and known threatening 
processes exist that could affect them. 

Priority Four 
 

Ecological communities that are adequately known, rare but not threatened or meet criteria for 
Near Threatened, or that have been recently removed from the threatened list.  These 
communities require regular monitoring. 

i. Rare.  Ecological communities known from few occurrences that are considered to have been 
adequately surveyed, or for which sufficient knowledge is available, and that are considered 
not currently threatened or in need of special protection, but could be if present 
circumstances change These communities are usually represented on conservation lands. 

ii. Near Threatened.  Ecological communities that are considered to have been adequately 
surveyed and that do not qualify for Conservation Dependent, but that are close to qualifying 
for Vulnerable. 

iii. Ecological communities that have been removed from the list of threatened communities 
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Criteria Definition 

during the past five years. 

Priority Five 
 

Conservation Dependent Ecological Communities 

Ecological Communities that are not threatened but are subject to a specific conservation 
program, the cessation of which would result in the community becoming threatened within five 
years. 
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Table 14: NVIS structural formation terminology, terrestrial vegetation (ESCAVI 2003) 

 Cover characteristics 

 Foliage 
cover * 

70-100 30-70 10-30 <10 
» 0 
(scattered) 

0-5 
(clumped) 

unknown 

 Cover 
code 

d c i r bi bc unknown 

Growth Form 
Height 
Ranges 
(m) 

Structural Formation Classes 

tree, palm 
<10,10-
30, >30 

closed 
forest 

open 
forest 

woodland 
open 
woodland 

isolated 
trees 

isolated 
clumps of 
trees 

tree, palm 

tree mallee 
<3, <10, 
10-30 

closed 
mallee 
forest 

open 
mallee 
forest 

mallee 
woodland 

open mallee 
woodland 

isolated 
mallee 
trees 

isolated 
clumps of 
mallee 
trees 

tree 
mallee 

shrub, cycad, 
grass-tree, 
tree-fern 

<1,1-
2,>2 

closed 
shrubland 

shrubland 
open 
shrubland 

sparse 
shrubland 

isolated 
shrubs 

isolated 
clumps of 
shrubs 

shrub, 
cycad, 
grass-
tree, tree-
fern 

mallee shrub 
<3, <10, 
10-30 

closed 
mallee 
shrubland 

mallee 
shrubland 

open mallee 
shrubland 

sparse mallee 
shrubland 

isolated 
mallee 
shrubs 

isolated 
clumps of 
mallee 
shrubs 

mallee 
shrub 

heath shrub 
<1,1-
2,>2 

closed 
heathland 

heathland 
open 
heathland 

sparse 
heathland 

isolated 
heath 
shrubs 

isolated 
clumps of 
heath 
shrubs 

heath 
shrub 

chenopod 
shrub 

<1,1-
2,>2 

closed 
chenopod 
shrubland 

chenopod 
shrubland 

open 
chenopod 
shrubland 

sparse 
chenopod 
shrubland 

isolated 
chenopod 
shrubs 

isolated 
clumps of 
chenopod 
shrubs 

chenopod 
shrub 

samphire 
shrub 

<0.5,>0.5 
closed 
samphire 
shrubland 

samphire 
shrubland 

open 
samphire 
shrubland 

sparse 
samphire 
shrubland 

isolated 
samphire 
shrubs 

isolated 
clumps of 
samphire 
shrubs 

samphire 
shrub 

hummock 
grass 

<2,>2 
closed 
hummock 
grassland 

hummock 
grassland 

open 
hummock 
grassland 

sparse 
hummock 
grassland 

isolated 
hummock 
grasses 

isolated 
clumps of 
hummock 
grasses 

hummock 
grass 

tussock grass <0.5,>0.5 
closed 
tussock 
grassland 

tussock 
grassland 

open tussock 
grassland 

sparse tussock 
grassland 

isolated 
tussock 
grasses 

isolated 
clumps of 
tussock 
grasses 

tussock 
grass 

other grass <0.5,>0.5 
closed 
grassland 

grassland 
open 
grassland 

sparse 
grassland 

isolated 
grasses 

isolated 
clumps of 
grasses 

other 
grass 

sedge <0.5,>0.5 
closed 
sedgeland 

sedgeland 
open 
sedgeland 

sparse 
sedgeland 

isolated 
sedges 

isolated 
clumps of 
sedges 

sedge 

rush <0.5,>0.5 
closed 
rushland 

rushland open rushland 
sparse 
rushland 

isolated 
rushes 

isolated 
clumps of 
rushes 

rush 

herb <0.5,>0.5 
closed 
herbland 

herbland 
open 
herbland 

sparse 
herbland 

isolated 
herbs 

isolated 
clumps of 
herbs 

herb 

fern 
<1,1-
2,>2 

closed 
fernland 

fernland open fernland 
sparse 
fernland 

isolated 
ferns 

isolated 
clumps of 
ferns 

fern 

bryophyte <0.5 
closed 
bryophyte-
land 

bryophyte-
land 

open 
bryophyteland 

sparse 
bryophyteland 

isolated 
bryophytes 

isolated 
clumps of 
bryophytes 

bryophyte 

lichen <0.5 
closed 
lichenland 

lichenland 
open 
lichenland 

sparse 
lichenland 

isolated 
lichens 

isolated 
clumps of 
lichens 

lichen 

vine 
<10,10-
30, >30 

closed 
vineland 

vineland open vineland 
sparse 
vineland 

isolated 
vines 

isolated 
clumps of 
vines 

vine 
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Table 15: NVIS height classes (ESCAVI 2003) 

Height Growth form 

Height 
Class 

Height 
Range (m) 

Tree, vine (M 
& U), palm 
(single-
stemmed) 

Shrub, heath shrub, 
chenopod shrub, ferns, 
samphire shrub, cycad, 
tree-fern, grass-tree, 
palm (multi-stemmed) 

Tree 
mallee, 
mallee 
shrub 

Tussock grass, 
hummock grass, 
other grass, 
sedge, rush, forbs, 
vine (G) 

Bryophyte, 
lichen, 
seagrass, 
aquatic 

8 >30 tall NA NA NA NA 

7 
10-

30 
mid NA tall NA NA 

6 <10 low NA mid NA NA 

5 <3 NA NA low NA NA 

4 >2 NA tall NA tall NA 

3 1-2 NA mid NA tall NA 

2 0.5-1 NA low NA mid tall 

1 <0.5 NA low NA low low 

Source: (based on Walker & Hopkins 1990) 

 

Table 16: Vegetation Condition Scale for the Eremaean Botanical Province (EPA 2016c)  

Condition rating Description 

Excellent 
Pristine or nearly so, no obvious signs of damage caused by human activities since European 
settlement. 

Very Good 
Some relatively slight signs of damage caused by human activities since European 
settlement. For example, some signs of damage to tree trunks caused by repeated fire, the 
presence of some relatively non-aggressive weeds, or occasional vehicle tracks. 

Good 
More obvious signs of damage caused by human activity since European settlement, 
including some obvious impact on the vegetation structure such as that caused by low 
levels of grazing or slightly aggressive weeds. 

Poor 
Still retains basic vegetation structure or ability to regenerate it after very obvious impacts 
of human activities since European settlement, such as grazing, partial clearing, frequent 
fires or aggressive weeds. 

Degraded 

Severely impacted by grazing, very frequent fires, clearing or a combination of these 
activities. Scope for some regeneration but not to a state approaching good condition 
without intensive management. Usually with a number of weed species present including 
very aggressive species. 

Completely Degraded 
Areas that are completely or almost completely without native species in the structure of 
their vegetation; i.e. areas that are cleared or ‘parkland cleared’ with their flora comprising 
weed or crop species with isolated native trees or shrubs. 
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APPENDIX TWO DESKTOP ASSESSMENT RESULTS 

Table 17: Flora database search results (DBCA database search using 50 km buffer), likelihood and flora survey 

records 

DBCA
* 

Nature 
Map 

Species name 
Habitat from FloraBase (WAH 1998-2018) or 
(for Acacia species) World Wide Wattle (Shire 
of Dalwallinu et al. 2010) 

Flowers 

Likelihood of occurrence 

Desktop 
Re-
assessed 

  DBCA Priority 1     

P >50 km 
Abutilon sp. Quobba (H. 
Demarz 3858) 

Sandy or rocky sandy soil. Jul-Oct 
Highly 
unlikely 

Highly 
unlikely 

P >50 km Cyperus victoriensis Creek Jun-Aug 
Highly 
unlikely 

Highly 
unlikely 

  DBCA Priority 2     

X 20-50 km Acacia ryaniana 
Red or white sand, sand over limestone, coastal 
dunes. Spinifex longifolius, Triodia spp. 

Jun-Nov Unlikely Unlikely 

X 10-20 km Acanthocarpus rupestris 
Red sand, limestone. Triodia -shrub steppe, 
sometimes by creek-lines. 

May-Jun Possible Possible 

X >50 km Crinum flaccidum Between coastal dunes and limestone range 
Most 
months 

Unlikely Unlikely 

X <10 km Daviesia pleurophylla Red sand dunes. Jun-Oct 
Recorded 
(probable) 

Recorded 

X 20-50 km Eremophila occidens Limestone ranges, dunes Aug-Sep Possible Unlikely 

X 10-20 km 
Harnieria kempeana subsp. 
rhadinophylla 

Calcareous loam. Amongst limestone rocks, creek 
banks. 

May-Sep Possible Possible 

X 10-20 km 
Tephrosia sp. North West Cape 
(G. Marsh 81) 

Limestone May-Sep Possible Possible 

X 10-20 km Tinospora esiangkara 
Pebbly orange-brown calcareous loam. Limestone 
outcrops or ridges, near creek bank. 

Jul-Oct Possible Recorded 

X 20-50 km Verticordia serotina Red sand, sand dunes. Aug-Sep Unlikely Unlikely 

  DBCA Priority 3     

X 10-20 km Acacia alexandri Limestone. Stony creeks, steep rocky slopes. Jun-Sep Possible Possible 

X 20-50 km Acacia startii Limestone hills, watercourses Jul-Aug Possible Unlikely 

P >50 km 
Carpobrotus sp. Thevenard 
Island (M. White 050) 

Coarse white sand, limestone Aug Unlikely Unlikely 

X 10-20 km Corchorus congener 
Sand, red sandy loam with limestone. Sand dunes, 
plains. 

Apr-Nov Possible 
Recorded 
(probable) 

X <10 km 
Eremophila forrestii subsp. 
capensis 

Brown rocky soils, limestone. Ridges. Jun-Aug Possible Recorded 

X <10 km Grevillea calcicola Limestone hilltops. 
May-
Aug 

Recorded 
(probable) 

Recorded 

X 20-50 km Gymnanthera cunninghamii Sand, alluvium Jan-Dec Unlikely Unlikely 

X <10 km Phyllanthus fuernrohrii Limestone Feb-Sep Possible Possible 

X <10 km Stackhousia umbellata Sandy soils on limestone.  Triodia. May-Sep Recorded Recorded 

  DBCA Priority 4     

X <10 km Brachychiton obtusilobus 
Skeletal soils. Rocky limestone ranges, gorges, 
occasionally sandplains. 

Aug-Sep Possible Recorded 

X 10-20 km 
Eremophila youngii subsp. 
lepidota 

Stony red sandy loam. Flats plains, floodplains, 
sometimes semi-saline, clay flats. 

Jan-Sep Unlikely Unlikely 

P >50 km Livistona alfredii Limestone, Pindan sand, alluvium. Pools. Jul-Sep 
Highly 
unlikely 

Highly 
unlikely 

* P = place name search result only i.e. not recorded within 50 km of the survey area  
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Table 18: Declared Pest plants listed for Exmouth (Department of Primary Industries and Regional Development 

2018) 

Scientific name Common name(s) Control categories 
Keeping 
category 

Declared areas 

Alhagi maurorum Medik. Camelthorn C3 Management 
 

Whole of State 

Asparagus asparagoides (L.) Druce Bridal creeper 
No Control 
Category 

Exempt Whole of State 

Austrocylindropuntia cylindrica (Juss. ex 
Lam.) Backeb. 

Coral cactus, cane cactus C3 Management Restricted Whole of State 

Austrocylindropuntia subulata 
(Muehlenpf.) Backeb. 

Eve's pin, Eve's needle C3 Management Restricted Whole of State 

Calotropis procera (Aiton) W.T.Aiton Rubber bush, calotropis 
No Control 
Category 

Exempt Whole of State 

Chondrilla juncea L. 
Skeleton weed, rush skeleton weed, 
naked weed, hogbite, gum succory 

C2 Eradication 
 

Includes Exmouth 

Cryptostegia madagascariensis Bojer ex 
Decne. 

Rubbervine, Madagascar rubbervine 
No Control 
Category 

Exempt Whole of State 

Cylindropuntia fulgida (Engelm.) 
F.M.Knuth 

Coral cactus, boxing glove cactus C3 Management Restricted Whole of State 

Cylindropuntia imbricata (Haw.) 
F.M.Knuth 

Rope pear, devil's rope C3 Management Restricted Whole of State 

Cylindropuntia kleiniae (DC.) F.M.Knuth 
Candle cholla, Klein's pencil cactus, 
Klein's cholla 

C3 Management Restricted Whole of State 

Cylindropuntia pallida (Rose) F.M.Knuth 
White-spined Hudson pear, Hudson 
pear (white-spined) 

C3 Management Restricted Whole of State 

Cylindropuntia tunicata (Lehm.) 
F.M.Knuth 

Thistle cholla, brown-spined Hudson 
pear, Hudson pear (brown-spined) 

C3 Management Restricted Whole of State 

Echium plantagineum L. Salvation Jane, Paterson's curse 
No Control 
Category 

Exempt Whole of State 

Hydrocotyle ranunculoides L. f. 
Water pennywort, spaghetti weed, 
hydrocotyle, grote waternavel, 
floating marshpennywort 

C3 Management 
 

Whole of State 

Jatropha gossypiifolia L. 
Cotton-leaf physic-nut, bellyache 
bush 

C3 Management 
 

Whole of State 

Lantana camara L. 
Wild sage, white sage, red-flowered 
sage, largeleaf lantana, common 
lantana 

C3 Management 
 

Whole of State 

Moraea flaccida (Sweet) Steud. One-leaf cape tulip 
No Control 
Category 

Exempt Whole of State 

Moraea miniata Andrews Two-leaf cape tulip 
No Control 
Category 

Exempt Whole of State 

Onopordum acaulon L. Stemless thistle 
No Control 
Category 

Exempt Whole of State 

Opuntia elata Salm-Dyck Riverina pear C3 Management Restricted Whole of State 

Opuntia elatior Mill. Red-flower prickly pear C3 Management Restricted Whole of State 

Opuntia engelmannii Salm-Dyck ex 
Engelm. 

Engelmann's prickly pear, 
Engelmann's pear 

C3 Management Restricted Whole of State 

Opuntia ficus-indica (L.) Mill. 

Tuna cactus, sweet pricklypear, spiny 
pest pear, spineless cactus, prickly 
pear, mission pricklypear, 
grootdoringturksvy, Indian fig, 
Boereturksvy 

C3 Management Exempt Whole of State 

Opuntia microdasys (Lehm.) Pfeiff. 
Teddy bear cactus, golden bristle 
cactus, bunny ears 

C3 Management Restricted Whole of State 

Opuntia monacantha Haw. Drooping tree pear C3 Management Restricted Whole of State 

Opuntia polyacantha Haw. Plains prickly pear C3 Management Restricted Whole of State 

Opuntia puberula Hort. Vindob. ex 
Pfeiff. 

Nopal de tortuga, nopal de culebra C3 Management Restricted Whole of State 

Opuntia stricta (Haw.) Haw. 
Erect prickly pear, common prickly 
pear 

C3 Management Restricted Whole of State 
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Scientific name Common name(s) Control categories 
Keeping 
category 

Declared areas 

Opuntia tomentosa Salm-Dyck Velvet tree pear, velvet pear C3 Management Restricted Whole of State 

Parkinsonia aculeata L. Parkinsonia 
 

Exempt Whole of State 

Pistia stratiotes L. Water lettuce C2 Eradication 
 

Whole of State 

Prosopis glandulosa Torr. x Prosopis 
velutina Wooton 

Mesquite C2 Eradication Prohibited Includes Exmouth 

Rubus ulmifolius Schott 
Elmleaf blackberry, Thornfree, Loch 
Ness, Blacksatin 

C3 Management Exempt Includes Exmouth 

Sagittaria platyphylla (Engelm.) J.G.Sm. Sagittaria, delta arrowhead C3 Management 
 

Whole of State 

Senna alata (L.) Roxb. 

Seven-golden-candlesticks, 
ringwormshrub, ringwormbush, 
ringworm senna, empress-candle-
plant, emperor's candlesticks, 
candlestick senna, candle bush, 
Christmas-candle 

No Control 
Category 

Exempt Whole of State 

Senna obtusifolia (L.) H.S.Irwin & 
Barneby 

Sicklepod senna, sicklepod, 
coffeeweed, Javabean, Chinese 
Senna 

No Control 
Category 

Exempt Whole of State 

Silybum marianum (L.) Gaertn. 
Variegated thistle, milkthistle, 
blessed milkthistle 

No Control 
Category 

  

Solanum elaeagnifolium Cav. 
White horsenettle, silverleaf 
nightshade 

No Control 
Category 

Exempt Whole of State 

Solanum linnaeanum Hepper & P.-
M.L.Jaeger 

Apple of Sodom 
No Control 
Category 

Exempt Whole of State 

Tamarix aphylla (L.) H.Karst. 
Tamarisk, flowering cypress, athel 
tree, athel tamarisk, athel pine, athel 

No Control 
Category 

Exempt Whole of State 

Ulex europaeus L. Gorse, furze C2 Eradication 
 

Includes Exmouth 

Xanthium spinosum L. 

Thorny burweed, spiny cocklebur, 
spiny clotbur, prickly burweed, 
piikkisappiruoho, dagger weed, 
dagger cocklebur, burweed, 
boetebos, Bathurst burr 

C2 Eradication 
 

Includes Exmouth 

Xanthium strumarium L. 

Sheepbur, sea burdock ,rough 
cocklebur, kra chap, 
karheasappiruoho, 
kankerroos,hedgehog burweed, 
heartleaf cocklebur, ditchbur, 
common cocklebur, cocklebur, 
clotbur, buttonbur, burweed, 
abrojillo, Noogoora burr, Bathurst 
burr 

C2 Eradication 
 

Includes Exmouth 

Zantedeschia aethiopica (L.) Spreng. Calla lily, arum lily 
No Control 
Category 

Exempt Whole of State 

Ziziphus mauritiana Lam. 
Saucunazi, macaniqueira, m'sau, 
Indian jujube, Chinese apple 

C3 Management 
 

Whole of State 
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Table 19: Fauna database search and survey results (vertebrates) 

Database search results do not include entirely marine species e.g. whales, fish, turtles, or subterranean 

species. 

Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Mammals 
   

 
   

BOVIDAE 
   

 
   

Ovis aries Sheep 
 

Y  
  

X 

DASYURIDAE 
   

 
   

Dasyurus hallucatus Northern Quoll EN  X    

Pseudantechinus roryi 
   

 
  

X 

Sminthopsis macroura Stripe-faced Dunnart 
  

 X 
  

EMBALLONURIDAE 
   

 
   

Taphozous georgianus 
Common Sheath-tailed 
Bat 

  
 X 

  
FELIDAE 

   
 

   
Felis catus Feral Cat 

 
Y  

  
X 

LEPORIDAE 
   

 
   

Oryctolagus cuniculus Rabbit 
 

Y  
  

X 

MACROPODIDAE 
   

 
   

Osphranter robustus Euro 
  

 X 
 

X 

Petrogale lateralis  
Black-flanked Rock-
wallaby EN 

 
X X X 

 
MURIDAE 

   
 

   
Mus musculus House Mouse 

 
Y  X 

  

Notomys alexis 
Spinifex Hopping-
mouse 

  
 X 

  Pseudomys 
hermannsburgensis Sandy Inland Mouse 

  
 X 

  
Rattus rattus Black Rat 

 
Y  X 

  
TACHYGLOSSIDAE 

   
 

   
Tachyglossus aculeatus Short-beaked Echidna 

  
 

  
X 

VESPERTILIONIDAE 
   

 
   

Chalinolobus gouldii Gould's Wattled Bat 
  

 X 
  

Vespadelus finlaysoni Finlayson's Cave Bat 
  

 X 
  

YINPTEROCHIROPTERA        

Rhinonicteris aurantia (Pilbara 
form) Pilbara Leaf-nosed Bat VU  X    

Reptiles 
   

 
   

AGAMIDAE 
   

 
   

Amphibolurus gilberti Ta-ta, Gilbert's Dragon 
  

 X 
  

Amphibolurus longirostris Long-nosed Dragon 
  

 X 
  

Ctenophorus femoralis Dune Dragon 
  

 X 
  

Ctenophorus isolepis Military Dragon 
  

 X 
  

Ctenophorus nuchalis  Central Netted Dragon 
  

 X 
  

Ctenophorus parviceps Northern Heath Dragon 
  

 X 
  

Ctenophorus reticulatus Western Netted Dragon 
  

 X 
  

Diporiphora adductus  Carnarvon Dragon 
  

 X 
  

Pogona minor Dwarf Bearded Dragon 
  

 X 
  

CARPHODACTYLIDAE 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Nephrurus levis 
Smooth Knob-tailed 
Gecko 

  
 X 

  
DIPLODACTYLIDAE 

   
 

   Crenadactylus ocellatus subsp. 
horni Clawless Gecko 

  
 X 

  

Diplodactylus capensis 
Cape Range Stone 
Gecko P2 

 
 X X 

 
Diplodactylus bilybara  Fat-tailed Gecko 

  
 X 

  
Diplodactylus ornatus Ornate Stone Gecko 

  
 X 

  
Lucasium stenodactylum Sand-plain Gecko 

  
 X 

  Strophurus ciliaris subsp. 
aberrans 

Northern Spiny-tailed 
Gecko 

  
 X 

  

Strophurus jeanae 
Southern Phasmid 
Gecko 

  
 X 

  

Strophurus rankini 
Exmouth Spiny-tailed 
Gecko 

  
 X 

  

Strophurus strophurus 
Western Spiny-tailed 
Gecko 

  
 X 

  
ELAPIDAE 

   
 

   
Acanthophis wellsi  Pilbara Death Adder 

  
 X 

  

Brachyurophis approximans 
North-western Shovel-
nosed Snake 

  
 X 

  

Demansia calodera  
Black-necked 
Whipsnake 

  
 X 

  Demansia psammophis subsp. 
cupreiceps 

Yellow-faced 
Whipsnake 

  
 X 

  
Furina ornata Moon Snake 

  
 X 

  
Pseudechis australis  Mulga Snake 

  
 X 

  
Pseudonaja mengdeni  Western Brown Snake 

  
 X 

  
Pseudonaja modesta  Ringed Brown Snake 

  
 X 

  
Simoselaps bertholdi Jan's Banded Snake 

  
 X 

 
X 

Suta fasciata  Rosen's Snake 
  

 X 
  

GEKKONIDAE 
   

 
   

Gehyra australis Northern Dtella 
  

 X 
  

Gehyra pilbara Pilbara Dtella 
  

 X 
 

X 

Gehyra variegata Tree Dtella 
  

 X 
  

Heteronotia binoei  Bynoe's Gecko 
  

 X 
  

PYGOPODIDAE 
   

 
   

Aprasia rostrata Ningaloo Worm-lizard P3 
 

 X X 
 

Delma nasuta Sharp-snouted Delma 
  

 X 
  

Delma tealei Teale's Delma 
  

 X 
  

Delma tincta Excitable Delma 
  

 X 
  

Lialis burtonis Burton's Legless Lizard 
  

 X 
  

PYTHONIDAE 
   

 
   

Antaresia perthensis Pygmy Python 
  

 X 
  

Antaresia stimsoni Stimson's Python 
  

 X 
  

Aspidites melanocephalus Black-headed Python 
  

 X 
  

SCINCIDAE 
   

 
   Cryptoblepharus 

plagiocephalus Snake-eyed Skink 
  

 X 
  

Ctenotus grandis subsp. titan Grand Ctenotus 
  

 X 
  

Ctenotus hanloni Nimble Ctenotus 
  

 X 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Ctenotus iapetus 
North West Cape 
Ctenotus 

  
 X 

  Ctenotus pantherinus subsp. 
ocellifer  Leopard Ctenotus 

  
 X 

  

Ctenotus rufescens 
Rufous Finesnout 
Ctenotus 

  
 X 

  
Ctenotus saxatilis  Rock Ctenotus 

  
 X 

  
Cyclodomorphus melanops Slender Blue-tongue 

  
 X 

  

Eremiascincus isolepis 
Northern Bar-lipped 
Skink 

  
 X 

  

Eremiascincus pallidus 
Western Narrow-
banded Skink 

  
 X 

  

Eremiascincus richardsonii 
Broad-banded Sand 
Swimmer 

  
 X 

  
Lerista allochira  Cape Range Slider P3 

 
 X X X 

Lerista bipes 
North-western 
Sandslider 

  
 X 

 
X 

Lerista clara 
Sharp-blazed Three-
toed Slider 

  
 X 

  
Lerista elegans Elegant Slider 

  
 X 

 
X 

Lerista macropisthopus subsp. 
fusciceps 

Unpatterned Robust 
Slider 

  
 X 

 
X 

Lerista miopus 
Northern Dotted-line 
Robust Slider 

  
 X 

 
X 

Lerista planiventralis Keeled Slider 
  

 X 
 

X 

Menetia greyii Common Dwarf Skink 
  

 X 
 

X 

Menetia surda Western Dwarf Skink 
  

 X 
  

Morethia lineoocellata 
West Coast Morethia 
Skink 

  
 X 

 
X 

Morethia ruficauda subsp. 
exquisita Lined Firetail Skink 

  
 X 

 
X 

Notoscincus ornatus 
Ornate Soil-crevice 
Skink 

  
 X 

 
X 

VARANIDAE 
   

 
   

Varanus acanthurus  Spiny-tailed Monitor 
  

 X 
  

Varanus brevicauda 
Short-tailed Pygmy 
Monitor 

  
 X 

  
Varanus eremius Pygmy Desert Monitor 

  
 X 

  
Varanus giganteus Perentie 

  
 X 

  
Varanus gouldii Sand Monitor 

  
 X 

  
Varanus tristis Racehorse Monitor 

  
 X 

  
Birds 

   
 

   
ACANTHIZIDAE 

   
 

   
Calamanthus campestris Rufous Fieldwren 

  
 X 

 
X 

Gerygone fusca Western Gerygone 
  

 X 
  

Smicrornis brevirostris Weebill 
  

 X 
  

Pyrrholaemus brunneus Redthroat 
  

 X 
  

ACCIPITRIDAE 
   

 
   

Accipiter cirrocephalus  Collared Sparrowhawk 
  

 X 
  

Accipiter fasciatus  Brown Goshawk 
  

 X 
  

Aquila audax Wedge-tailed Eagle 
  

 X 
 

X 

Circus approximans Swamp Harrier 
  

 X 
  

Circus assimilis Spotted Harrier 
  

 X 
 

X 

Elanus axillaris Black-shouldered Kite 
  

 X 
 

X 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Haliaeetus leucogaster White-bellied Sea-Eagle 
  

 X 
  

Haliastur indus Brahminy Kite 
  

 X 
  

Haliastur sphenurus Whistling Kite 
  

 X 
 

X 

Hieraaetus morphnoides Little Eagle 
  

 X 
  

Milvus migrans Black Kite 
  

 X 
  

AEGOTHELIDAE 
   

 
   

Aegotheles cristatus 
Australian Owlet-
nightjar 

  
 X 

  
ALAUDIDAE 

   
 

   
Mirafra javanica Horsfield's Bushlark 

  
 X 

  
ALCEDINIDAE 

   
 

   
Todiramphus pyrrhopygius Red-backed Kingfisher 

  
 X 

  
Todiramphus sanctus Sacred Kingfisher 

  
 X 

  
ANATIDAE 

   
 

   
Anas gracilis Grey Teal 

  
 X 

  Anas platyrhynchos subsp. 
domesticus Domestic Duck 

  
 X 

  
Anas superciliosa Pacific Black Duck 

  
 X 

  
Cygnus atratus Black Swan 

  
 X 

  
ANHINGIDAE 

   
 

   
Anhinga novaehollandiae  Australasian Darter 

  
 X 

  
ARDEIDAE 

   
 

   
Ardea modesta Great Egret 

  
 X 

  
Ardea sacra Eastern Reef Egret 

  
 X 

  
Butorides striata Striated Heron 

  
 X 

  
Egretta garzetta Little Egret 

  
 X 

  
Egretta novaehollandiae White-faced Heron 

  
 X 

  
Nycticorax caledonicus Nankeen Night Heron 

  
 X 

  
ARTAMIDAE 

   
 

   

Artamus cinereus 
Black-faced 
Woodswallow 

  
 X 

  

Artamus leucorynchus 
White-breasted 
Woodswallow 

  
 X 

  
Artamus minor Little Woodswallow 

  
 X 

  
Artamus personatus Masked Woodswallow 

  
 X 

  
BURHINIDAE 

   
 

   
Esacus magnirostris Beach Stone-curlew 

  
 X 

  
CACATUIDAE 

   
 

   
Cacatua roseicapilla Galah 

  
 X 

  
Cacatua sanguinea Little Corella 

  
 X 

  
Nymphicus hollandicus Cockatiel 

  
 X 

  
CAMPEPHAGIDAE 

   
 

   

Coracina novaehollandiae 
Black-faced Cuckoo-
shrike 

  
 X 

 
X 

Lalage tricolor White-winged Triller 
  

 
  

X 

CHARADRIIDAE 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Charadrius leschenaultii Greater Sand Plover 

IA (VU 
at 
subsp. 
level)   X X  

Charadrius mongolus Lesser Sand Plover 
EN & 
IA 

 
 X X 

 
Charadrius ruficapillus Red-capped Plover 

  
 X 

  
Charadrius veredus Oriental Plover IA 

 
 

 
X 

 
Elseyornis melanops Black-fronted Dotterel 

  
 X 

  
Erythrogonys cinctus Red-kneed Dotterel 

  
 X 

  
Pluvialis fulva Pacific Golden Plover IA 

 
 

 
X 

 
Pluvialis squatarola Grey Plover IA 

 
 X X 

 
Vanellus tricolor Banded Lapwing 

  
 X 

  
COLUMBIDAE 

   
 

   
Columba livia Domestic Pigeon Y 

 
 X 

  
Geopelia cuneata Diamond Dove 

  
 X 

  
Geopelia humeralis Bar-shouldered Dove 

  
 X 

  
Geopelia striata Zebra Dove 

  
 X 

  
Geophaps plumifera Spinifex Pigeon 

  
 X 

  
Ocyphaps lophotes Crested Pigeon 

  
 X 

  
CORVIDAE 

   
 

   
Corvus bennetti Little Crow 

  
 X 

  
Corvus orru Torresian Crow 

  
 X 

 
X 

CRACTICIDAE 
   

 
   

Cracticus nigrogularis Pied Butcherbird 
  

 X 
 

X 

Cracticus tibicen Australian Magpie 
  

 X 
  

Cracticus torquatus Grey Butcherbird 
  

 X 
  

CUCULIDAE 
   

 
   

Cacomantis pallidus Pallid Cuckoo 
  

 X 
  

Chrysococcyx basalis 
Horsefield's Bronze-
cuckoo 

  
 

  
X 

DICAEIDAE 
   

 
   

Dicaeum hirundinaceum  Mistletoebird 
  

 X 
  

DIOMEDEIDAE 
   

 
   

Thalassarche chlororhynchos 
Atlantic Yellow-nosed 
Albatross VU 

 
 X X 

 
DROMAIIDAE 

   
 

   
Dromaius novaehollandiae Emu 

  
 X 

 
X 

ESTRILDIDAE 
   

 
   

Emblema pictum Painted Finch 
  

 X 
 

X 

Neochmia ruficauda Star Finch 
  

 X 
  

Taeniopygia guttata Zebra Finch 
  

 X 
 

X 

FALCONIDAE 
   

 
   

Falco berigora Brown Falcon 
  

 X 
 

X 

Falco cenchroides Australian Kestrel 
  

 X 
 

X 

Falco longipennis Australian Hobby 
  

 X 
  

Falco peregrinus Peregrine Falcon OS 
 

 
 

X 
 

GLAREOLIDAE 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Glareola maldivarum Oriental Pratincole IA 
 

 X X 
 

HAEMATOPODIDAE 
   

 
   

Haematopus fuliginosus  Sooty Oystercatcher 
  

 X 
  

Haematopus longirostris Pied Oystercatcher 
  

 X 
  

HIRUNDINIDAE 
   

 
   

Hirundo neoxena Welcome Swallow 
  

 X 
  

Petrochelidon ariel Fairy Martin 
  

 X 
  

Petrochelidon nigricans Tree Martin 
  

 X 
  

LARIDAE 
   

 
   

Larus novaehollandiae Silver Gull 
  

 X 
 

X 

Sterna albifrons Little Tern IA 
 

 X 
  

Sterna bengalensis Lesser Crested Tern 
  

 X 
  

Sterna bergii Crested Tern IA 
 

 X X 
 

Sterna caspia Caspian Tern IA 
 

 X 
  

Sterna dougallii Roseate Tern IA 
 

 X X 
 

Sterna hirundo Common Tern IA 
 

 
 

X 
 

Sterna leucoptera 
White-winged Black 
Tern IA 

 
 X X 

 
Sterna nereis Fairy Tern 

  
X X 

  
LOCUSTELLIDAE 

   
 

   
Eremiornis carteri Spinifexbird 

  
 X 

 
X 

MALURIDAE 
   

 
   

Malurus lamberti Variegated Fairy-wren 
  

 X 
  

Malurus leucopterus 
White-winged Fairy-
wren 

  
 X 

 
X 

Stipiturus ruficeps 
Rufous-crowned Emu-
wren 

  
 X 

 
X 

MELIPHAGIDAE 
   

 
   

Gavicalis virescens Singing Honeyeater 
  

 X 
 

X 

Acanthagenys rufogularis  
Spiny-cheeked 
Honeyeater 

  
 X 

  
Lichmera indistincta Brown Honeyeater 

  
 X 

 
X 

Manorina flavigula Yellow-throated Miner 
  

 X 
 

X 

Ptilotula keartlandi 
Grey-headed 
Honeyeater 

  
 X 

  
Epthianura tricolor Crimson Chat 

  
 X 

  
Certhionyx variegatus Pied Honeyeater 

  
 X 

  
MEROPIDAE 

   
 

   
Merops ornatus Rainbow Bee-eater 

  
 X 

 
X 

MONARCHIDAE 
   

 
   

Grallina cyanoleuca Magpie-lark 
  

 X 
  

OCEANITIDAE 
   

 
   

Oceanites oceanicus Wilson's Storm-petrel IA 
 

 X 
  

OREOICIDAE 
   

 
   

Oreoica gutturalis Crested Bellbird 
  

 X 
  

OTIDIDAE 
   

 
   

Ardeotis australis Australian Bustard 
  

 X 
  

PACHYCEPHALIDAE 
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Family and species Common name 
Cons. 
Code Naturalised PMST NatureMap 

DBCA 
database 

Field 
Survey 

Colluricincla harmonica Grey Shrike-thrush 
  

 X 
  

PANDIONIDAE 
   

 
   

Pandion haliaetus Osprey IA 
 

 X 
 

X 

PARDALOTIDAE 
   

 
   

Pardalotus striatus Striated Pardalote 
  

 X 
 

X 

Pardalotus rubricatus Red-browed Pardalote 
  

 
  

X 

PELECANIDAE 
   

 
   

Pelecanus conspicillatus Australian Pelican 
  

 X 
  

PHAETHONTIDAE 
   

 
   

Phaethon lepturus White-tailed Tropicbird IA 
 

 X X 
 

PHALACROCORACIDAE 
   

 
   

Phalacrocorax sulcirostris Little Black Cormorant 
  

 X 
  

Phalacrocorax varius Pied Cormorant 
  

 X 
  

PODARGIDAE 
   

 
   

Podargus strigoides Tawny Frogmouth 
  

 X 
  

PODICIPEDIDAE 
   

 
   

Poliocephalus poliocephalus Hoary-headed Grebe 
  

 X 
  

Tachybaptus novaehollandiae Australasian Grebe 
  

 X 
  

POMATOSTOMIDAE 
   

 
   

Pomatostomus temporalis Grey-crowned Babbler 
  

 X 
  

PROCELLARIIDAE 
   

 
   

Macronectes giganteus Southern Giant Petrel IA  X    

Puffinus huttoni Hutton's Shearwater EN 
 

 X X 
 

PSITTACIDAE 
   

 
   

Platycercus zonarius Australian Ringneck 
  

 X 
  

Melopsittacus undulatus Budgerigar 
  

 X 
  

Pezoporus occidentalis Night Parrot EN  X    

PTILONORHYNCHIDAE 
   

 
   

Ptilonorhynchus guttatus Western Bowerbird 
  

 X 
 

X 

RALLIDAE 
   

 
   

Fulica atra Eurasian Coot 
  

 X 
  

Gallirallus philippensis Buff-banded Rail 
  

 X 
  

RECURVIROSTRIDAE 
   

 
   

Himantopus himantopus Black-winged Stilt 
  

 X 
  

RHIPIDURIDAE 
   

 
   

Rhipidura albiscapa Grey Fantail 
  

 X 
  

Rhipidura leucophrys  Willie Wagtail 
  

 X 
 

X 

Rhipidura phasiana Mangrove Grey Fantail 
  

 X 
  

SCOLOPACIDAE 
   

 
   

Arenaria interpres Ruddy Turnstone IA 
 

 X X 
 

Calidris acuminata Sharp-tailed Sandpiper IA 
 

 X X 
 

Calidris alba Sanderling IA 
 

 X X 
 

Calidris canutus Red Knot 

IA (VU 
at 
subsp. 
level)  X  X  
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DBCA 
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Calidris ferruginea Curlew Sandpiper 
VU & 
IA 

 
X 

 
X 

 
Calidris ruficollis Red-necked Stint IA 

 
 

 
X 

 
Calidris subminuta Long-toed Stint IA 

 
 X X 

 

Limosa lapponica Bar-tailed Godwit 

IA (VU 
at 
subsp. 
level)  X  X  

Numenius madagascariensis Eastern Curlew EN  X    

Numenius minutus Little Curlew IA 
 

 X X 
 

Numenius phaeopus Whimbrel IA 
 

 X X 
 

Tringa brevipes Grey-tailed Tattler P4 
 

 X 
  

Tringa glareola Wood Sandpiper IA 
 

 X X 
 

Tringa hypoleucos  Common Sandpiper IA 
 

 X 
  

Tringa nebularia Common Greenshank IA 
 

 X X 
 

Tringa stagnatilis Marsh Sandpiper IA 
 

 X X 
 

STURNIDAE 
   

 
   

Gelochelidon nilotica Gull-billed Tern IA 
 

 X 
  

THRESKIORNITHIDAE 
   

 
   

Plegadis falcinellus Glossy Ibis IA 
 

 
 

X 
 

Threskiornis spinicollis Straw-necked Ibis 
  

 X 
  

TURNICIDAE 
   

 
   

Turnix velox Little Button-quail 
  

 X 
  

ZOSTEROPIDAE 
   

 
   

Zosterops luteus Yellow White-eye 
  

 X 
  

Amphibians 
   

 
   

HYLIDAE 
   

 
   

Cyclorana maini Sheep Frog 
  

 X 
  

MYOBATRACHIDAE 
   

 
   

Neobatrachus aquilonius 
Northern Burrowing 
Frog 

  
 X 

  
Neobatrachus fulvus Tawny Trilling Frog 

  
 X 
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Table 20: Conservation significant fauna likelihood assessment 

Species with darker blue shading were recorded during the field survey. 

Taxonomic 
Group Species Common name Cons. Code 

Desktop 
Likelihood 

Mammals Dasyurus hallucatus Northern Quoll EN Very low 

 
Petrogale lateralis  Black-flanked Rock-wallaby EN Very low 

 
Rhinonicteris aurantia (Pilbara form) Pilbara Leaf-nosed Bat VU Very low 

Reptiles Aprasia rostrata Ningaloo Worm-lizard P3 Medium 

 
Diplodactylus capensis Cape Range Stone Gecko P2 Medium 

 
Lerista allochira  Cape Range Slider P3 Recorded 

Birds Arenaria interpres Ruddy Turnstone IA Medium 

 
Calidris acuminata Sharp-tailed Sandpiper IA Medium 

 
Calidris alba Sanderling IA Medium 

 
Calidris canutus Red Knot IA (VU at subsp. level) Medium 

 
Calidris ferruginea Curlew Sandpiper VU & IA Low 

 
Calidris ruficollis Red-necked Stint IA Low 

 
Calidris subminuta Long-toed Stint IA Medium 

 Charadrius leschenaultii Greater Sand Plover IA (VU at subsp. level) Medium 

 
Charadrius mongolus Lesser Sand Plover EN & IA Medium 

 
Charadrius veredus Oriental Plover IA Low 

 
Falco peregrinus Peregrine Falcon OS Low 

 
Gelochelidon nilotica Gull-billed Tern IA Medium 

 
Glareola maldivarum Oriental Pratincole IA Medium 

 
Limosa lapponica subsp. baueri Bar-tailed Godwit VU & IA Low 

 
Macronectes giganteus Southern Giant Petrel IA Very Low 

 
Numenius madagascariensis Eastern Curlew EN Medium 

 
Numenius minutus Little Curlew IA Medium 

 
Numenius phaeopus Whimbrel IA Low 

 
Oceanites oceanicus Wilson's Storm-petrel IA Medium 

 
Pandion haliaetus Eastern Osprey IA Recorded 

 
Pezoporus occidentalis Night Parrot EN Very Low 

 
Phaethon lepturus White-tailed Tropicbird IA Medium 

 
Plegadis falcinellus Glossy Ibis IA Low 

 
Pluvialis fulva Pacific Golden Plover IA Low 

 
Pluvialis squatarola Grey Plover IA Low 

 
Puffinus huttoni Hutton's Shearwater EN Very low 

 Sterna albifrons Little Tern IA Medium 

 Sterna bergii Crested Tern IA Recorded 

 
Sterna caspia Caspian Tern IA Medium 

 
Sterna dougallii Roseate Tern IA Low 

 
Sterna hirundo Common Tern IA Very low 

 Sterna leucopterus White-winged Black Tern IA Medium 

 
Sterna nereis Fairy Tern VU Medium 

 
Thalassarche chlororhynchos Atlantic Yellow-nosed Albatross VU Low 

 
Tringa brevipes Grey-tailed Tattler P4 High 

 
Tringa glareola Wood Sandpiper IA Medium 

 Tringa hypoleucos  Common Sandpiper IA Recorded 

 
Tringa nebularia Common Greenshank IA Low 

 
Tringa stagnatilis Marsh Sandpiper IA Medium 
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APPENDIX THREE FLORA FIELD SURVEY RESULTS 

Table 21: Flora site x species 

Family Species 
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Acanthaceae 
Dipteracanthus australasicus subsp. 
australasicus            

X 
        

X 
 

 
Dipteracanthus australasicus subsp. 
corynothecus                   

X 
   

Aizoaceae Trianthema pilosum 
             

X 
        

Amaranthaceae Aerva javanica * 
         

X 
          

X 

 
Amaranthus clementii 

                     
X 

 
Amaranthus undulatus 

                     
X 

 
Ptilotus axillaris 

   
X 

                  

 
Ptilotus clementii 

          
X 

          
X 

 
Ptilotus nobilis subsp. nobilis 

     
X X X 

 
X X X 

      
X X X 

 

 
Ptilotus obovatus 

        
X 

 
X X 

       
X X 

 

Apocynaceae Cynanchum viminale 
       

X X 
 

X 
       

X 
  

X 

Arecaceae Phoenix dactylifera * 
                    

X 

Asparagaceae Acanthocarpus humilis 
     

X X X 
             

X 

 
Acanthocarpus preissii 

                 
X 

   
X 

 
Acanthocarpus verticillatus 

                     
X 

 
Acanthocarpus ?verticillatus 

  
X 

 
X 

                 

 
Thysanotus exfimbriatus 

   
X 

 
X X X X 

  
X 

 
X X X X 

    
X 

 Unidentified succulent *                     X 

Asteraceae Angianthus cunninghamii 
                 

X 
   

X 

 
Asteraceae sp. 

                 
X 

    

 
Bidens subalternans var. simulans * 

       
X 

 
X X 

         
X 

 
Launaea sarmentosa 

                 
X 

    

 
Olearia sp. Kennedy Range (G. Byrne 66) 

               
X 

      

 
Pterocaulon sphaeranthoides 

     
X X 

  
X 

      
X 

 
X 

  
X 
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Sonchus oleraceus * 

       
X 

  
X 

         
X 

Boraginaceae Heliotropium crispatum 
                

X 
    

X 

 
Heliotropium glanduliferum 

  
X X X X X 

  
X X 

  
X X 

       

 
Trichodesma zeylanicum var. zeylanicum 

  
X X X 

  
X X 

             

Campanulaceae Wahlenbergia tumidifructa 
                     

X 

Capparaceae Capparis spinosa subsp. nummularia 
            

X 
        

X 

Celastraceae Stackhousia umbellata 
 

P3 
   

X X X X X 
        

X 
  

X 

Chenopodiaceae Atriplex sp. 
                 

X 
   

X 

 
Dysphania plantaginella 

  
X X X 

 
X X 

              

 
Enchylaena tomentosa 

        
X 

 
X X 

          

 
Rhagodia preissii subsp. obovata 

    
X 

   
X 

   
X 

  
X X 

     

 
Salsola australis 

          
X 

 
X 

         

 
Threlkeldia diffusa 

            
X 

  
X X X 

    

Colchicaceae Wurmbea odorata 
   

X 
    

X X 
        

X 
   

Commelinaceae Commelina ensifolia 
  

X X X 
         

X 
       

Convolvulaceae Evolvulus alsinoides var. decumbens 
   

X 
 

X 
    

X 
       

X 
 

X 
 

 
Ipomoea costata 

   
X 

   
X X 

  
X 

      
X 

  
X 

 
Ipomoea pes-caprae subsp. brasiliensis 

                 
X 

   
X 

Cucurbitaceae Cucumis variabilis 
   

X 
 

X 
  

X 
  

X 
          

Cyperaceae Bulbostylis barbata 
  

X 
 

X 
        

X X 
       

Dilleniaceae Hibbertia spicata subsp. spicata 
     

X X X X X 
        

X 
   

Euphorbiaceae Adriana tomentosa var. tomentosa 
  

X 
                  

2 

 
Euphorbia sharkoensis 

        
X 

 
X 

           

 
Euphorbia sp.  

               
X 

   
X 

 
X 

 
Euphorbia tannensis subsp. eremophila 

  
X X X 

     
X X 

 
X X 

       

Fabaceae Acacia arida                   X X   

 
Acacia ?bivenosa 

                  
X 
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Acacia bivenosa 

  
X 

  
X 

 
X X X X X 

       
X X 

 

 
Acacia coriacea subsp. coriacea 

  
X 

  
X 

  
X 

  
X X X X X X 

  
X 

 
X 

 
Acacia gregorii 

   
X X X X 

  
X 

   
X X 

   
X 

   

 
Acacia pyrifolia var. pyrifolia 

           
X 

      
X X 

 
X 

 
Acacia sclerosperma subsp. sclerosperma 

   
X 

            
X 

     

 
Acacia spathulifolia 

  
X 

 
X 

  
X 

     
X 

        

 
Acacia tetragonophylla 

        
X 

  
X 

      
X 

   

 
Crotalaria cunninghamii 

              
X 

      
X 

 
Daviesia pleurophylla 

 
P2 

  
X 

        
X 

       
X 

 
Indigofera boviperda subsp. boviperda 

  
X X X 

        
X X X X 

  
X 

  

 
Indigofera monophylla 

     
X X X X X X X 

      
X X X X 

 
Indigofera sp. 

   
X 

                  

 
Labichea cassioides 

      
X X X 

            
X 

 
Leptosema macrocarpum 

     
X X X 

 
X 

        
X 

   

 
Lotus australis 

                
X X 

   
X 

 
Rhynchosia minima 

   
X 

      
X X 

  
X 

       

 
Senna artemisioides subsp. oligophylla 

        
X 

  
X 

      
X 

 
X X 

 
Senna glutinosa subsp. glutinosa 

                     
X 

 
Senna glutinosa subsp. pruinosa 

     
X 

               
X 

 
Tephrosia rosea var. clementii 

                    
X 

 

Geraniaceae Erodium cygnorum 
   

X 
    

X 
  

X 
          

Goodeniaceae Dampiera incana var. incana 
  

X 
  

X X X 
 

X 
  

X 
  

X X 
 

X X 
  

 
Lechenaultia subcymosa 

                  
X 

   

 
Scaevola ?pulchella 

  
X X 

 
X 

       
X 

        

 
Scaevola sericophylla 

  
X X X 

  
X X 

    
X X X X 

     

 
Scaevola spinescens 

        
X 

  
X 

          

 
Scaevola tomentosa 

        
X 

  
X 

      
X X 

 
X 
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Gyrostemonaceae Gyrostemon ramulosus 
  

X 
  

X 
                

Hemerocallidaceae Corynotheca flexuosissima 
            

X 
  

X X X 
    

 
Tricoryne corynothecoides 

   
X 

  
X 

               

Lamiaceae Clerodendrum tomentosum var. tomentosum 
        

X 
     

X 
      

X 

 
Quoya loxocarpa 

  
X X 

          
X 

       

Lauraceae Cassytha aurea var. aurea 
      

X X X 
             

 
Cassytha capillaris 

   
X 

  
X 

               

Loganiaceae Logania litoralis 
        

X X 
           

X 

Malvaceae Abutilon fraseri 
        

X 
 

X 
           

 
Abutilon sp.  

    
X X 

                

 
Alyogyne pinoniana 

    
X 

 
X X 

   
X 

          

 
Alyogyne aff. pinoniana 

    
X 

   
X 

    
X 

    
X 

 
X 

 

 
Brachychiton obtusilobus 

 
P4 

      
X 

            
X 

 
Corchorus ?congener 

 
P3 

              
X 

     

 
Corchorus carnarvonensis 

  
X 

 
X 

 
X 

 
X 

 
X X X X X X 

      

 
Corchorus crozophorifolius 

         
X 

        
X 

 
X 

 

 
Gossypium robinsonii 

        
X 

  
X 

       
X X 

 

 
Hannafordia quadrivalvis subsp. recurva 

  
X 

 
X X X X 

 
X 

    
X 

    
X 

  

 
Hibiscus leptocladus 

         
X X 

           

 
Melhania oblongifolia 

          
X 

           

 
Seringia hermanniifolia 

  
X 

                   

 
Sida rohlenae subsp. rohlenae 

  
X 

                   

Meliaceae Owenia reticulata 
  

X 
                  

X 

Menispermaceae Tinospora esiangkara 
 

P2 
 

X 
                 

X 

Montiaceae Calandrinia sp.  
                     

X 

Moraceae Ficus brachypoda 
        

X 
  

X 
       

X X 
 

Myrtaceae Calytrix truncatifolia 
                     

X 
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Corymbia hamersleyana 

                  
X 

   

 
Corymbia zygophylla 

              
X 

      
X 

 
Eucalyptus xerothermica 

                     
X 

 
Melaleuca cardiophylla 

     
X X X 

 
X 

 
X 

      
X 

  
X 

 
Thryptomene baeckeacea 

        
X 

             

 
Verticordia forrestii 

  
X 

                   

Nyctaginaceae Boerhavia coccinea 
         

X 
            

 
Commicarpus australis 

    
X 

   
X 

 
X X X X 

 
X X 

     

Olacaceae Olax aurantia 
  

X 
                   

Oleaceae Jasminum sp. Exmouth (G. Marsh 77) 
    

X 
  

X X 
  

X 
 

X 
    

X 
  

X 

Passifloraceae Passiflora foetida * 
                    

X 

Phyllanthaceae Phyllanthus hamelinii 
       

X 
             

X 

 
Synostemon rhytidospermus 

                     
X 

Pittosporaceae Pittosporum phillyreoides 
           

X 
       

X 
  

Plumbaginaceae Plumbago zeylanica 
                     

X 

Poaceae Aristida holathera var. holathera 
                     

X 

 
Cenchrus ciliaris * 

 
X X X 

   
X 

 
X X X X 

 
X X 

  
X X 

 

 
Cymbopogon ambiguus 

     
X 

 
X X 

  
X 

        
X 

 

 
Enneapogon lindleyanus 

                  
X 

  
X 

 
Eragrostis eriopoda 

  
X 

 
X X 

                

 
Eriachne aristidea 

                     
X 

 
Eriachne mucronata 

      
X 

  
X 

        
X X 

  

 
Eulalia aurea 

         
X 

            

 
Paraneurachne muelleri 

       
X 

              

 
Paspalidium clementii 

       
X 

             
X 

 
Poaceae sp.1 

        
  

            

 Poaceae sp.2         X X             
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 Poaceae sp.3                   X    

 
Poaceae sp.4 

     
X 

                

 
Spinifex longifolius 

            
X 

  
X 

 
X 

    

 
Sporobolus virginicus 

                 
X 

   
X 

 
Themeda triandra 

         
X 

           
X 

 
Triodia angusta 

        
X X X X 

      
X X 

  

 
Triodia epactia 

  
X X 

 
X 

 
X X 

   
X 

  
X X X 

 
X X X 

 
Triodia glabra 

  
X X X X X X 

     
X X 

     
X 

 

 
Triodia schinzii 

             
X 

        

 
Triodia wiseana 

     
X 

               
X 

 
Whiteochloa airoides 

            
X 

  
X X X 

    

Portulacaceae Portulaca oleracea 
            

X 
  

X X 
     

Proteaceae Banksia ashbyi subsp. boreoscaia 
  

X 
          

X 
        

 
Grevillea ?eriostachya 

             
X 

        

 
Grevillea calcicola 

 
P3 

     
X 

              

 
Grevillea stenobotrya 

  
X 

 
X 

 
X 

               

 
Grevillea variifolia subsp. variifolia 

     
X 

 
X X 

          
X X 

 

 
Hakea stenophylla subsp. stenophylla 

    
X X X 

      
X 

        

Rubiaceae Oldenlandia crouchiana 
                    

X 
 

Santalaceae Exocarpos aphyllus 
      

X X X 
  

X 
      

X 
  

X 

 
Exocarpos sparteus 

  
X 

  
X 

                

 
Santalum sp. 

                     
X 

Sapindaceae Alectryon oleifolius subsp. oleifolius 
    

X 
   

X 
  

X 
          

 
Diplopeltis eriocarpa 

                     
X 

Scrophulariaceae Eremophila forrestii subsp. capensis 
 

P3 
   

X 
 

X X X 
        

X 
  

X 

 
Eremophila longifolia 

          
X X 

          

Solanaceae Duboisia hopwoodii 
  

X 
          

X 
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Solanum cleistogamum 

             
X 

        

 
Solanum diversiflorum 

     
X 

 
X 

      
X 

      
X 

 
Solanum lasiophyllum 

  
X 

  
X X X X X X X X 

 
X X X 

 
X X X 

 

Tamaricaceae Tamarix aphylla * 
                    

X 

Thymelaeaceae Pimelea ammocharis 
     

X 
               

X 

Violaceae Hybanthus aurantiacus 
     

X X X 
 

X 
           

X 

Zygophyllaceae Tribulus ?occidentalis 
   

X 
 

X 
               

X 

 
Tribulus suberosus 

        
X X 

 
X 

      
X 

  
X 

 
Zygophyllum fruticulosum 

               
X 

      

 
Zygophyllum retivalve 

       
X X X X X 
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 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Brachychiton obtusilobus  TPFL Pop. No:        

OBSERVATION DATE: 11/07/2018  CONSERVATION STATUS:   P4  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 200 m southeast of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7585369.528 No. satellites:      Map used:       

Long / Easting:  201286.342 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²):       

EFFORT:  Time spent surveying (minutes):        No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 1                   Area of pop (m²):  1  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

                    

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Melaleuca cardiophylla mid open shrubland 

2. Triodia glabra, Triodia angusta and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

Recorded 5 plants within 350 m of Vlamingh Head Lighthouse 

       

      

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       

Submitter of Record:  Lynette Atkins       Role:  Associate Environmental Scientist       Signed:                              Date:   17/08/2018 



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Daviesia pleurophylla  TPFL Pop. No:        

OBSERVATION DATE: 13/07/2018  CONSERVATION STATUS:   P2  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 750 m southeast of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7584955.018 No. satellites:      Map used:       

Long / Easting:  201681.26 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²):       

EFFORT:  Time spent surveying (minutes):        No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 100                   Area of pop (m²):  20 ha  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

Dunes and 
swales 

             
 

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Banksia ashbyi subsp. boreoscaia and Daviesia pleurophylla tall sparse shrubland 

2. Triodia glabra, Scaevola sericophylla and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

Specimen will be lodged in WA Herbarium 

Specimen No. 4216-FL-19 

Dominant and characteristic species within vegetation type (on red Pindan dunes and swales) 

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       

Submitter of Record:  Lynette Atkins       Role:  Associate Environmental Scientist       Signed:                              Date:   17/08/2018 



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Eremophila forrestii subsp. capensis  TPFL Pop. No:        

OBSERVATION DATE: 11/07/2018  CONSERVATION STATUS:   P3  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 150 m southeast of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7585437.30 No. satellites:      Map used:       

Long / Easting:  201305.73 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²):       

EFFORT:  Time spent surveying (minutes):        No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 20-30                   Area of pop (m²):  1  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

                    

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Melaleuca cardiophylla mid open shrubland 

2. Triodia glabra, Triodia angusta and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

One specimen will be lodged in WA Herbarium 

           

Occurs occasionally in small groups in the vegetation type, most frequently in exposed situations 

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       

Submitter of Record:  Lynette Atkins       Role:  Associate Environmental Scientist       Signed:                              Date:   17/08/2018 



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Grevillea calcicola  TPFL Pop. No:        

OBSERVATION DATE: 11/07/2018  CONSERVATION STATUS:   P3  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 300 m south of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7585296.69 No. satellites:      Map used:       

Long / Easting:  201202.226 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²):       

EFFORT:  Time spent surveying (minutes):        No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 1                   Area of pop (m²):  1  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

                    

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Melaleuca cardiophylla mid open shrubland 

2. Triodia glabra, Triodia angusta and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

Vegetative specimen only 

           

      

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       

Submitter of Record:  Lynette Atkins       Role:  Associate Environmental Scientist       Signed:                              Date:   17/08/2018 



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Stackhousia umbellata  TPFL Pop. No:        

OBSERVATION DATE: 11/07/2018  CONSERVATION STATUS:   P3  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 300 m south of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7585201.094 No. satellites:      Map used:       

Long / Easting:  201902.669 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²):       

EFFORT:  Time spent surveying (minutes):        No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 1000s                   Area of pop (m²):  1  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

                    

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Melaleuca cardiophylla mid open shrubland 

2. Triodia glabra, Triodia angusta and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

Characteristic but not dominant species in entire vegetation type; density ranges from 2-20 per 100 m2 area 

Mostly observed growing through Triodia clumps       

      

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       

Submitter of Record:  Lynette Atkins       Role:  Associate Environmental Scientist       Signed:                              Date:   17/08/2018 



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

Please complete as much of the form as possible, with emphasis on those sections bordered in black. For information on how to complete 

the form please refer to the Threatened & Priority Flora Report Form (TPRF) manual on the DBCA website at http://dpaw.wa.gov.au/ under Standard Report Forms 
 

TAXON: Tinospora esiangkara  TPFL Pop. No:        

OBSERVATION DATE: 10/07/2018  CONSERVATION STATUS:   P2  New population    

OBSERVER/S: Lyn Atkins PHONE: 9430 8955 

ROLE: Associate Environmental Scientist ORGANISATION: Ecoscape 
 

DESCRIPTION OF LOCATION (Provide at least nearest town/named locality, and the distance and direction to that place):       

Approximately 900 m east of Vlamingh Head Lighthouse, North West Cape 

      

      Reserve No:         

DBCA DISTRICT: Pilbara LGA: Exmouth Land manager present:     

DATUM:  
  

  GDA94 / MGA94   

  AGD84 / AMG84   

 WGS84   

 Unknown    

COORDINATES:  (If UTM coords provided, Zone is also required) 

 DecDegrees    DegMinSec    UTMs   

METHOD USED:    

 GPS    Differential GPS    Map   

Lat / Northing: 7585391.765 No. satellites:      Map used:       

Long / Easting:  202071.411 
Boundary polygon 
captured:            

Map scale:       

ZONE: 50   

LAND TENURE: 

Nature reserve   

National park   

Conservation park   

Timber reserve   

State forest   

Water reserve    

Private property   

Pastoral lease   

UCL   

Rail reserve   

MRWA road reserve   

SLK/Pole            to             

Shire road reserve   

 Other Crown reserve   

Specify other:                     

 

AREA ASSESSMENT:  Edge survey   Partial survey   Full survey    Area observed (m²): 900 

EFFORT:  Time spent surveying (minutes):  2 hrs No. of minutes spent / 100 m
2
:        

POP’N COUNT ACCURACY:   Actual   Extrapolation    Estimate        Count method:  

 (Refer to field manual for list) 
      

WHAT COUNTED:   Plants    Clumps    Clonal stems    

TOTAL POP’N STRUCTURE: Mature: Juveniles: Seedlings: Totals:  

 Alive 1                   Area of pop (m²):  1  

 Dead                         
Note: Pls record count as numbers 
(not percentages) for database. 

QUADRATS PRESENT:  No.       Size             Data attached    Total area of quadrats  (m²):         

Summary Quad. Totals: Alive                           

REPRODUCTIVE STATE:  Clonal    Vegetative   Flowerbud    Flower    

 Immature fruit    Fruit    Dehisced fruit   Percentage in flower:       % 
 

CONDITION OF PLANTS:  Healthy    Moderate   Poor    Senescent     

COMMENT:         
 

THREATS - type, agent and supporting information: Current 

impact 

(N-E) 

Potential 

Impact 

(L-E) 

Potential 

Threat 

Onset 

(S-L) 

Eg clearing, too frequent fire, weed, disease. Refer to field manual for list of threats & agents. Specify agent where relevant. 

 Rate current and potential threat impact: N=Nil, L=Low, M=Medium, H=High, E=Extreme 

 Estimate time to potential impact: S=Short (<12mths), M=Medium (<5yrs), L=Long (5yrs+)   

       
                  

       

       
                  

       

       
                  

       



 Threatened and Priority 

 Flora Report Form Version 1.3 August 2017 

Please return completed form to Species And Communities Branch DBCA,  

Locked Bag 104, BENTLEY DELIVERY CENTRE WA 6983 OR email to: flora.data@dbca.wa.gov.au 
RECORDS: Please forward to Flora Administrative Officer, Species and Communities Branch.   

Record entered by:________________________    Sheet No.:____________      Record Entered in Database  

 

HABITAT INFORMATION:     

LANDFORM: 

 Crest   

 Hill   

 Ridge   

 Outcrop   

 Slope   

 Flat   

 Open depression   

 Drainage line   

 Closed depression   

 Wetland   

ROCK TYPE: 

 Granite   

 Dolerite   

 Laterite   

 Ironstone   

 Limestone   

 Quartz   

Specify other: 

LOOSE ROCK: 

(on soil surface; eg 
gravel, quartz fields) 

  

 0-10%   

   10-30%   

 30-50%   

 50-100%   

SOIL TYPE: 

 Sand   

 Sandy loam   

 Loam   

 Clay loam   

 Light clay   

 Peat   

Specify other: 

SOIL COLOUR: 

 Red   

 Brown   

 Yellow   

 White   

  Grey  

 Black   

Specify other: 

DRAINAGE: 

 Well drained   

   Seasonally 
 inundated      

 Permanently
 inundated      

 Tidal   

Dunes and 
swales 

             
 

Specific Landform Element: 

(Refer to field manual for additional values) 
      

CONDITION OF SOIL:   Dry    Moist   Waterlogged   Inundated    
 

VEGETATION 

CLASSIFICATION*:  

Eg: 1. Banksia woodland (B. 

attenuata, B. ilicifolia);        
2. Open shrubland 

(Hibbertia sp., Acacia spp.) ;   
3. Isolated clumps of sedges 

(Mesomelaena tetragona) 

1. Banksia ashbyi subsp. boreoscaia and Daviesia pleurophylla tall sparse shrubland 

2. Triodia glabra, Scaevola sericophylla and Acacia gregorii mid hummock grassland/low shrubland 

3.       

4.       

ASSOCIATED 

SPECIES:  

Other (non-dominant) spp 

      

      

* Please record up to four of the most representative vegetation layers (with up to three dominant species in each layer). Structural Formations should follow 2009 Australian Soil and 

Land Survey Field Handbook guidelines – refer to field manual for further information and structural formation table.   
 

CONDITION OF HABITAT:  Pristine   Excellent    Very good    Good    Degraded    Completely degraded    

COMMENT:         

FIRE HISTORY:  Last Fire: Season/Month:             Year:        Fire Intensity: High   Medium   Low   No signs of fire  

FENCING: Not required   Present   Replace / repair   Required   Length req’d:       

ROADSIDE MARKERS: Not required   Present   Replace / reposition   Required   Quantity req’d:       
 

OTHER COMMENTS: (Please include recommended management actions and/or implemented actions - include 
date. Also include details of additional data available, and how to locate it.) 

      

One specimen will be lodged in WA Herbarium 

Specimen Nos. NL1802-14, 4216FL-25 

Also recorded at 201021.053 E, 7585625.544 N (14/07/2018) in Melaleuca cardiophylla mid open shrubland over Triodia 
glabra, Triodia angusta and Acacia gregorii mid hummock grassland/low shrubland (1 plant)  

      

      

      

      

DRF PERMIT/ LICENCE No:  SL012268         Note if only observing plants (i.e. no specimens or plant matieral is taken)  then no permit/licence is required.  For 

further information on permit and licening requirements see the Threatened Flora and Wildlife Licensing pages on DBCA’s website. Any actions carried out under licence/permit 
should be recorded above in the OTHER COMMENTS section.  

SPECIMEN:  Collectors No: ___________ WA Herb.   Regional Herb.   District Herb.   Other: __________________ 

ATTACHED: 
 
Map   

 
Mudmap   

 
Photo   

 
GIS data   

 
Field notes   

 
Other: 

 
______________________ 

COPY SENT TO: Regional Office   District Office   Other:       
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APPENDIX FIVE FLORA STATISTICAL ANALYSIS 

FLORISTIC ANALYSIS 

Floristic analysis was conducted using the quadrat and relevé data from the field survey (Figure 5).  The 

analysis identified three broad floristic groups (supergroups) corresponding with the three major 

landform/habitat types present within the survey area: red Pindan sand dunes (five quadrats, determined to 

represent a single vegetation type, BaDp); coastal dunes (four quadrats, determined to represent two 

vegetation types: AcRp on stable hinddunes and TeSlWa on foredunes); and limestone (four vegetation 

types, as follows). 

The latter landform/habitat type required a degree of interpretation, however, the major vegetation type of 

the wide-ranging slopes and crests (Mc) was clearly separate from the others.  The two gorge quadrats, 

determined as being vegetation type AbSaAt, were separated on the floristic dendrogram from the 

remaining limestone vegetation types.  However, it is of interest that these two quadrats from the somewhat 

more sheltered gorge areas (vegetation type AbSaAt) were floristically more similar to the vegetation type of 

the highly exposed scree slopes (vegetation type Ab) than the vegetation of the scree slopes was to the 

equally exposed western footslopes vegetation (AbFb). 

Overall, the floristic vegetation types were a good match for the observed structural vegetation types of the 

survey area. 

 

Figure 5: Floristic dendrogram 

ADEQUACY OF SURVEY 

Adequacy of survey can be demonstrated using a species accumulation curve; if the curve has reached (or 

almost reached) an asymptote it is considered that most species are likely to have been recorded from the 

survey area. 

Species accumulation curves were generated using all data and separately for each survey area tenement 

using quadrat data (Figure 6).  Opportunistic observations, which increase the number of species recorded, 

are not included in the analysis.   



FLORA STATISTICAL ANALYSIS 

 

11930-4216-18R final 106 
 

 

Figure 6: Species accumulation curve using quadrat data 

The species accumulation curve suggests that additional survey would have recorded additional species.  

However, the Bootstrap estimate of species richness is 172.1 which, when taking opportunistic observations 

into account, is close to the number of species recorded (169).  As annual species had largely not 

commenced flowering during the field survey, few such species were collected and are therefore included in 

the species total.  Ecoscape considers that additional species that are present within the survey area would be 

largely annual herbs. 
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APPENDIX SIX FLORA QUADRAT DATA 

 

 

 

 

  



Ningaloo

QUADRAT DETAILS

NL1801
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 10/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201897 7585357 -21.8105 114.1167MGA Zone mE mN Long.Lat.

Lower-Slope

None

Red sand

Loose Rock 0

E Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth15

% coverBare ground % coverWeeds <1

Fire Age

None evident

M ^Scaevola sericophylla,Acacia bivenosa,Duboisia hopwoodii\^shrub\3\r;G+ ^Triodia glabra,

^Acacia spathulifolia\^hummock grass,shrub\2\c

Very Good

No evidence

Pindan dunes

; ;

Location Ningaloo

Count

 P 1.5 2Acacia bivenosa

 P 1.2 1Acacia coriacea subsp. coriacea

 P 0.6 <1Acacia spathulifolia

 P 1.2 <1Acanthocarpus ?verticillatus

 P 0.7 <1Adriana tomentosa var. tomentosa

 P 1.5 1Banksia ashbyi subsp. boreoscaia



Ningaloo

QUADRAT DETAILS

 P 0.01 <1Bulbostylis barbata

 P 0.3 <1*Cenchrus ciliaris

 P 0.3 <1Commelina ensifolia

 P 0.5 <1Corchorus carnarvonensis

 P 0.4 <1Dampiera incana var. incana

 P 1.8 2Duboisia hopwoodii

 P 0.03 <1Dysphania plantaginella

 P 0.3 <1Eragrostis eriopoda

 P 0.4 <1Euphorbia tannensis subsp. eremophila

 P 1.5 <1Exocarpos sparteus

 P 1.5 1Grevillea stenobotrya

 P 1.3 <1Gyrostemon ramulosus

 P 0.6 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Heliotropium glanduliferum

 P 0.4 <1Indigofera boviperda subsp. boviperda

 P 1.5 <1Olax aurantia

 P 0.3 <1Owenia reticulata

 P 0.6 <1Quoya loxocarpa

 P 1.6 3Scaevola sericophylla

 P 0.3 <1Scaevola sp.

 P 0.3 <1Seringia hermanniifolia

 P 0.2 <1Sida rohlenae subsp. rohlenae

 P 0.5 1Solanum lasiophyllum

 P 0.1 <1Trichodesma zeylanicum var. zeylanicum

 P 0.4 1Triodia epactia

 P 0.8 20Triodia glabra

 P 0.7 <1Verticordia forrestii



Ningaloo

QUADRAT DETAILS

NL1802
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 10/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 202071 7585392 -21.8102 114.1184MGA Zone mE mN Long.Lat.

Lower-Slope

None

Red sand

Loose Rock 0

NW Very Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 40 % coverWeeds 2

Fire Age

None evident

M ^Acacia sclerosperma subsp. sclerosperma\^shrub\3\r;G+ ^Triodia glabra\^hummock

grass\2\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 0.6 <1Acacia gregorii

 P 1.4 2Acacia sclerosperma subsp. sclerosperma

 P 0,3 <1Cassytha capillaris

 P 0.3 1*Cenchrus ciliaris

 P 0.4 <1Commelina ensifolia

 P 1.5 <1Cucumis variabilis



Ningaloo

QUADRAT DETAILS

 P <1Dysphania plantaginella

 P 0.1 <1Erodium cygnorum

 P 0.3 <1Euphorbia tannensis subsp. eremophila

 P <1Evolvulus alsinoides var. decumbens

 P 1.0 <1Heliotropium glanduliferum

 P 0.4 <1Indigofera boviperda subsp. boviperda

 P 0,3 <1Indigofera sp.

 P <1Ipomoea costata

 P 0.05 <1Ptilotus axillaris

 P 0.3 <1Quoya loxocarpa

 P 0.9 <1Rhynchosia minima

 P 0.8 2Scaevola sericophylla

 P <1Scaevola sp.

 P 0.6 <1Thysanotus exfimbriatus

2 P 1.2 <1Tinospora esiangkara

 P 0.1 <1Tribulus ?occidentalis

 P 0.1 <1Trichodesma zeylanicum var. zeylanicum

 P 0.4 <1Tricoryne corynothecoides

 P 0.4 1Triodia epactia

 P 0.9 50Triodia glabra

 P 0.4 <1Wurmbea odorata



Ningaloo

QUADRAT DETAILS

NL1803
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 10/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 202012 7585210 -21.8119 114.1178MGA Zone mE mN Long.Lat.

Flat

None

Red sand

Loose Rock 0

N/A N/A

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 30 % coverWeeds <1

Fire Age

None evident

M ^Grevillea stenobotrya,^Daviesia pleurophylla\^shrub\4\r;G+ ^Triodia glabra,^Scaevola
sericophylla\^hummock grass,shrub\2\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 0.5 <1Abutilon sp.

 P 0.8 <1Acacia gregorii

 P 1 <1Acacia spathulifolia

 P 0.6 <1Acanthocarpus ?verticillatus

 P 1.2 <1Alectryon oleifolius subsp. oleifolius

 P 0.7 <1Alyogyne aff. pinoniana



Ningaloo

QUADRAT DETAILS

 P 0.6 <1Alyogyne aff. pinoniana

 P 0.02 <1Bulbostylis barbata

 P 0.3 <1*Cenchrus ciliaris

 P 0.4 <1Commelina ensifolia

 P 0.7 <1Commicarpus australis

 P 0.3 <1Corchorus carnarvonensis

2 P 2.2 2Daviesia pleurophylla

 P 0.05 <1Dysphania plantaginella

 P 0.3 <1Eragrostis eriopoda

 P 0.4 <1Euphorbia tannensis subsp. eremophila

 P 2.0 2Grevillea stenobotrya

 P 0.5 <1Hakea stenophylla subsp. stenophylla

 P 0.5 <1Hannafordia quadrivalvis subsp. recurva

 P 0.4 <1Heliotropium glanduliferum

 P 0.4 <1Indigofera boviperda subsp. boviperda

 P 1.3 <1Jasminum sp. Exmouth (G. Marsh 77)

 P 0.6 <1Rhagodia preissii subsp. obovata

 P 0.7 10Scaevola sericophylla

 P 0.1 <1Trichodesma zeylanicum var. zeylanicum

 P 0.5 40Triodia glabra
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QUADRAT DETAILS

NL1804
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 11/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201903 7585201 -21.8119 114.1167MGA Zone mE mN Long.Lat.

Upper-Slope

Limestone

Red loamy sand

Loose Rock 10-20 6-20

SE Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 25 % coverWeeds <1

Fire Age

None

G+ ^^Triodia glabra,Triodia wiseana,Melaleuca cardiophylla\^hummock grass,shrub\2\d

Excellent

No evidence

; ;

Location Ningaloo

Count

 P 0.4 <1Abutilon sp.

 P 1 <1Acacia bivenosa

 P <11Acacia coriacea subsp. coriacea

 P 0.2 5Acacia gregorii

 P 0.3 <1Acanthocarpus humilis

 P 1.2 <1Cucumis variabilis

 P 0.4 <1Cymbopogon ambiguus



Ningaloo

QUADRAT DETAILS

 P 0.4 <1Dampiera incana var. incana

 P 0.3 <1Eragrostis eriopoda

3 P 0.8 <1Eremophila forrestii subsp. capensis

 P 0.3 <1Evolvulus alsinoides var. decumbens

 P 0.6 <1Exocarpos sparteus

 P 1.3 1Grevillea variifolia subsp. variifolia

 P 0.6 <1Gyrostemon ramulosus

 P 0.4 <1Hakea stenophylla subsp. stenophylla

 P 0.3 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Heliotropium glanduliferum

 P 0.5 <1Hibbertia spicata subsp. spicata

 P 0.4 <1Hybanthus aurantiacus

 P 0.4 <1Indigofera monophylla

 P 0.3 5Leptosema macrocarpum

 P 1 5Melaleuca cardiophylla

 P 1 <1Pimelea ammocharis

 P 0.3 <1Poaceae sp.

 P 0.2 <1Pterocaulon sphaeranthoides

 P 0.4 <1Ptilotus nobilis subsp. nobilis

 P 0.2 <1Scaevola sp.

 P 0.5 <1Senna glutinosa subsp. pruinosa

 P 0.1 <1Solanum diversiflorum

 P 0.3 <1Solanum lasiophyllum

3 P 1 1Stackhousia umbellata

 P 0.3 <1Thysanotus exfimbriatus

 P <1Tribulus ?occidentalis

 P 0.5 2Triodia epactia

 P 0.5 40Triodia glabra

 P 0.6 20Triodia wiseana
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QUADRAT DETAILS

NL1805
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 11/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201500 7585263 -21.8113 114.1128MGA Zone mE mN Long.Lat.

Crest

Limestone

Red loamy sand

Loose Rock 10-20 20-60

N/A N/A

mm in size

WA Cons.

% coverLitter <1 cm in depth20

% coverBare ground 30 % coverWeeds <1

Fire Age

Unknown; doesn’t look ‘pristine’

G+ ^Melaleuca cardiophylla,^Triodia glabra,Acacia gregorii\^shrub,hummock grass\2\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 0.3 3Acacia gregorii

 P 0.3 1Acanthocarpus humilis

 P 0.4 <1Alyogyne aff. pinoniana

 P 0.4 <1Cassytha aurea var. aurea

 P 0.3 <1Cassytha capillaris

 P 0.3 <1Corchorus carnarvonensis

 P 0.4Dampiera incana var. incana
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 P 0.03 <1Dysphania plantaginella

 P 0.3 <1Eriachne mucronata

 P 0.6 <1Exocarpos aphyllus

 P 0.4 <1Grevillea stenobotrya

 P 0.6 2Hakea stenophylla subsp. stenophylla

 P 0.3 <1Hannafordia quadrivalvis subsp. recurva

 P 0.2 <1Heliotropium glanduliferum

 P 0.3 2Hibbertia spicata subsp. spicata

 P 0.3 <1Hybanthus aurantiacus

 P 0,4 <1Indigofera monophylla

 P 0.3 <1Labichea cassioides

 P 0.4 1Leptosema macrocarpum

 P 1 20Melaleuca cardiophylla

 P 0.1 <1Pterocaulon sphaeranthoides

 P 0.3 <1Ptilotus nobilis subsp. nobilis

 P 0,3 <1Solanum lasiophyllum

3 P 0.3 <1Stackhousia umbellata

 P 0.2 <1Thysanotus exfimbriatus

 P 0.3 <1Tricoryne corynothecoides

 P 0.5 25Triodia glabra



Ningaloo

QUADRAT DETAILS

NL1806
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 11/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201202 7585297 -21.8109 114.1100MGA Zone mE mN Long.Lat.

Crest

Limestone

Red brown loamy sand

Loose Rock 20-50 20-60

S Very Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 45 % coverWeeds <1

Fire Age

None evident

M+ ^Melaleuca cardiophylla,^Acacia spathulifolia,Exocarpos aphyllus\^shrub\3\i;G ^Triodia
glabra\^hummock grass\2\c

Excellent

No evidence

; ;

Location Ningaloo

Count

 P 1.2 1Acacia bivenosa

 P 1.8 2Acacia spathulifolia

 P 0.3 <1Acanthocarpus humilis

 P 0.3 <1Alyogyne aff. pinoniana

 P 0.6 <1Cassytha aurea var. aurea

 P 0.3 <1Cymbopogon ambiguus



Ningaloo
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 P 0.8 <1Cynanchum viminale

 P 0.4 <1Dampiera incana var. incana

 P 0.05 <1Dysphania plantaginella

3 P 1 <1Eremophila forrestii subsp. capensis

 P 2 2Exocarpos aphyllus

3 P 1.5 <1Grevillea calcicola

 P 1 <1Grevillea variifolia subsp. variifolia

 P 0.5 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Hibbertia spicata subsp. spicata

 P 0.2 <1Hybanthus aurantiacus

 P 0.4 <1Indigofera monophylla

 P <1Ipomoea costata

 P <1Jasminum sp. Exmouth (G. Marsh 77)

 P 0.7 2Labichea cassioides

 P 0.3 <1Leptosema macrocarpum

 P 1.8 15Melaleuca cardiophylla

 P 0.05 <1Paraneurachne muelleri

 P 0.2 <1Paspalidium clementii

 P 0.6 <1Phyllanthus hamelinii

 P 0.4 <1Ptilotus nobilis subsp. nobilis

 P 0.8 1Scaevola sericophylla

 P 0.2 <1Solanum diversiflorum

 P 0.4 <1Solanum lasiophyllum

3 P 1 <1Stackhousia umbellata

 P 0.2 <1Thysanotus exfimbriatus

 P 0.2 <1Trichodesma zeylanicum var. zeylanicum

 P 0.5 1Triodia epactia

 P 0.5 25Triodia glabra

 P 0.2 <1Zygophyllum retivalve
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NL1807
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 12/07/2018 Season E

Q

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201224 7585411 -21.8099 114.1102MGA Zone mE mN Long.Lat.

Gorge

Limestone

Brown sandy clay

Loose Rock 20-50 60-200

E Steep

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 30 % coverWeeds 2

Fire Age

Dumped tin sheets otherwise minimal

M+ ^^Acacia tetragonophylla,Acacia bivenosa,Sarcostemma viminale\^shrub\4\i;G ^Triodia
angusta,^Scaevola tomentosa,Erodium cygnorum\^hummock grass,shrub,forb\2\c

Very Good

No evidence

Gorge. Quadrant approx. 15 m wide for gorge extent.

; ;

Location Ningaloo

Count

 P 0.1 <1Abutilon fraseri

 P 1.2 2Acacia bivenosa

 P 1.2 1Acacia coriacea subsp. coriacea

 P 2 3Acacia tetragonophylla

 P 0.5 <1Alectryon oleifolius subsp. oleifolius

 P 0.3 <1Alyogyne aff. pinoniana



Ningaloo
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 P 0.2 <1*Bidens subalternans var. simulans

4 P 2.2 <1Brachychiton obtusilobus

 P 2 <1Cassytha aurea var. aurea

 P 0.3 <1*Cenchrus ciliaris

 P 2 <1Clerodendrum tomentosum var. tomentosum

 P 0.8 <1Commicarpus australis

 P 0.7 <1Corchorus carnarvonensis

 P 1.5 <1Cucumis variabilis

 P 0.3 <1Cymbopogon ambiguus

 P 1.2 2Cynanchum viminale

 P 0.3 <1Enchylaena tomentosa

3 P 1.2 <1Eremophila forrestii subsp. capensis

 P 0.05 2Erodium cygnorum

 P 0.2 <1Euphorbia sharkoensis

 P 1.5 <1Exocarpos aphyllus

 P 2.5 <1Ficus brachypoda

 P 1 <1Gossypium robinsonii

 P 1 <1Grevillea variifolia subsp. variifolia

 P 0.3 <1Hibbertia spicata subsp. spicata

 P 0.2 <1Indigofera monophylla

 P 3 <1Ipomoea costata

 P 1 <1Jasminum sp. Exmouth (G. Marsh 77)

 P 1 <1Labichea cassioides

 P 2.5 2Logania litoralis

 P 1 <1Poaceae sp.

 P 0.6 <1Ptilotus obovatus

 P 1 <1Rhagodia preissii subsp. obovata

 P 1 1Scaevola sericophylla

 P 0.8 <1Scaevola spinescens

 P 0.5 2Scaevola tomentosa

 P 0,3 <1Senna artemisioides subsp. oligophylla

 P 0.3 <1Solanum lasiophyllum

 P 0.2 <1*Sonchus oleraceus

3 P 0.4 <1Stackhousia umbellata

 P <1Thryptomene baeckeacea

 P 0.4 <1Thysanotus exfimbriatus

 P 0.8 <1Tribulus suberosus

 P 0.5 <1Trichodesma zeylanicum

 P 0.6 25Triodia angusta
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 P 0.4 <1Triodia epactia

 P 0.3 <1Wurmbea odorata

 P 0.1 <1Zygophyllum retivalve
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NL1808
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 12/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201396 7585625 -21.8080 114.1119MGA Zone mE mN Long.Lat.

Upper-Slope

Limestone

Brown gritty clay

Loose Rock 50-90 20-60

N

E

Moderate

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 60 % coverWeeds <1

Fire Age

Minor human walking and Euro tracks

G+ ^^Triodia angusta,Melaleuca cardiophylla,Acacia gregorii\^hummock grass,shrub\1\c

Very Good

No evidence

Unmeasured due to slope

; ;

Location Ningaloo

Count

 P 0.2 <1Acacia bivenosa

 P 0.2 2Acacia gregorii

 P 0.05 <1Boerhavia coccinea

 P 0.3 <1Corchorus crozophorifolius

 P 0.2 <1Dampiera incana var. incana

3 P 0.3 <1Eremophila forrestii subsp. capensis

 P 0.2 <1Eriachne mucronata
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 P 0.6 <1Eulalia aurea

 P 0.2 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Heliotropium glanduliferum

 P 0.2 <1Hibbertia spicata subsp. spicata

 P 0.3 <1Hibiscus leptocladus

 P 0.3 <1Hybanthus aurantiacus

 P 0.3 <1Indigofera monophylla

 P 0.2 <1Leptosema macrocarpum

 P 0.5 <1Logania litoralis

 P 0.3 5Melaleuca cardiophylla

 P 0.3 <1Poaceae sp.

 P 0.4 <1Pterocaulon sphaeranthoides

 P 0.1 <1Ptilotus nobilis subsp. nobilis

 P 0.3 <1Solanum lasiophyllum

3 P 0.3 <1Stackhousia umbellata

 P 0.4 <1Themeda triandra

 P 0.5 <1Tribulus suberosus

 P 0.5 30Triodia angusta

 P 0.2 <1Wurmbea odorata

 P 0.1 <1Zygophyllum retivalve
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NL1809R
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 12/07/2018 Season E

R 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201366 7585767 -21.8067 114.1116MGA Zone mE mN Long.Lat.

Lower-Slope

Limestone

Grey sand

Loose Rock >90 60-200

N Steep

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 40 % coverWeeds 5

Fire Age

No obvious signs of human disturbance

M ^Acacia bivenosa\^shrub\3\r;G+ ^Triodia angusta\^hummock grass\2\c

Very Good

No evidence

Not extensively traversed or extent measured due to safety concerns (steep scree slope)

; ;

Location Ningaloo

Count

 P 0.5 <1Abutilon fraseri

 P 1.2 5Acacia bivenosa

 P 0.5 <1*Aerva javanica

 P 0.1 <1*Bidens subalternans var. simulans

 P 0.3 5*Cenchrus ciliaris

 P 0.8 <1Commicarpus australis

 P 0.4 <1Corchorus carnarvonensis
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 P 1 <1Cynanchum viminale

 P 0.8 <1Enchylaena tomentosa

 P 0.4 <1Eremophila longifolia

 P 0.1 <1Euphorbia sharkoensis

 P 0.1 <1Euphorbia tannensis subsp. eremophila

 P 0.3 <1Evolvulus alsinoides var. decumbens

 P 0.5 <1Heliotropium glanduliferum

 P 0.3 <1Hibiscus leptocladus

 P 0.3 <1Indigofera monophylla

 P 0.2 <1Melhania oblongifolia

 P 0.4 <1Ptilotus clementii

 P 0.2 <1Ptilotus nobilis subsp. nobilis

 P 0.6 <1Ptilotus obovatus

 P 0.5 <1Rhynchosia minima

 P 0.2 <1Salsola australis

 P 0.5 <1Solanum lasiophyllum

 P 0.8 40Triodia angusta

 P 0.1 <1Zygophyllum retivalve
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NL1810
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 12/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201110 7585788 -21.8065 114.1092MGA Zone mE mN Long.Lat.

Gorge

Limestone

Brown sand

Loose Rock 20-50 200

-600

N/A Cliffed

mm in size

WA Cons.

% coverLitter 2-5 cm in depth20

% coverBare ground 25 % coverWeeds 2

Fire Age

Minimal

U ^Ficus brachypoda\^tree\6\r;M+ ^^Senna artemisioides subsp. oligophylla,Acacia coriacea
subsp. coriacea,Scaevola tomentosa\^shrub\3\i;G ^Triodia angusta\^hummock grass\2\c

Very Good

No evidence

Narrow gorge. Quadrant not measured but approx 10 m wide within gorge

; ;

Location Ningaloo

Count

 P 1.3 2Acacia bivenosa

 P 1.8 2Acacia coriacea subsp. coriacea

 P 1.8 2Acacia pyrifolia var. pyrifolia

 P 1.5 <1Acacia tetragonophylla

 P 1.5 <1Alectryon oleifolius subsp. oleifolius

 P 0.3 <1Alyogyne aff. pinoniana



Ningaloo

QUADRAT DETAILS

 P 0.1 <1*Bidens subalternans var. simulans

 P 0.2 <1*Cenchrus ciliaris

 P 0.5 <1Commicarpus australis

 P 0.3 <1Corchorus carnarvonensis

 P 1.0 <1Cucumis variabilis

 P 0.3 <1Cymbopogon ambiguus

 P 0.2 <1Dipteracanthus australasicus subsp. australasicus

 P 0.8 <1Enchylaena tomentosa

 P 2.0 2Eremophila longifolia

 P 0.2 <1Erodium cygnorum

 P 0.3 <1Euphorbia tannensis subsp. eremophila

 P 1.5 1Exocarpos aphyllus

 P 3.5 2Ficus brachypoda

 P 1.8 <1Gossypium robinsonii

 P 0.2 <1Indigofera monophylla

 P <1Ipomoea costata

 P 1.0 <1Jasminum sp. Exmouth (G. Marsh 77)

 P 1.6 2Melaleuca cardiophylla

 P 3.5 2Pittosporum phillyreoides

 P 0.2 <1Ptilotus nobilis subsp. nobilis

 P 0.6 <1Ptilotus obovatus

 P 0.6 <1Rhynchosia minima

 P 1.3 <1Scaevola spinescens

 P .3 2Scaevola tomentosa

 P 1.8 2Senna artemisioides subsp. oligophylla

 P <1Solanum lasiophyllum

 P 0.1 <1*Sonchus oleraceus

 P 1.0 <1Thysanotus exfimbriatus

 P 0.6Tribulus suberosus

 P 1.0 40Triodia angusta

 P 0.1 <1Zygophyllum retivalve
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NL1811
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 12/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201040 7586097 -21.8037 114.1085MGA Zone mE mN Long.Lat.

Dunes

None

White sand

Loose Rock 0

N Very Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth25

% coverBare ground 20 % coverWeeds 5

Fire Age

Rabbits, rubbish

M+ ^Acacia coriacea subsp. coriacea,^Rhagodia preissii subsp. obovata\^shrub,chenopod

shrub\3\i;G ^Triodia epactia,^Cenchrus ciliaris,Spinifex longifolius\^hummock grass,tussock

grass\1\c

Good

No evidence

Quadrant size estimated

; ;

Location Ningaloo

Count

 P 2.0 10Acacia coriacea subsp. coriacea

 P 1.0 <1Capparis spinosa subsp. nummularia

 P 0.4 5*Cenchrus ciliaris

 P 1.0 <1Commicarpus australis

 P 0.3 <1Corchorus carnarvonensis
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 P 0.4 <1Corynotheca flexuosissima

 P 0.3 <1Dampiera incana var. incana

 P 0.2 <1Portulaca oleracea

 P 1.5 10Rhagodia preissii subsp. obovata

 P 0.3 <1Salsola australis

 P 2 <1Solanum lasiophyllum

 P 0.6 5Spinifex longifolius

 P 0.3 <1Threlkeldia diffusa

 P 0.5 50Triodia epactia

 P 0.4 <1Whiteochloa airoides
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NL1812
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 13/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201630 7585022 -21.8135 114.1140MGA Zone mE mN Long.Lat.

Swale

None

Red sand

Loose Rock 0

N/A N/A

mm in size

WA Cons.

% coverLitter 1-5 cm in depth5

% coverBare ground 45 % coverWeeds <1

Fire Age

None obvious

M+ ^Banksia ashbyi subsp. boreoscaia,^Daviesia pleurophylla\^shrub\3\r;G ^Triodia glabra,

^Scaevola sericophylla\^hummock grass,shrub\2\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 1.6 1Acacia coriacea subsp. coriacea

 P 0.4Acacia gregorii

 P 0.8 <1Acacia spathulifolia

 P 0.2 <1Alyogyne aff. pinoniana

 P 2.0 3Banksia ashbyi subsp. boreoscaia

 P 0.02 <1Bulbostylis barbata
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 P 0.4 <1*Cenchrus ciliaris

 P 0.4 <1Commicarpus australis

 P 0.3 <1Corchorus carnarvonensis

2 P 1.5 2Daviesia pleurophylla

 P 2.0 <1Duboisia hopwoodii

 P 0.3 <1Euphorbia tannensis subsp. eremophila

 P 0.5 <1Grevillea ?eriostachya

 P 0.6 <1Hakea stenophylla subsp. stenophylla

 P 0.3 <1Heliotropium glanduliferum

 P 0.3 1Indigofera boviperda subsp. boviperda

 P 0.6 <1Jasminum sp. Exmouth (G. Marsh 77)

 P 0.7 10Scaevola sericophylla

 P 0.3 <1Scaevola sp.

 P 0.4 <1Solanum cleistogamum

 P 0.6 <1Thysanotus exfimbriatus

 P 0.2 <1Trianthema pilosum

 P 0.6 35Triodia glabra

 P 0.5 <1Triodia schinzii
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NL1813
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 13/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201494 7585126 -21.8125 114.1128MGA Zone mE mN Long.Lat.

Swale

None

Red sand

Loose Rock 0

N/A N/A

mm in size

WA Cons.

% coverLitter 1-2 cm in depth20

% coverBare ground 35 % coverWeeds <1

Fire Age

Rabbits

M ^Corymbia zygophylla\^shrub\3\bi;G+ ^Triodia glabra,^Scaevola sericophylla,Acacia
gregorii\^hummock grass,shrub\2\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 1.4 <1Acacia coriacea subsp. coriacea

 P 0.5 2Acacia gregorii

 P <1Bulbostylis barbata

 P 1.0 1Clerodendrum tomentosum var. tomentosum

 P 0.3 <1Commelina ensifolia

 P 0.3 <1Corchorus carnarvonensis
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 P 2.0 1Corymbia zygophylla

 P 1.2 <1Crotalaria cunninghamii

 P 0.3 <1Euphorbia tannensis subsp. eremophila

 P 0.4 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Heliotropium glanduliferum

 P 0.3 <1Indigofera boviperda subsp. boviperda

 P 0.4 <1Quoya loxocarpa

 P 0.5 <1Rhynchosia minima

 P 0.6 5Scaevola sericophylla

 P 0.2 <1Solanum diversiflorum

 P 0.5 <1Solanum lasiophyllum

 P 0.3 <1Thysanotus exfimbriatus

 P 0.6 40Triodia glabra
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NL1814
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 13/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201648 7585753 -21.8069 114.1144MGA Zone mE mN Long.Lat.

Dunes

None

White sand

Loose Rock 0

N/A N/A

mm in size

WA Cons.

% coverLitter 1-3 cm in depth50

% coverBare ground 20 % coverWeeds 5

Fire Age

Human foot traffic

M+ ^Acacia coriacea subsp. coriacea\^shrub\3\r;G ^Triodia epactia,^Spinifex longifolius,

Cenchrus ciliaris\^hummock grass,tussock grass\1\c

Good

No evidence

; ;

Location Ningaloo

Count

 P 2.0 5Acacia coriacea subsp. coriacea

 P 0.5 2*Cenchrus ciliaris

 P 0.4 <1Commicarpus australis

 P 0.3 <1Corchorus carnarvonensis

 P 0.3 <1Corynotheca flexuosissima

 P <1Dampiera incana var. incana
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 P 0.1 <1Euphorbia sp.

 P 0.3 <1Indigofera boviperda subsp. boviperda

 P 1.1 <1Olearia sp. Kennedy Range (G. Byrne 66)

 P 0.1 <1Portulaca oleracea

 P 1.2 <1Rhagodia preissii subsp. obovata

 P 0.5 <1Scaevola sericophylla

 P 0.6 <1Solanum lasiophyllum

 P 0.8 5Spinifex longifolius

 P 0.5 <1Threlkeldia diffusa

 P 0.5 <1Thysanotus exfimbriatus

 P 0.5 50Triodia epactia

 P 0.5 2Whiteochloa airoides

 P 0.5 <1Zygophyllum fruticulosum
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NL1815
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 13/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 202075 7585664 -21.8078 114.1185MGA Zone mE mN Long.Lat.

Dunes

None

White sand

Loose Rock 0

SE Very Gentle

mm in size

WA Cons.

% coverLitter 1-10 cm in depth20

% coverBare ground 15 % coverWeeds 2

Fire Age

Rabbits

M+ ^Acacia coriacea subsp. coriacea,^Rhagodia preissii subsp. obovata\^shrub,chenopod

shrub\3\r;G ^Triodia epactia\^hummock grass\1\c

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 2.0 5Acacia coriacea subsp. coriacea

 P 0.8 <1Acacia sclerosperma subsp. sclerosperma

 P 0.3 1*Cenchrus ciliaris

 P 0.4 <1Commicarpus australis

3 P 0.3 <1Corchorus ?congener

 P 0.3 <1Corynotheca flexuosissima
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 P 0.3 <1Dampiera incana var. incana

 P 0.3 <1Heliotropium crispatum

 P 0.2 <1Indigofera boviperda subsp. boviperda

 P 0.1 <1Lotus australis

 P 0.1 <1Portulaca oleracea

 P 0.1 <1Pterocaulon sphaeranthoides

 P 1.2 5Rhagodia preissii subsp. obovata

 P 0.5 <1Scaevola sericophylla

 P 0.4 <1Solanum lasiophyllum

 P 0.8 <1Threlkeldia diffusa

 P 0.3 <1Thysanotus exfimbriatus

 P 0.5 40Triodia epactia

 P 0.4 1Whiteochloa airoides
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NL1816
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 13/07/2018 Season E

Q 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 201958 7585727 -21.8072 114.1173MGA Zone mE mN Long.Lat.

Beach

None

White sand

Loose Rock 0

N Very Gentle

mm in size

WA Cons.

% coverLitter 1 cm in depth5

% coverBare ground 60 % coverWeeds <1

Fire Age

Human access to beach

G+ ^Triodia epactia,^Spinifex longifolius,Whiteochloa airoides\^hummock grass,tussock

grass\1\c

Very Good

No fire

Unmeasured quadrant on old dune blowout

; ;

Location Ningaloo

Count

 P 0.3 <1Acanthocarpus preissii

 P 0.3 <1Angianthus cunninghamii

 P 0.3 <1Asteraceae sp.

 P 1 1Atriplex sp.

 P 0.1 <1Corynotheca flexuosissima

 P 0.2 <1Ipomoea pes-caprae subsp. brasiliensis
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 P 0.1 <1Launaea sarmentosa

 P 0.3 <1Lotus australis

 P 0.6 5Spinifex longifolius

 P 0.1 <1Sporobolus virginicus

 P 0.3 <1Threlkeldia diffusa

 P 0.4 25Triodia epactia

 P 0.5 2Whiteochloa airoides
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NL1817
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 14/07/2018 Season E

Q 60 m x 15 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 200385 7584162 -21.8211 114.1019MGA Zone mE mN Long.Lat.

Crest

Limestone

Brown loamy sand

Loose Rock 50-90 20-60

E Gentle

mm in size

WA Cons.

% coverLitter <1 cm in depth5

% coverBare ground 30 % coverWeeds 0

Fire Age

None

G+ ^Triodia angusta,Acacia gregorii\^hummock grass,shrub\2\c

Excellent

No evidence

; ;

Location Ningaloo

Count

 P 0.6 <1Acacia ?bivenosa

 P 0.2 <1Acacia arida

 P 0.2 5Acacia gregorii

 P <10.5Acacia pyrifolia var. pyrifolia

 P 0.6 <1Acacia tetragonophylla

 P 0.5 <1Alyogyne aff. pinoniana

 P 0.3 <1Corchorus crozophorifolius



Ningaloo
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 P 1.5 <1Corymbia hamersleyana

 P 0.3 <1Cynanchum viminale

 P 0.4 <1Dampiera incana var. incana

 P 0.2 <1Dipteracanthus australasicus subsp. corynothecus

 P 0. <1Enneapogon lindleyanus

3 P 1.0 <1Eremophila forrestii subsp. capensis

 P 0.4 <1Eriachne mucronata

 P 0.2 <1Evolvulus alsinoides var. decumbens

 P 1.0 <1Exocarpos aphyllus

 P 0.3 <1Hibbertia spicata subsp. spicata

 P 0.2 <1Indigofera monophylla

 P 1.0 <1Ipomoea costata

 P 0.8 <1Jasminum sp. Exmouth (G. Marsh 77)

 P 0.3 <1Lechenaultia subcymosa

 P 0.3 <1Leptosema macrocarpum

 P 0.6 1Melaleuca cardiophylla

 P 0.2 <1Poaceae sp.

 P 0.3 <1Pterocaulon sphaeranthoides

 P 0.4 <1Ptilotus nobilis subsp. nobilis

 P 0.3 <1Scaevola tomentosa

 P 0,4 <1Senna artemisioides subsp. oligophylla

 P 0.3 <1Solanum lasiophyllum

3 P 0.4 <1Stackhousia umbellata

 P 0.5 <1Tribulus suberosus

 P 0.6 55Triodia angusta

 P 0.1 <1Wurmbea odorata
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NL1818R
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 14/07/2018 Season E

R 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 200994 7585884 -21.8056 114.1081MGA Zone mE mN Long.Lat.

Lower-Slope

Limestone

Pink sand

Loose Rock 2-10 20-60

W Gentle

mm in size

WA Cons.

% coverLitter 1 cm in depth5

% coverBare ground 60 % coverWeeds 1

Fire Age

None obvious

M+ ^Acacia bivenosa\^shrub\3\r;G ^Triodia epactia,^Triodia angusta\^hummock grass\2\c

Very Good

No evidence

Transition between coastal and hill

; ;

Location Ningaloo

Count

 P 0.8 <1Acacia arida

 P 1.0 5Acacia bivenosa

 P 1.5 <1Acacia coriacea subsp. coriacea

 P 1.2 <1Acacia pyrifolia var. pyrifolia

 P 0.4 1*Cenchrus ciliaris

 P 0.3 <1Dampiera incana var. incana

 P 0.2 <1Eriachne mucronata
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 P 0. <1Euphorbia sp.

 P 1.2 <1Ficus brachypoda

 P 1.2 <1Gossypium robinsonii

 P 1.2 <1Grevillea variifolia subsp. variifolia

 P 0.8 <1Hannafordia quadrivalvis subsp. recurva

 P 0.3 <1Indigofera boviperda subsp. boviperda

 P 0.2 <1Indigofera monophylla

 P 2.0 <1Pittosporum phillyreoides

 P 0.3 <1Ptilotus nobilis subsp. nobilis

 P 0.3 <1Ptilotus obovatus

 P 0.3 <1Scaevola tomentosa

 P 0.2 <1Solanum lasiophyllum

 P 0.8 10Triodia angusta

 P 0.5 25Triodia epactia
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NL1819R
DateStaff

Revisit

Type

Veg. Condition

Disturbance

Aspect

Habitat

Notes

LJA 14/07/2018 Season E

R 30 m x 30 m

Slope

Rock Type

Soil Type

% cover

Vegetation

Species Height (m) Cover (%)

50 200810 7585780 -21.8065 114.1063MGA Zone mE mN Long.Lat.

Lower-Slope

Limestone

Pink sand

Loose Rock 2-10 20-60

W Very Gentle

mm in size

WA Cons.

% coverLitter 1 cm in depth5

% coverBare ground 70 % coverWeeds 1

Fire Age

Rabbits

M+ ^Ficus brachypoda,^Acacia bivenosa\^shrub\3\r;G ^Triodia glabra,Triodia
epactia\^hummock grass\2\i

Very Good

No evidence

; ;

Location Ningaloo

Count

 P 1.3 2Acacia bivenosa

 P 0.3 <1Alyogyne aff. pinoniana

 P 0.3 1*Cenchrus ciliaris

 P 0.3 <1Corchorus crozophorifolius

 P 0.4 <1Cymbopogon ambiguus

 P 0.1 <1Dipteracanthus australasicus subsp. australasicus
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 P 0.2 <1Evolvulus alsinoides var. decumbens

 P 1.3 2Ficus brachypoda

 P 0.5 <1Gossypium robinsonii

 P .0 <1Grevillea variifolia subsp. variifolia

 P 0.2 <1Indigofera monophylla

 P 0.1 <1Oldenlandia crouchiana

 P 0.6 <1Ptilotus nobilis subsp. nobilis

 P 0.5 <1Ptilotus obovatus

 P 0.3 <1Senna artemisioides subsp. oligophylla

 P 0.1 <1Solanum lasiophyllum

 P 0.2 <1Tephrosia rosea var. clementii

 P 0.4 2Triodia epactia

 P 0.3 20Triodia glabra
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APPENDIX SEVEN FAUNA FIELD SURVEY RESULTS 

Table 22: Fauna sites (MGA 94 zone 50) 

Species Common Name Easting Northing 

Felis catus Feral Cat 202102.4 7585319 

Gehyra pilbara Pilbara Dtella 201125.8 7585707 

Gehyra pilbara Pilbara Dtella 201539.1 7585287 

Lerista allochira (P3) Cape Range Slider 200914.2 7585614 

Lerista bipes North-western Sandslider 202070.4 7585616 

Lerista bipes North-western Sandslider 200708.7 7585933 

Lerista bipes North-western Sandslider 201123.7 7585686 

Lerista bipes North-western Sandslider 201124.2 7585687 

Lerista bipes North-western Sandslider 201114.1 7585687 

Lerista bipes North-western Sandslider 201607.9 7585078 

Lerista bipes North-western Sandslider 201848.9 7585661 

Lerista bipes North-western Sandslider 202128.2 7585660 

Lerista bipes North-western Sandslider 201883.9 7585325 

Lerista bipes North-western Sandslider 201869.3 7585287 

Lerista bipes North-western Sandslider 201863.6 7585219 

Lerista bipes North-western Sandslider 201983.3 7585421 

Lerista bipes North-western Sandslider 202004 7585214 

Lerista bipes North-western Sandslider 202106.8 7585304 

Lerista bipes North-western Sandslider 202101.1 7585339 

Lerista bipes North-western Sandslider 202109.6 7585350 

Lerista bipes North-western Sandslider 201999.1 7585432 

Lerista bipes North-western Sandslider 201996.5 7585439 

Lerista bipes North-western Sandslider 201941.7 7585429 

Lerista bipes North-western Sandslider 201922.5 7585434 

Lerista elegans Elegant Slider 202061 7585606 

Lerista elegans Elegant Slider 202016.9 7585611 

Lerista elegans Elegant Slider 200711.7 7585935 

Lerista elegans Elegant Slider 202108.9 7585273 

Lerista elegans Elegant Slider 202108.6 7585363 

Lerista elegans Elegant Slider 201999.9 7585429 

Lerista macropisthopus subsp. fusciceps Unpatterned Robust Slider 201128.8 7585686 

Lerista macropisthopus subsp. fusciceps Unpatterned Robust Slider 201123.1 7585686 

Lerista miopus Northern Dotted-line Robust Slider 202018.2 7585611 

Lerista miopus Northern Dotted-line Robust Slider 202069.9 7585610 

Lerista miopus Northern Dotted-line Robust Slider 202127.7 7585651 

Lerista miopus Northern Dotted-line Robust Slider 201850.5 7585658 

Lerista miopus Northern Dotted-line Robust Slider 202133 7585661 

Lerista miopus Northern Dotted-line Robust Slider 201999.6 7585189 

Lerista planiventralis Keeled Slider 201117.8 7586058 

Menetia greyii Common Dwarf Skink 201550.2 7585275 

Menetia greyii Common Dwarf Skink 201675.1 7585213 

Morethia lineooccelatus West Coast Morethia Skink 201107.5 7586058 
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Species Common Name Easting Northing 

Morethia ruficauda subsp. exquisita Lined Firetail Skink 200890.7 7585806 

Morethia ruficauda subsp. exquisita Lined Firetail Skink 201858.7 7585223 

Morethia ruficauda subsp. exquisita Lined Firetail Skink 201848 7585273 

Notoscincus ornatus Ornate Soil-crevice Skink 201548.7 7585274 

Oryctolagus cuniculus Rabbit 201546.7 7585349 

Oryctolagus cuniculus (scat) Rabbit 201925.9 7585696 

Osphranter robustus Euro 201219.4 7585636 

Osphranter robustus Euro 201694.5 7585002 

Osphranter robustus Euro 201314.1 7585893 

Osphranter robustus Euro 201458.5 7585301 

Osphranter robustus Euro 201874 7585168 

Osphranter robustus Euro 201214.2 7585632 

Osphranter robustus Euro 201299.6 7585716 

Ovis aries Sheep 201286.6 7585609 

Ovis aries scat Sheep 201158.3 7585532 

Pseudantechinus roryi  201342.8 7585531 

Simoselaps bertholdi Jan’s Banded Snake 202102.1 7585359 

Tachyglossus aculeatus (track) Echidna 201447 7585840 
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M01 Targeted Flora Survey (Rev 0).docx 

Name:  Daniel Griffin Date:  26 March 2021 

Company:  Z1Z Resorts Pty Ltd Job/Doc. No.:  JBS&G60294-136561 

Email: dgriffin@fiveight.com Inquiries:  Tristan Sleigh 

Ningaloo Lighthouse Resort Project – Targeted Flora Survey 

1. Introduction

Z1Z Pty Ltd (Z1Z) is proposing to redevelop the former Ningaloo Lighthouse Caravan Park, on Lots 2 
and 557 Yardie Creek Road, North West Cape.  The proposed redevelopment, the Ningaloo Lighthouse 
Resort Project (the Proposal), is located approximately 18 km north west of the town of Exmouth 
towards the northern tip of the Cape Range peninsula. 

To support environmental approvals, ecological studies were commissioned to define the flora, 
vegetation and fauna values of the Project Area (Ecoscape 2018). At the time of these studies, the 
proposed impact areas were not defined. For this reason, targeted surveys for flora of conservation 
significance were not undertaken. 

To enable an assessment of impacts to conservation significant flora to be quantified and assessed as 
part of the approvals process, a Targeted flora survey was undertaken in vegetation within and 
adjacent to the proposed impact areas in March 2021. This technical memorandum describes the 
methods and results of this survey. 

2. Scope

The scope of the survey was to: 

• Undertake a targeted flora survey for Priority flora species is suitable habitat with the
proposed impact area

• Where Priority flora are recorded undertake further targeted surveys in areas outside the
proposed impact area to provide local context to population numbers

• Prepare a technical memorandum presenting the methods and results of the survey.

3. Methods

The targeted survey was conducted by Tristan Sleigh (Senior Ecologist; (FB62000128; TFL 28-1920) 
from Strategen JBS&G on 15-17 March 2021. The survey was conducted in accordance with guidelines 
provided in Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment 
(EPA 2016). 

The survey was conducted across the entire Proposed impact area. This area was surveyed on foot 
long transect between 10 and 20 metres wide, searching for habitat The following conservation 
significant taxa were targeted based on the results of the Ecoscape (2018) report: 

• Daviesia pleurophylla (P2)

• Tinospora esiangkara (P2)
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• Corchorus congener (P3)

• Eremophila forrestii subsp. capensis (P3)

• Grevillea calcicola(P3)

• Stackhousia umbellata (P3)

• Brachychiton obtusilobus (P4).

Any conservation species identified were recorded, with population density and extent mapped. 
Where conservation significant flora were identified, suitable habitat outside of the Proposed impact 
area was searched to provide local context. 

The survey effort is shown in Figure 1.  

4. Results

The survey recorded seven Priority flora species, with one taxa (Stackhousia umbellata) present 
within the proposed Impact area. Table 4.1 summarises the Priority flora recorded. Figure 2 shows 
the distribution of priority flora recorded within and outside of the proposed Impact area. The 
locations are provided in Attachment A. 

Table 4.1: Priority flora recorded during the targeted survey 
Row Labels Total abundance Abundance within the 

proposed impact area 

Brachychiton obtusilobus 3 0 

Corchorus ?congener 6 0 

Daviesia pleurophylla 228 0 

Eremophila forrestii subsp. capensis 10 0 

Grevillea calcicola 2 0 

Stackhousia umbellata 640 19 

Tinospora esiangkara 6 0 

5. Conclusion

One flora species of conservation significance was recorded within the Proposed impact area 
(Stackhousia umbellata) with 19 individuals present. This represents (2.97%) of the known local 
population of this taxa, with 640 individuals recorded within the wider area. This species is known 
from 27 records, all but two of which are confined to within 105 kilometres of the North West Cape 
(DBCA 2007-). The remaining two records are known from an island 20 km north west of Dampier. 
Habitat for Stackhousia umbellata is present throughout the limestone ranges surrounding the 
proposed impact area, with additional surveys highly likely to additional numbers. 

The remaining priority flora were recorded outside of the proposed impact area. 

6. References

Ecoscape (2018) Ningaloo Lighthouse Development Environmental Surveys, unpublished report 
prepared for Minderoo. 

DBCA (2007) NatureMap: Mapping Western Australia's Biodiversity. Department of Biodiversity, 
Conservation and Attractions. URL: https://naturemap.dbca.wa.gov.au/  
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Attachment A: Priority flora locations 
Taxa WAConsStat Abundance mE mN 

Brachychiton obtusilobus P4 1 201283 7585367 

Brachychiton obtusilobus P4 1 200663 7583944 

Brachychiton obtusilobus P4 1 201115 7585398 

Corchorus ?congener P3 6 200833 7585781 

Daviesia pleurophylla P2 17 201341 7584728 

Daviesia pleurophylla P2 1 201333 7584710 

Daviesia pleurophylla P2 1 201336 7584742 

Daviesia pleurophylla P2 1 201336 7584748 

Daviesia pleurophylla P2 1 201295 7584726 

Daviesia pleurophylla P2 1 201321 7584740 

Daviesia pleurophylla P2 1 201333 7584740 

Daviesia pleurophylla P2 1 201342 7584776 

Daviesia pleurophylla P2 1 201350 7584775 

Daviesia pleurophylla P2 3 201364 7584771 

Daviesia pleurophylla P2 1 201368 7584799 

Daviesia pleurophylla P2 1 201335 7584750 

Daviesia pleurophylla P2 1 201343 7584759 

Daviesia pleurophylla P2 1 201339 7584762 

Daviesia pleurophylla P2 1 201338 7584769 

Daviesia pleurophylla P2 1 201363 7584900 

Daviesia pleurophylla P2 5 201357 7584883 

Daviesia pleurophylla P2 18 201333 7584858 

Daviesia pleurophylla P2 1 201705 7584990 

Daviesia pleurophylla P2 1 201374 7584801 

Daviesia pleurophylla P2 1 201357 7584799 

Daviesia pleurophylla P2 1 201357 7584799 

Daviesia pleurophylla P2 1 201376 7584900 

Daviesia pleurophylla P2 2 201639 7585013 

Daviesia pleurophylla P2 4 201661 7584994 

Daviesia pleurophylla P2 2 201670 7584984 

Daviesia pleurophylla P2 1 201676 7584986 

Daviesia pleurophylla P2 1 201698 7584999 

Daviesia pleurophylla P2 2 201683 7585009 

Daviesia pleurophylla P2 1 201613 7585024 

Daviesia pleurophylla P2 7 201619 7585022 

Daviesia pleurophylla P2 3 201680 7584951 

Daviesia pleurophylla P2 1 201640 7584996 

Daviesia pleurophylla P2 3 201627 7584994 

Daviesia pleurophylla P2 2 201682 7584941 

Daviesia pleurophylla P2 1 201690 7584987 

Daviesia pleurophylla P2 1 201691 7584947 

Daviesia pleurophylla P2 1 201686 7584951 

Daviesia pleurophylla P2 1 201683 7584954 

Daviesia pleurophylla P2 1 201683 7584934 

Daviesia pleurophylla P2 1 201689 7584922 

Daviesia pleurophylla P2 1 201592 7584980 

Daviesia pleurophylla P2 61 201769 7584977 

Daviesia pleurophylla P2 1 202030 7585204 

Daviesia pleurophylla P2 68 201886 7585327 

Eremophila forrestii subsp. capensis P3 3 201393 7585630 

Eremophila forrestii subsp. capensis P3 7 201190 7585321 

Grevillea calcicola P3 2 201185 7585337 

Stackhousia umbellata P3 6 201528 7585167 

Stackhousia umbellata P3 3 201389 7585637 

Stackhousia umbellata P3 5 201546 7585155 

Stackhousia umbellata P3 5 201563 7585143 
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Taxa WAConsStat Abundance mE mN 

Stackhousia umbellata P3 22 201185 7585338 

Stackhousia umbellata P3 6 201206 7585430 

Stackhousia umbellata P3 2 201658 7585188 

Stackhousia umbellata P3 6 201655 7585202 

Stackhousia umbellata P3 12 201623 7585237 

Stackhousia umbellata P3 14 201612 7585237 

Stackhousia umbellata P3 6 201769 7585164 

Stackhousia umbellata P3 11 201729 7585169 

Stackhousia umbellata P3 10 201738 7585163 

Stackhousia umbellata P3 2 201656 7585181 

Stackhousia umbellata P3 6 201470 7585304 

Stackhousia umbellata P3 7 201489 7585295 

Stackhousia umbellata P3 7 201507 7585284 

Stackhousia umbellata P3 5 201546 7585259 

Stackhousia umbellata P3 2 201612 7585237 

Stackhousia umbellata P3 6 201598 7585243 

Stackhousia umbellata P3 9 201573 7585270 

Stackhousia umbellata P3 5 201441 7585326 

Stackhousia umbellata P3 6 201598 7585216 

Stackhousia umbellata P3 5 201604 7585208 

Stackhousia umbellata P3 2 201624 7585197 

Stackhousia umbellata P3 8 201587 7585202 

Stackhousia umbellata P3 6 201561 7585245 

Stackhousia umbellata P3 3 201571 7585244 

Stackhousia umbellata P3 2 201580 7585235 

Stackhousia umbellata P3 10 201585 7585232 

Stackhousia umbellata P3 10 201539 7585240 

Stackhousia umbellata P3 2 201530 7585250 

Stackhousia umbellata P3 16 201514 7585254 

Stackhousia umbellata P3 3 201489 7585286 

Stackhousia umbellata P3 3 201579 7585204 

Stackhousia umbellata P3 4 201576 7585216 

Stackhousia umbellata P3 6 201569 7585221 

Stackhousia umbellata P3 5 201555 7585228 

Stackhousia umbellata P3 5 201390 7585317 

Stackhousia umbellata P3 3 201399 7585311 

Stackhousia umbellata P3 7 201416 7585299 

Stackhousia umbellata P3 9 201432 7585294 

Stackhousia umbellata P3 10 201484 7585285 

Stackhousia umbellata P3 4 201468 7585287 

Stackhousia umbellata P3 16 201460 7585300 

Stackhousia umbellata P3 10 201433 7585312 

Stackhousia umbellata P3 12 201514 7585226 

Stackhousia umbellata P3 12 201526 7585216 

Stackhousia umbellata P3 3 201544 7585203 

Stackhousia umbellata P3 11 201538 7585173 

Stackhousia umbellata P3 9 201438 7585280 

Stackhousia umbellata P3 8 201465 7585266 

Stackhousia umbellata P3 6 201495 7585245 

Stackhousia umbellata P3 6 201502 7585238 

Stackhousia umbellata P3 4 201464 7585238 

Stackhousia umbellata P3 4 201456 7585252 

Stackhousia umbellata P3 3 201426 7585264 

Stackhousia umbellata P3 6 201396 7585282 

Stackhousia umbellata P3 8 201531 7585181 

Stackhousia umbellata P3 2 201529 7585191 

Stackhousia umbellata P3 7 201515 7585198 

Stackhousia umbellata P3 6 201495 7585214 
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Taxa WAConsStat Abundance mE mN 

Stackhousia umbellata P3 14 201495 7585260 

Stackhousia umbellata P3 6 201641 7585190 

Stackhousia umbellata P3 12 201526 7585273 

Stackhousia umbellata P3 7 201527 7585296 

Stackhousia umbellata P3 2 201518 7585543 

Stackhousia umbellata P3 6 201492 7585549 

Stackhousia umbellata P3 3 201459 7585440 

Stackhousia umbellata P3 11 201906 7585200 

Stackhousia umbellata P3 5 201639 7585214 

Stackhousia umbellata P3 8 201705 7585241 

Stackhousia umbellata P3 11 201669 7585203 

Stackhousia umbellata P3 20 201234 7585248 

Stackhousia umbellata P3 15 201200 7585315 

Stackhousia umbellata P3 9 201170 7585277 

Stackhousia umbellata P3 11 201420 7585214 

Stackhousia umbellata P3 14 201463 7585199 

Stackhousia umbellata P3 4 201473 7585202 

Stackhousia umbellata P3 20 201493 7585196 

Stackhousia umbellata P3 5 201399 7585259 

Stackhousia umbellata P3 8 201384 7585244 

Stackhousia umbellata P3 8 201401 7585235 

Stackhousia umbellata P3 9 201422 7585247 

Stackhousia umbellata P3 13 201501 7585182 

Tinospora esiangkara P2 6 201345 7585246 
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EXECUTIVE SUMMARY 

The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 
of Exmouth Peninsula in Western Australia. The facility was formerly called the Lighthouse Holiday Park, 
and after acquiring it in 2018, Tattarang Pty Ltd plans to redevelop the holiday park with a greater range 
of accommodation and facilities. Redevelopment of the holiday park and adjacent freehold land as 
Ningaloo Lighthouse Resort is referred to as the ‘Project’ and will require very minor land clearing to 
expand the original Holiday Park area.  

The Project is located on Yardie Creek Road, approximately 22 km north of Cape Range National Park 
and 16 km north of Exmouth. The ocean to the west of the Project lies within the inshore State and more 
offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast World 
Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World Heritage 
area. A proposed borefield to supply the Project with additional water lies in the extensive area of 
Unallocated Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin 
approximately 700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. 
Additional monitoring bores will be placed up to 700 m south of the borefield itself. Production bores 
will be located at the base of the foothills of the eastern side of the range or in the swale between the 
foothills and the first red sand dune parallel to the range. The existing wastewater treatment plant 
(WWTP) for the holiday park is located on freehold land about 400 m south of the Project and almost 
300 m east of the nearest production bore. It lies within an interdunal swale. 

The Exmouth Peninsula has high diversity of species belonging to SRE groups. These are groups of 
terrestrial invertebrate species that tend to have highly restricted ranges and may be threatened by 
individual development projects. Despite the small size of the Project, development may have potential 
to negatively affect populations of some short-range endemic invertebrate (SRE) species. 

Previous survey records of terrestrial invertebrate species from SRE Groups in a search area of nearly 
7,000 km2, encompassing all North West Cape peninsula, were compiled by searching the databases of 
the Western Australian Museum and Bennelongia, as well as relevant publications. This type of desktop 
search gives only an indication of the level of species richness that can be expected in an area, rather 
than a precise number of species that exists. 

Based on the desktop search, at least 24 species from SRE groups have been recorded in the search area, 
including four species of spider, one species of pseudoscorpion, one species of harvestman, two species 
of scorpion, three species of millipede, two species of slater, and 11 species of land snail. Of the records 
with no taxonomic uncertainty, 14 species are described and a further seven species are recognised as 
new species that have not yet been formally described. Effort to collect terrestrial invertebrates 
(particularly targeting SRE Groups) in the vicinity of the Project has occurred predominantly within Cape 
Range National Park. 

In terms of their distributions, 21 of the 24 species are potential or confirmed SREs (i.e., species with 
ranges <10,000 km2), and 11 of the species either occur at the Project or are moderately likely to do so 
and would be expected to face elevated risk from development. The land snail Promonturconchum 
superbum and the millipede Boreohesperus capensis, despite being confirmed SREs, are common and 
very widespread in the North West Cape peninsula, and these species are unlikely to be under threat 
from the proposed development, which only represents a small fraction of their known distribution. The 
millipede Antichiropus humphreysi, which is also a confirmed SRE, has a smaller range. It is known from 
only seven locations 24 km apart, with occurrences only 11 km south from the Project. It most likely 
occurs in the Project area. However, its distribution is also probably multiple times larger than the area 
of the Ningaloo Lighthouse Resort, meaning persistence of the species will not be affected. 

While this desktop review presents information of the types of species in SRE Groups that occur on the 
North West Cape peninsula, it does not give a list of the particular species present. This level of inventory 
cannot be achieved without survey of the area. Nevertheless, it can be stated that the likely level of 
threat to SRE species is low because of the small spatial extent of the Project area. 
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1. INTRODUCTION 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 
of Exmouth Peninsula in Western Australia. The facility was formerly called the Lighthouse Holiday Park, 
and after acquiring it in 2018, Tattarang Pty Ltd plans to redevelop the holiday park with a greater range 
of accommodation and facilities. Redevelopment of the holiday park and adjacent freehold land as 
Ningaloo Lighthouse Resort is referred to as the ‘Project’ and will require very minor land clearing to 
expand the original Holiday Park area. 
 
The Exmouth Peninsula is considered likely to contain high richness of short-range endemic (SRE) 
invertebrates. These are mostly ground-dwelling invertebrates that have overall ranges of less than 
10,000 km2 (Harvey 2002). This makes them susceptible to spatially extensive habitat changes, especially 
if anthropogenic. While most SRE species have larger ranges than the scale of the Project, development 
of the Project has the potential to negatively affect populations (at least) of some of SRE species. 
 
The objectives of this report are to: 

1. Compile and evaluate records of SRE species, as well as listed species and ecological 
communities, in the vicinity of the Project. 

2. Assess ranges of SRE species, as well as any listed species, and incorporate this information into 
an assessment of the likelihood conservation significant species occurrence in the Project area. 

3. Outline the potential impacts to SRE and any listed species from proposed developments. 

1.1. Project Description 
The Project is located on Yardie Creek Road, approximately 22 km north of Cape Range National Park 
and 16 km north of Exmouth (Figure 1). The ocean to the west of the Project lies within the inshore State 
and more offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast 
World Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World 
Heritage area. 
 
A proposed borefield to supply the Project with additional water lies in the extensive area of Unallocated 
Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin approximately 
700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. Additional 
monitoring bores will be placed up to 700 m south of the borefield itself. Production bores will be 
located at the base of the foothills of the eastern side of the range or in the swale between the foothills 
and the first red sand dune parallel to the range. 
 
The existing wastewater treatment plant (WWTP) for the holiday park is located on freehold land about 
400 m south of the Project and almost 300 m east of the nearest production bore. It lies within an 
interdunal swale. 
 

2. LEGISLATION 
An ecological community comprising a naturally occurring biological assemblage in a particular habitat 
type may be listed by the Minister for the Environment, under the Biodiversity Conservation Act 2016, as 
a Threatened Ecological Community (TEC) if it presumed to be totally destroyed, critically endangered, 
endangered or vulnerable. A community that is threatened but does not meet these criteria, is rare but 
not threatened, is near threatened, has recently been removed from the TEC list, or is conservation-
dependent, may be listed informally by the Department of Biodiversity, Conservation and Attractions 
(DBCA) as a Priority Ecological Community (PEC). There are no PECs or TECs in the vicinity of the search 
area listed on a basis of terrestrial SRE taxa. There are also no terrestrial invertebrate species listed as 
Threatened by the Minister under the Bioiversity Conservation Act 2016 or as Priority species by DBCA 
in the vicinity of the Project.  
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Figure 1: Location of the Ningaloo Lighthouse Resort area with respect to Perth and Exmouth. 
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3. SRE FRAMEWORK 
SRE species tend to exhibit patchy distributions within their small range, and to have slow growth, low 
fecundity, and poor dispersal capabilities. Guidelines for the assessment of impacts to SRE invertebrates 
in Western Australia are provided in Environmental Factor Guideline: Terrestrial fauna (EPA 2016b) and 
Technical Guidance: Sampling of short range endemic invertebrate fauna (EPA 2016a). Assessment is 
restricted to a number of taxonomic groups (the SRE Groups) that are known to contain at least some, 
but more commonly moderate to high proportions of, SRE species. The groups include land snails 
(Gastropoda); millipedes (Diplopoda); centipedes (Chilopoda); pseudoscorpions (Pseudoscorpiones); 
scorpions (Scorpiones); spiders [Araneae, mainly Mygalomorphae (trapdoor spiders)]; slaters (Isopoda); 
and harvestmen (Opiliones). Some other groups, such as velvet worms (Onychophora) and earthworms 
(Oligochaeta), are SRE Groups but are restricted to mesic landscapes. 
 
Groups containing species that are mostly widespread due to high vagility, ecological plasticity or xeric 
adaptation, may also have species with restricted ranges (e.g., Framenau et al. 2008; López-López et al. 
2016; Rix et al. 2015) and, conversely, some species belonging to SRE Groups are in fact widespread. 
Determining whether a species belonging to an SRE Group really has a significantly restricted range 
(estimated as less than 10,000 km²) is often difficult. However, species distributions usually reflect the 
distribution of their preferred habitats. Most SRE species prefer restricted or patchy habitats and hence 
have smaller ranges than species found in widespread habitats. Additional causes of species having small 
ranges include life history and ecological interactions; these sometimes lead to species occupying only 
small extent of a widespread habitat (Harvey 2002; Rix et al. 2015). 
 
Here we followed the classification used for SRE species by the Western Australian Museum (WAM), 
where a species can be classified into one of the following categories: 
 

1. Confirmed SREs have a known distribution range smaller than 10,000 km2. The taxonomy is 
well known, and the group well represented in collections and/or via comprehensive sampling. 

2. Potential SREs belong to a group with gaps in our knowledge of its distribution, either because 
the group is not well represented in collections, taxonomic knowledge is incomplete, or the 
distribution is poorly understood due to insufficient sampling. 

3. Widespread (not SRE) species have a known distribution range larger than 10,000 km2. The 
taxonomy is well known, and the group well represented in collections via comprehensive 
sampling. 

 
The factors considered when evaluating the SRE status of each species in this report were the known 
range of the species, habitat(s) at the collection location(s) and the spatial extent and connectivity of 
these habitats, as well as the distribution patterns of phylogenetically related surrogate species (ideally 
members of the same genus). 
 
When considering potential impacts on a species, it is recognised that even SRE species may be locally 
widespread around a project area, so that identifying potential SRE species is only the first part of a 
filtering process used to determine whether species may be threatened by a proposed development. 
The actual level of threat to an SRE species depends on its distribution relative to the development 
footprint, rather than SRE status alone. Determining the likely level of threat to a species requires 
consideration of the extent of the species’ preferred habitat, both within and outside the area of 
disturbance. 
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4. DESKTOP REVIEW 
Existing records of terrestrial invertebrates and associated habitat information were examined to 
appraise the likelihood of SRE or listed invertebrate species occurring in the vicinity of the Project. 

4.1. Previous records 
Existing survey records in the WAM and Bennelongia databases of species in SRE Groups were compiled 
for a search area of nearly 7,000 km2, encompassing all North West Cape peninsula (Figure 2, Figure 3). 
This type of desktop search gives only an indication of the level of species richness that can be expected, 
in the Project area rather than a species list. Appendix 1 provides a tabulated list of species recorded in 
the search area. It was not practicable to determine the exact number of species that has been collected 
even in the search area because of incomplete or inconsistent taxonomy for some records. Some 
recorded species may represent multiple taxa and, conversely, some specimens assigned to different 
taxa may in reality represent the same species. 

Based on the desktop search, 943 individuals from at least 24 species belonging to SRE groups have 
been recorded in the search area. This includes the higher-level identification Philosciidae sp., which 
must represent at least one unique species (potentially several) because no other species from that 
family were recorded in the search area. The 24 species included four species of spider, one species of 
pseudoscorpion, one species of harvestman (order Opiliones), two species of scorpion, three species of 
millipede, two species of slater, and eleven species of land snail (Appendix 1). 

Fourteen species of the 24 species are described. Seven others are recognised as new species but have 
not been formally described yet and so have provisional names (such as Aname `Learmonth sp. 1` and 
Euoplos `MYG672`).  

Other records in Appendix 1 include five additional taxa as a result of animals being identified only to 
higher level than species, two additional taxa as a result of animals being assigned to species already in 
the list but with reservations noted about the identification, and one additional taxon that was probably 
a mis-identification. 

The two taxa with reservations about the identifications were (`Euoplos?` `MYG672` and Boreohesperus 
`capensis?`) are most likely synonyms with species already in the table. Moreover, the records of 
Isometroides `aitkeni` probably represent a mis-identification of specimens of Lychas `aitkeni spp. grp`, 
which represent a species complex (similarly to Urodacus `yaschenkoi spp. grp`) that might contain 
multiple undescribed species. 

Using species records as a proxy for sampling coverage, effort to collect terrestrial invertebrates 
(particularly SRE Groups) in the vicinity of the Project has occurred predominantly within Cape Range 
National Park (Figure 2). Further information on species collected is provided below. 

 

4.2. SRE groups in the Search Area 
Trapdoor spiders (Araneae: Mygalomorphae) 

At least four species of trap door spiders were collected in the search area, from three different families. 
The family of open-holed trapdoor spiders (Anamidae) was represented by two species , both collected 
between 3 and 7 km south of the southern limit of Cape Range National Park. Aname `Learmonth sp. 1’ 
is known from three locations up to 8.8 km apart, whereas Aname `Learmonth sp. 2` is only known from 
one location, and they are both considered data deficient potential SREs. Both species are, however, 
unlikely to occur in the Ningaloo Lighthouse Resort. The genus Aname contains large diversity of 
described and undescribed species, and whereas the Pilbara fauna is well studied (Castalanelli et al. 
2020), some species from North West Cape remain undescribed. 
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Figure 2: SRE records around the Ningaloo Lighthouse Resort. 
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Conothele `MYG673` (Halonoproctidae) was collected from two different locations approximately 8.5 km 
apart, one within the northern end of Cape Range National Park, and the other one just outside its north-
eastern border. Both locations are about 24 km south of the Project, and this specie sis also considered 
a data deficient potential SRE, moderately likely to occur in the Ningaloo Lighthouse Resort. Several new 
genetic lineages of this genus were recently detected by Huey et al. (2019), but none of these were 
recorded from North West Cape. 

Finally, the spiny trapdoor spider Euoplos `MYG672` (Idiopidae; Wilson et al. 2020) was collected from 
three different locations up to 24 km apart, all of them at least 24.7 kms south of the Project Area. These 
spiders were also collected both within and outside Cape Range National Park, in the northern and 
central part of the park. This species is a data deficient potential SRE, moderately likely to occur in the 
Ningaloo Lighthouse Resort. 

 
Pseudoscorpions 
The pseudoscorpion fauna of North West Cape is diverse, but mostly comprised of subterranean species. 
On the surface, only one species of potential SRE pseudoscorpion was recorded in the surface area, 
Synsphyronus `PSE164` (Garypidae). This species was only recorded in one location, immediately east of 
the north-eastern border of Cape Range National Park, and approximately 27.5 km south of the Project. 
S. ̀ PSE164` is one of many new undescribed species of the genus from the Pilbara and Gascoyne regions, 
and some of the described species are considered SREs (Harvey et al. 2015). S. `PSE164` is a potential 
SRE, moderately likely to occur in the Ningaloo Lighthouse Resort. 

 
Harvestmen (order Opiliones) 
The species Dampetrus isolatus (Assamiidae) was originally described from several caves in the North 
West Cape. Despite having reduced eyes, it is not especially troglomorphic (Shear 2001) and the species 
might also inhabit epigean environments. The species is currently known from at least three different 
locations that are approximately 8 km apart, all within Cape Range National Park (central eastern part) 
and at least 32 km from the Project. This species is therefore a potential SRE, moderately likely to occur 
in the Ningaloo Lighthouse Resort. 

 
Scorpions 
Two species of potential SRE scorpions, from two different families, were recorded in the Search Area. 
In the family Buthidae, Lychas ̀ aitkeni spp. grp` was collected from two different locations approximately 
4.5 km apart, both within the north-eastern end of Cape Range National Park. These locations are about 
29 km south of the Project, and this species is considered a data deficient potential SRE, moderately 
likely to occur in the Ningaloo Lighthouse Resort. 

In the family Urodacidae (burrowing scorpions), there are three records of Urodacus `yaschenkoi spp. 
grp` from one single location, approximately 4 km east of the southern boundary of Cape Range National 
Park. The framework for formal scorpion identification in Western Australia needs significant revisions, 
and whereas Urodacus yaschenkoi is a seemingly widespread described species, it is known to represent 
a species complex that hides cryptic diversity (Luna-Ramirez et al. 2017), and the specimens from North 
West Cape probably represent a new undescribed species that is here considered a data deficient 
potential SRE. Due to its occurrence more than 60 km south of the Project, it is considered unlikely to 
occur near the Ningaloo Lighthouse Resort. 
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Figure 3: Search area and records of SREs from different taxonomic groups. 
 
 
 
 
  



Lighthouse Resort SRE 
Tattarang 

 

8 

Millipedes 
At least three different species of potential SRE millipedes from two families were recorded in the search 
area. In the family Siphonotidae (Polyzoniida), the species `Megalosiphon` `humphreysi` is known from 
two different locations approximately 1.3 km apart, both within the north-eastern end of Cape Range 
National Park. The name `Megalosiphon` `humphreysi` is an unpublished name from the PhD thesis by 
Dennis Black, and might become a valid published species in the future. The locations from which this 
species was collected are about 33 km south of the Project, and this species is considered a potential 
SRE that is moderately likely to be present in the Ningaloo Lighthouse Resort area. 
 
Two species of the family Paradoxosomatidae (Polydesmida) were found in the search area. Antichiropus 
humphreysi was originally described from a cave in Cape Range National Park (Shear 1992), but it has 
since been collected in epigean environments as well, and is currently known from seven locations just 
over 24 km apart, some of these in the central-eastern part of the National Park, and some around the 
town of Exmouth (approximately 11 km from the Project). This genus has been well studied 
morphologically and genetically, and the group has also been extensively collected across the Pilbara 
(Car et al. 2019). A. humphreysi is therefore considered a confirmed SRE that is likely to occur in the 
Ningaloo Lighthouse Resort. 
 
Similarly to A. humphreysi, the other species of Paradoxosomatidae recorded, Boreohesperus capensis, 
was also originally described from caves (Shear 1992). Both species have been commonly found in caves, 
(near the entrance), but also on the surface, and their lack of troglobitic adaptations suggests that their 
presence in caves result from cave entrances presenting attractive refuges in the dry environment of the 
North West Cape. All described species of Boreohesperus are also SREs (Car and Harvey 2017), and B. 
capensis is therefore considered a confirmed SRE that is likely to occur in the Ningaloo Lighthouse 
Resort. This species is, however, fairly common and widespread in the North West Cape peninsula, 
known so far from 41 locations up to 60 km apart and, therefore, it is very unlikely to be under threat 
from the proposed development. 
 
Slaters (Isopoda) 
Isopods from the species Buddelundia `sp. BBCR01` (Armadillidae) were collected from seven locations 
28.3 km apart, mostly in the eastern part of Cape Range National Park, but also just outside the park to 
the north and east of its borders. The records are at least 17.8 km from the Project, and the species is 
considered moderately likely to occur in the Ningaloo Lighthouse Resort. Species of this genus can vary 
widely in the size of their distributions, and some are SREs (Judd 2004). Given that B. `sp. BBCR01` is not 
a valid described species, it is currently considered a data deficient potential SRE. 

The family Philosciidae was represented by 42 specimens recorded from seven different locations. 
Unfortunately, given the uncertain identification (to family level) of these records, even though they are 
known to represent new species (not the same as any other record in Appendix 1), these records could 
represent several species, and an SRE status assessments is not possible at present. 
 
Land snails (Gastropoda: Camaenidae) 
The family Camaenidae represent the dominant group of land snails in the North West Cape (Taylor et 
al. 2015), and 11 species of this family were recorded in the search area. 

The genera Plectorhagada and Strepsitaurus are morphological similar and present mutually exclusive 
ranges near Cape Range (Taylor et al. 2015). Plectorhagada teres is a potential SRE, known from three 
locations 18.5 km apart, two of these in the north-western part of Cape Range National Park, and the 
other just north of Exmouth and 11 km south from the Project. It is considered likely to occur in the 
Ningaloo Lighthouse Resort area. Meanwhile, Plectorhagada scolythyra is also a potential SRE, but known 
from only one location, 22 km south of Exmouth on the Eastern coast of North West Cape. This location 
is 35.5 km south of the Project, and therefore the species is less likely to occur in the Ningaloo Lighthouse 
Resort area.  
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Figure 4: Confirmed SREs in the Desktop Search Area. 
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Five species of the genus Strepsitaurus are known from the Search Area, and three of them are 
confirmed SREs. S. manduensis is only known from the Mandu Mandu Gorge at two sites 560 m apart; 
S. susieae is only known from one small unnamed gorge (approximately1.2 km long), south of Tulki 
Gorge, on the west side of Cape Range; and S. milyeringus is only known from two sites (< 500 m apart) 
in the Milyering Gorge (Taylor et al. 2015). These three species are, however, unlikely to occur in the 
vicinity of the Ningaloo Lighthouse Resort. Meanwhile, the other two species are known from multiple 
locations, and their ranges span at least 50 km (Strepsitaurus ningaloo), and 60 km (Strepsitaurus 
williami). Whereas the records of S. ningaloo are at least 43 km south of the project (unlikely to occur in 
the area), S. williami occurs just south of Exmouth (15 km south of the Project) and it is considered likely 
to moderately likely to occur in the Ningaloo Lighthouse Resort. 

Caperantrum polygyrum is the only species in its genus, and represents a rare and endemic species in 
Cape Range. It is a potential SRE known from only eight locations that are 27.2 km apart and include 
areas in the south and east parts of Cape Range National Park, as well as a location outside of the park, 
to the southeast. The closest record of this species to the Project is 37 km to the south, and the species 
is hence considered moderately likely to occur in the area. 

Promonturconchum superbum is common and very widespread in the North West Cape peninsula, 
known so far from more than 20 locations up to 66.5 km apart. Due to the geography of the peninsula, 
however, the known area of distribution of this species is still less than 1,000 km2, so it is still considered 
a confirmed SRE. The species is likely to occur in the Project area, but it is unlikely to be under threat 
from the proposed development, give that it only represents a small fraction of its known distribution. 

The species Quistrachia warroorana is widespread, known from multiple locations outside the Search 
Area, up to 260 km south (south of Lake Mcleod). The specimens recorded in the Search Area, however, 
were only found in one location and identified to Quistrachia cf. warroorana, meaning that the alignment 
with Quistrachia warroorana is not certain. Even if the species is new and only closely related to 
Quistrachia cf. warroorana, it was recorded more than 38 km to the south of the Project, in the middle 
of the Cape Range National Park and is unlikely to occur in the Ningaloo Lighthouse Resort. 

Rhagada capensis is a relatively widespread species, recorded up to 150 km south of the Project, near 
the northern end of Lake Mcleod. Some of the specimens recorded in the search area, however, were 
identified as Rhagada cf. capensis, which means that the alignment with R. capensis is not certain. It is 
possible that this is a new species and potential SRE, only known from three locations up to 5.5 km apart, 
in the north-eastern part of Cape Range National Park. These locations are 28.6 km south of the Project, 
so this species is relatively unlikely to be in the Ningaloo Lighthouse Resort. 

 

4.3. SRE Habitats 
SRE habitat prospectivity was assessed by reviewing recent vegetation and landform mapping (Ecoscape 
2018), as well as observations from a brief recognisance trip by Bennelongia between the 12th and 14th 
of January, 2021. Emphasis was placed on identifying relict, isolated, sheltered, or moist habitats, such 
as rocky outcrops, that are generally considered to be more prospective for SRE species. 

The Project area hosts seven vegetation types, including a total of 169 vascular flora species (Ecoscape 
2018) that cover three different major vegetation habitat types: coastal zone, limestone hills and red 
Pindan dunes. Regarding fauna, five habitat types were recorded by that survey: 

• Red Pindan dune crests, 
• Red Pindan dune swales, 
• Rocky hills and slopes, 
• Sheltered gullies and minor caves associated with limestone, 
• Coastal dunes. 

There is certainly some overlap between these habitat types, in terms of their function as habitat for 
terrestrial invertebrates in general, and for SRE groups. Coastal dunes are not expected to be prospective 
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to SREs, whereas the red Pindan dunes (especially the swales) should be prospective to SRE scorpions 
and centipedes mostly, and less prospective to other SRE groups. Meanwhile, the rocky hills and slopes, 
especially when south facing, should be prospective to a wide range of SRE taxa, including millipedes, 
land snails and spiders. Finally, the sheltered gullies and minor caves have the highest potential to hold 
moisture, and are also the most isolated and patchy habitats, and therefore have the highest SRE 
conservation significance. 

Despite the detection of the five habitats described above by the Ecoscape (2018) survey, the footprint 
area (Figure 1) of the Project only overlaps dune swales and rocky hills and slopes. The former represents 
approximately 80% of the new impact area, whereas the latter represent the remaining 20%. These two 
habitats should be prospective to SREs, but their connectivity outside the development envelope, as well 
as the small area of impact footprint, suggests the Project will have a negligible impact on SRE species 
in the area. Moreover, the SRE species captured in the desktop search most likely to occur in the Project 
(Appendix 1, Figure 3) were found in rocky hills and slopes, with the exception of the northern most 
record of an isopod, collected on red Pindan dunes, but only identified as Isopoda sp. 

Finally, an important caveat of this assessment is that the habitats discussed above were originally 
categorized based on their suitability as habitats for terrestrial vertebrates, and they have limited 
suitability as indicators for SRE invertebrates, as these animals are distributed at the microhabitat scale.  

 

4.4. Preliminary SRE observations 
While on site for a subterranean fauna survey, between the 12th and 14th of January 2021, Bennelongia 
staff conducted a brief reconnaissance for SRE species within the project area. This included the borefield 
and resort development footprint. The reconnaissance consisted of looking for evidence of SRE species 
and assessing possible habitat of SRE species. Two broad habitat types were observed on site: 1) the 
Red Pindan dunes with Triodia hummock grassland, mallee and Banksia (photos 1 and 2 in Appendix 2), 
and 2) rocky hills (limestone outcropping) with little or no topsoil (photo 5 in Appendix 2).  

Searches within the sand dunes identified the presence of burrows from the scorpion genus Urodacus 
(photo 4 in Appendix 2). This was further confirmed with the sighting of a Urodacus specimen (photo 3 
in Appendix 2). At one location, a circular, web lined hole indicative of open-holed trap door spiders 
(family Anamidae) was also observed (photo 6 in Appendix), however the presence of this group cannot 
be confirmed, as no spiders were observed and some wolf spiders (family Lycosidae, not typically 
considered SRE species) are known to build similar burrows. Additionally, numerous snail shells were 
observed on the surface of the sand dunes. Table 1 outlines the snail species observed on site. Leaf litter 
accumulation under mallee (top right of photo 2 in Appendix 2) and Banksia may provide habitat for 
other SRE groups/species, such as millipedes, pseudoscorpions, and slaters, however a more thorough 
search would be required for this. 

The limestone outcropping also revealed the presence of members from SRE groups. Under rocks and 
in cracks and crevices, we located the exuvia of a millipede from the family Paradoxosomatidae, from 
the genus Antichiropus or Boreohesperus. This was a broken exuvia of a partial animal, so further 
identification is not possible. Snail shells were also collected from under rocks and in cracks and crevices 
and are outlined in Table 1. All snail identifications are preliminary since only dead shells were used, and 
in some cases, only damaged shells were available. 
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Table 1: Snail species observed in the recognisance trip, their broad habitats and notes on taxonomy. 

Species 
Habitat 

Taxonomic Notes and Literature Reviewed Sand 
Dune 

Limestone 
Outcrop 

Quistrachia 
c.f. warroorana 16 11 

Closest morphological match based on shell and 
distribution (Stanisic et al. 2017, O'Neill et al. 2014) Shell 
shape, pattern and umbilicus match. 

Plectorhagada 
scolythyra 
or 
Plectorhagada 
teres 

2 0 

Closest morphological match based on shell and 
distribution. Umbilicum morphology matches P. 
scolothyra, while upper spire morphology matches P. 
teres (Stanisic et al. 2017; Taylor et al. 2015). Old shell 
may be worn, influencing morphological traits. 

Pupoides 
contrarius 1 1 Certain ID (Stanisic et al. 2017) 

Rhagada c.f. 
globosa 3 1 Closest match based on shell morphology and 

distribution (Stanisic et al. 2017) 

Camaenidae sp. 
or 
?Rhagada sp. 

0 1 

Juvenile and broken shell. Very difficult to identify. Very 
angular, but Rhagada species known to have variable 
intra species shell morphology (Johnson and Stankowski 
2018; Johnson et al. 2016; Stanisic et al. 2017). 

 

5. CONCLUSIONS 
This desktop assessment indicates that there is a community of potential SRE invertebrates (11 species) 
with likelihoods of occurring at the Project that range from moderate to high. The species include 
trapdoor spiders, pseudoscorpions, harvestmen, scorpions, millipedes, isopods, and snails. Six species of 
confirmed SREs were recorded in the search area, but only three of these are likely to occur in the Project. 

The land snail Promonturconchum superbum and the millipede Boreohesperus capensis, despite being 
confirmed SREs, are common and very widespread in the North West Cape peninsula, and these species 
are unlikely to be under threat from the proposed development, which only represents a small fraction 
of their known distribution. On the other hand, the millipede Antichiropus humphreysi is only known 
from seven locations just over 24 km apart, and some of these are approximately 11 km south of the 
Project. This confirmed SRE species is the most likely to occur in the Project, but its distribution is also 
probably multiple times larger than the area of the Ningaloo Lighthouse Resort. 

Importantly, the exact species that will be found at the Project cannot be identified without survey within 
the area. Additional species of short-range endemic invertebrates that were not captured by this desktop 
assessment might occur in the Project and nearby borefield area. This is especially likely given that SRE 
targeted sampling in the North West Cape has focused on Cape Range National Park and surroundings, 
whereas we have no evidence of previous sampling in habitats similar to those of the Project area. 
Moreover, habitat evaluation produces uncertain inference about the occurrence of SREs, and even the 
SRE taxa considered likely to be in the Project area have not been confirmed to occur there. 

During Bennelongia’s recognisance trip, suitable SRE habitat in dune swales (for scorpions and 
centipedes) was observed in the impact footprint (Appendix 2), and an unidentified species of burrowing 
scorpion (Urodacus sp.) was recorded in that area. Five species of snails and one species of millipede 
were also observed, but the identifications are mostly preliminary. Rocky slopes, suitable for a range of 
SRE groups, were observed near the borefield, where potential open-holed trapdoor spider burrows 
were also observed (Appendix 2). A field survey would be needed to confirm the presence of these 
species and provide a species identification for them, but the negligible impact footprint on rocky hills 
and very small footprint on red Pindan dune swales, suggests that the Project is very unlikely to represent 
any significant impact on SRE fauna.  
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Appendix 1 – Species of SRE invertebrate groups recorded in the Project 
area and its vicinity. 
Described species known to be widespread (non-SRE, with ranges larger than 10,000 Km2) were removed 
from the table. Grey denotes higher order identifications that might belong to other listed species (not 
viewed as unique species); blue represents species complexes. 

Higher Classification Lowest Identification Specimen 
records SRE Status 

ARTHROPODA 
Arachnida       
   Araneae       

      Anamidae Aname `Learmonth sp. 1` 3 Potential SRE, only known from 3 
locations 8.8 kms apart. 

  Aname `Learmonth sp. 2` 1 Potential SRE only known from 1 
location. 

      Halonoproctidae Conothele `MYG673` 2 Potential SRE, only known from 2 
locations 8.5 kms apart. 

      Idiopidae Euoplos `MYG672` 2 Potential SRE, only known from 3 
locations up to 24 kms apart. 

  `Euoplos?` `MYG672` 1 Most likely the same species as the 
record above. 

   Pseudoscorpiones      

      Garypidae Synsphyronus `PSE164` 4 Potential SRE only known from 1 
location. 

   Opiliones      

      Assamiidae Dampetrus isolatus 3 
Potential SRE, associated to caves 
and only known from 3 locations 
8.5 kms apart. 

   Scorpiones     

      Buthidae Lychas `aitkeni spp. grp` 2 
Potential SRE from a species 
complex, only known from 2 
locations 4.5 kms apart. 

  Isometroides `aitkeni` 1 

Probably a miss-identification of a 
specimen of the species above, 
wrongly attributed to the genus 
Isometroides. 

      Urodacidae Urodacus `yaschenkoi spp. grp` 3 
Potential SRE from a species 
complex, only known from 1 
location. 

Diplopoda      
   Polyzoniida      

      Siphonotidae `Megalosiphon` `humphreysi` 10 Potential SRE, only known from 2 
locations 1.3 km apart. 

   Polydesmida      

      Paradoxosomatidae Antichiropus humphreysi 20 Confirmed SRE, known from 7 
locations 29.4 kms apart. 

  Boreohesperus capensis 93 Confirmed SRE, known from 41 
locations up to 60 kms apart. 

  Boreohesperus `capensis?` 4 Most likely the same species as the 
record above. 
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Malacostraca      
   Isopoda      

      Armadillidae Buddelundia `sp. BBCR01` 23 Potential SRE, known from 7 
locations 28.3 kms apart. 

  Buddelundia sp. 4 Uncertain ID, potentially the same 
species as the record above. 

  Armadillidae sp. 5 Uncertain ID, possibly the same 
species as the record above. 

      Philosciidae Philosciidae sp. 42 
Uncertain ID, but not consistent 
with any of the other taxa. Could 
represent several species. 

      Family unknown Isopoda sp. 74 Uncertain ID, possibly the same 
species as one of the above. 

MOLLUSCA 
Gastropoda    

z    

      Camaenidae Caperantrum polygyrum 47 Potential SRE, known from 8 
locations 27.2 kms apart. 

 Caperantrum sp. 11 Uncertain ID, potentially the same 
species as the record above. 

 Plectorhagada teres 16 Potential SRE, known from 3 
locations 18.5 kms apart. 

 cf. Plectorhagada scolythyra 4 Potential SRE, known from only 1 
location. 

 Promonturconchum superbum 170 
Confirmed SRE, known from >20 
locations up to 66.5 kms apart, but 
still endemic to North West Cape. 

 Quistrachia cf. warroorana 10 
Widespread (if confirmed as Q. 
warroorana), from multiple 
locations, up to 260 kms south. 

 Rhagada cf. capensis 5 
Widespread (if confirmed as R. 
capensis), from multiple locations, 
up to 150 kms south. 

 Strepsitaurus manduensis 15 
Confirmed SRE, only known from 
the Mandu Mandu Gorge, at two 
sites 560 m apart. 

 Strepsitaurus milyeringus 3 
Confirmed SRE, only known two 
sites (< 500 m apart) in the 
Milyering Gorge. 

 Strepsitaurus ningaloo 145 
Potential SRE, known from 
multiple locations up to 50 kms 
apart. 

 Strepsitaurus susieae 15 
Confirmed SRE, only known from 
one unnamed gorge (1.2 km long), 
south of Tulki Gorge. 

 Strepsitaurus williami 84 
Potential SRE, known from 
multiple locations up to 60 kms 
apart. 

 Strepsitaurus sp. 121 Uncertain ID, potentially the same 
species as the record above. 
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Appendix 2: Potential SRE habitats recorded in the Project area. 
 
           Dune swale within impact footprint                          Dune swale in borefield 

       
 
   Urodacus sp. scorpion from the impact area        Burrowing scorpion (Urodacus sp.) burrows 

 
 
             Rocky slopes near borefield                       Potential open-holed trapdoor spider burrow 
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EXECUTIVE SUMMARY 

The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 

of Exmouth Peninsula in Western Australia. The facility was formerly called the Lighthouse Holiday Park 

and, after acquiring it in 2018, Tattarang Pty Ltd plans to redevelop the holiday park with a greater range 

of accommodation and facilities. Redevelopment of the holiday park and adjacent freehold land as 

Ningaloo Lighthouse Resort is referred to as the ‘Project’ and will require very minor land clearing to 

expand the original holiday park area.  

The Project is located on Yardie Creek Road, approximately 22 km north of Cape Range National Park 

and 16 km north of Exmouth. The ocean to the west of the Project lies within the inshore State and more 

offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast World 

Heritage Area, while the beach lies within Jurabi Coastal Park which is also part of the World Heritage 

area. A proposed borefield to supply the Project with additional water lies in the extensive area of 

Unallocated Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin 

approximately 700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. 

Additional monitoring bores will be placed up to 700 m south of the borefield itself. Production bores 

will be located at the base of the foothills of the eastern side of the range or in the swale between the 

foothills and the first red sand dune parallel to the range. The existing wastewater treatment plant 

(WWTP) for the holiday park is located on freehold land about 400 m south of the Project and almost 

300 m east of the nearest production bore. It lies within an interdunal swale. 

The Exmouth Peninsula has high diversity of species belonging to SRE Groups. These are groups of 

terrestrial invertebrate species that tend to have highly restricted ranges and may be threatened by 

individual development projects. Despite the small size of the Project, development may have potential 

to negatively affect populations of some short-range endemic invertebrate (SRE) species. 

Previous survey records of terrestrial invertebrate species from SRE Groups in a search area of nearly 

7,000 km2, encompassing all Exmouth Peninsula, were compiled by searching the databases of the 

Western Australian Museum and Bennelongia, as well as relevant publications. This type of desktop 

search gives only an indication of the level of species richness that can be expected in an area, rather 

than a precise number of species that exists. 

The conclusion of the desktop review was that at least 24 species from SRE Groups have been recorded 

in the search area, including four species of spider, one species of pseudoscorpion, one species of 

harvestman, two species of scorpion, three species of millipede, two species of slater, and 11 species of 

land snail. Of the records with no taxonomic uncertainty, 14 species are described and a further seven 

species are recognised as new species that have not yet been formally described. Effort to collect 

terrestrial invertebrates (particularly targeting SRE Groups) in the vicinity of the Project has occurred 

predominantly within Cape Range National Park. 

In terms of their distributions, 21 of the 24 species reported in the desktop review are potential or 

confirmed SREs (i.e., species with ranges <10,000 km2), and 11 of the species either occur at the Project 

or are moderately likely to do so and would be expected to face elevated risk from development. The 

land snail Promonturconchum superbum and the millipede Boreohesperus capensis, despite being 

confirmed SREs, are common and very widespread on the Exmouth Peninsula, and these species are 

unlikely to be under threat from the proposed development, which only represents a small fraction of 

their known distribution. The millipede Antichiropus humphreysi, which is also a confirmed SRE, has a 

smaller range. It is known from only seven locations 24 km apart, with occurrences only 11 km south 

from the Project. It most likely occurs in the Project area. However, its distribution is also probably 

multiple times larger than the area of the Ningaloo Lighthouse Resort, meaning persistence of the 

species will not be affected. 

A field survey was undertaken in March 2021 to provide additional information to that in the desktop 

review and the confirm (or otherwise) the conclusions of the review. The survey documented 38 species 

belonging to SRE Groups, including two species of mygalomorph spider; one species of ‘flattie’ spider 
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(Selenopidae); 9 species of pseudoscorpion; five species of scorpion; three species of centipede, five 

species of millipede; one species of dipluran; six species of slater and six species of land snail. Out of 

these species, 16 were potential SREs, two were confirmed SREs (the millipedes Antichiropus humphreysi 

and Boreohesperus capensis), and the remaining 20 species were unlikely SREs or widespread species. 

Only the pseudoscorpion Austrohorus `BPS342` and the scorpion Lychas 'BSCO065' are potential SREs 

currently only known from the Project impact footprint and, therefore, of conservation significance. 

These two species are potential SREs because of deficient data and further studies might align them 

genetically with species outside the Project area. 

Despite the presence of a rich SRE fauna in the Project area, the small size of the impact footprint of the 

Project on rocky hills and very small footprint on red Pindan dune swales suggest that the Project is very 

unlikely to have conservation significant impact on any SRE fauna. 
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1. INTRODUCTION 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 

of Exmouth Peninsula in Western Australia. The facility was formerly called the Lighthouse Holiday Park, 

and after acquiring it in 2018, Tattarang Pty Ltd plans to redevelop the holiday park with a greater range 

of accommodation and facilities. Redevelopment of the holiday park and adjacent freehold land as 

Ningaloo Lighthouse Resort is referred to as the ‘Project’ and will require very minor land clearing to 

expand the original holiday park area. 

 

The Exmouth Peninsula is considered likely to contain high richness of short-range endemic (SRE) 

invertebrates. These are mostly ground-dwelling invertebrates that have overall ranges of less than 

10,000 km2 (Harvey 2002). This makes them susceptible to spatially extensive habitat changes, especially 

if anthropogenic. While most SRE species have larger ranges than the scale of the Project, development 

of the Project may have the potential to negatively affect populations of some SRE species. 

 

The objectives of this report are to: 

1. Compile and evaluate records of SRE species, as well as listed species and ecological 

communities, in the vicinity of the Project. 

2. Assess ranges of SRE species, as well as any listed species, and incorporate this information into 

an assessment of the likelihood conservation significant species occurrence in the Project area. 

3. Report the results of a targeted SRE field survey, compiling and mapping the detected species 

in the Project area and associated borefield. 

4. Outline potential impacts to SRE invertebrate fauna from proposed developments. 

1.1. Project Description 
The Project is located on Yardie Creek Road, approximately 22 km north of Cape Range National Park 

and 16 km north of Exmouth (Figure 1). The ocean to the west of the Project lies within the inshore State 

and more offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast 

World Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World 

Heritage area. 

 

A proposed borefield to supply the Project with additional water lies in the extensive area of Unallocated 

Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin approximately 

700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. Additional 

monitoring bores will be placed up to 700 m south of the borefield itself. Production bores will be 

located at the base of the foothills of the eastern side of the range or in the swale between the foothills 

and the first red sand dune parallel to the range. 

 

The existing wastewater treatment plant (WWTP) for the holiday park is located on freehold land about 

400 m south of the Project and almost 300 m east of the nearest production bore. It lies within an 

interdunal swale. 

2. LEGISLATION 
An ecological community that comprises a naturally occurring biological assemblage in a particular 

habitat type may be listed by the Minister for the Environment, under the Biodiversity Conservation Act 

2016, as a Threatened Ecological Community (TEC) if it presumed to be totally destroyed, critically 

endangered, endangered or vulnerable. A community that is threatened but does not meet these criteria, 

is rare but not threatened, is near threatened, has recently been removed from the TEC list, or is 

conservation-dependent, may be listed informally by the Department of Biodiversity, Conservation and 

Attractions (DBCA) as a Priority Ecological Community (PEC). There are no PECs or TECs in the vicinity of 

the search area listed on the basis of terrestrial SRE taxa. There are also no terrestrial invertebrate species 

listed as Threatened by the Minister under the Bioiversity Conservation Act 2016 or as Priority species by 

DBCA in the vicinity of the Project.  



Lighthouse Resort SRE 

Tattarang 

 

2 

 

 

Figure 1: Location of the Ningaloo Lighthouse Resort area and SRE sampling sites. 
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3. SRE FRAMEWORK 
SRE species tend to exhibit patchy distributions within their small range, and to have slow growth, low 

fecundity, and poor dispersal capabilities. Guidelines for the assessment of impacts to SRE invertebrates 

in Western Australia are provided in Environmental Factor Guideline: Terrestrial fauna (EPA 2016b) and 

Technical Guidance: Sampling of short range endemic invertebrate fauna (EPA 2016a). Assessment is 

restricted to a number of taxonomic groups (the SRE Groups) that are known to contain at least some, 

but more commonly moderate to high proportions of, SRE species. The groups include land snails 

(Gastropoda); millipedes (Diplopoda); centipedes (Chilopoda); pseudoscorpions (Pseudoscorpiones); 

scorpions (Scorpiones); spiders [Araneae, mainly Mygalomorphae (trapdoor spiders)]; slaters (Isopoda); 

and harvestmen (Opiliones). Some other groups, such as velvet worms (Onychophora) and earthworms 

(Oligochaeta), are SRE Groups but are restricted to mesic landscapes. 

 

Groups containing species that are mostly widespread due to high vagility, ecological plasticity or xeric 

adaptation, may also have species with restricted ranges (e.g., Framenau et al. 2008; López-López et al. 

2016; Rix et al. 2015) and, conversely, some species belonging to SRE Groups are in fact widespread. 

Determining whether a species belonging to an SRE Group really has a significantly restricted range 

(estimated as less than 10,000 km²) is often difficult. However, species distributions usually reflect the 

distribution of their preferred habitats. Most SRE species prefer restricted or patchy habitats and hence 

have smaller ranges than species found in widespread habitats. Additional causes of species having small 

ranges include life history and ecological interactions; these sometimes lead to species occupying only 

small extent of a widespread habitat (Harvey 2002; Rix et al. 2015). 

 

Here we followed the classification used for SRE species by the Western Australian Museum (WAM), 

where a species can be classified into one of the following categories: 

 

1. Confirmed SREs have a known distribution range smaller than 10,000 km2. The taxonomy is 

well known, and the group well represented in collections and/or via comprehensive sampling. 

2. Potential SREs belong to a group with gaps in our knowledge of its distribution, either because 

the group is not well represented in collections, taxonomic knowledge is incomplete, or the 

distribution is poorly understood due to insufficient sampling. 

3. Widespread (not SRE) species have a known distribution range larger than 10,000 km2. The 

taxonomy is well known, and the group well represented in collections via comprehensive 

sampling. 

 

The factors considered when evaluating the SRE status of each species in this report were the known 

range of the species, habitat(s) at the collection location(s) and the spatial extent and connectivity of 

these habitats, as well as the distribution patterns of phylogenetically related surrogate species (ideally 

members of the same genus). Potential SREs can be separated into species that treated as SREs as a 

precautionary measure because of insufficient information to determine whether they are widespread 

(data deficient Potential SREs), species that are unlikely to be SREs although the information 

suggesting this is not definitive (Unlikely SREs), and species that existing information suggest are quite 

likely SREs (Potential SREs). 

 

When considering potential impacts on a species, it is recognised that even SRE species may be locally 

widespread around a project area, so that identifying potential SRE species is only the first part of a 

filtering process used to determine whether species may be threatened by a proposed development. 

The actual level of threat to an SRE species depends on its distribution relative to the development 

footprint, rather than SRE status alone. Determining the likely level of threat to a species requires 

consideration of the extent of the species’ preferred habitat, both within and outside the area of 

disturbance. 
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4. DESKTOP REVIEW 
Existing records of terrestrial invertebrates and associated habitat information were examined to 

appraise the likelihood of SRE or listed invertebrate species occurring in the vicinity of the Project. 

Existing survey records in the WAM and Bennelongia databases of species in SRE Groups were compiled 

for a search area of nearly 7,000 km2, encompassing all North West Cape peninsula (Figure 2, Figure 3). 

This type of desktop search gives only an indication of the level of species richness that can be expected, 

in the Project area rather than a species list. Appendix 1 provides a tabulated list of species recorded in 

the search area. It was not practicable to determine the exact number of species that has been collected 

even in the search area because of incomplete or inconsistent taxonomy for some records. Some 

recorded species may represent multiple taxa and, conversely, some specimens assigned to different 

taxa may in reality represent the same species. 

Based on the desktop search, 943 individuals from at least 24 species belonging to SRE groups have 

been recorded in the search area. This includes the higher-level identification Philosciidae sp., which 

must represent at least one unique species (potentially several) because no other species from that 

family were recorded in the search area. The 24 species included four species of spider, one species of 

pseudoscorpion, one species of harvestman (order Opiliones), two species of scorpion, three species of 

millipede, two species of slater, and eleven species of land snail (Appendix 1). 

Fourteen of the 24 species are described. Seven others are recognised as new species but have not been 

formally described and so have provisional names (such as Aname `Learmonth sp. 1` and Euoplos 

`MYG672`).  

Records in Appendix 1 include five additional taxa as a result of animals being identified only to higher 

level than species, two additional taxa as a result of animals being assigned to species already in the list 

but with reservations noted about the identification, and one additional taxon that was probably a mis-

identification. 

The two taxa with reservations about the identifications were (`Euoplos?` `MYG672` and Boreohesperus 

`capensis?`) are most likely synonyms of species already in the table. Moreover, the records of 

Isometroides `aitkeni` probably represent a mis-identification of specimens of Lychas `aitkeni spp. grp`, 

which represent a species complex (similarly to Urodacus `yaschenkoi spp. grp`) that might contain 

multiple undescribed species. 

Using species records as a proxy for sampling coverage, the effort to collect terrestrial invertebrates 

(particularly SRE Groups) in the vicinity of the Project has occurred predominantly within Cape Range 

National Park (Figure 2). Further information on species detected in the desktop review is provided in 

section 5.3, alongside the results of the recent SRE survey in the project area. 

 

4.1. SRE Habitats 

The prospectivity of areas for SREs was assessed by reviewing recent vegetation and landform mapping 

(Ecoscape 2018), as well as through observations made during a brief recognisance trip by Bennelongia 

from 12-14 January 2021. Emphasis was placed on identifying relict, isolated, sheltered, or moist habitats, 

such as rocky outcrops, that are generally considered to be more prospective for SRE species. 

The Project area hosts seven vegetation types, including a total of 169 vascular flora species (Ecoscape 

2018) that cover three different major vegetation habitat types: coastal zone, limestone hills and red 

Pindan dunes. Regarding fauna, five habitat types were recorded by that survey: 

• Red Pindan dune crests, 

• Red Pindan dune swales, 

• Rocky hills and slopes, 

• Sheltered gullies and minor caves associated with limestone, 

• Coastal dunes. 
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There is certainly some overlap between these habitat types, in terms of their function as habitat for 

terrestrial invertebrates in general, and for SRE groups. Coastal dunes are not expected to be prospective 

to SREs, whereas the red Pindan dunes (especially the swales) should be prospective to SRE scorpions 

and centipedes mostly, and less prospective to other SRE groups. Meanwhile, the rocky hills and slopes, 

especially when south facing, should be prospective to a wide range of SRE taxa, including millipedes, 

land snails and spiders. Finally, the sheltered gullies and minor caves have the highest potential to hold 

moisture, and are also the most isolated and patchy habitats, and therefore have the highest SRE 

conservation significance. 

Despite the detection of the five habitats described above by the Ecoscape (2018) survey, the footprint 

area (Figure 1) of the Project only overlaps dune swales and rocky hills and slopes. The former represents 

approximately 80% of the new impact area, whereas the latter represents the remaining 20%. These two 

habitats should be prospective to SREs, but their connectivity outside the development envelope, as well 

as the small area of impact footprint, suggests the Project will have a negligible impact on SRE species 

in the area. Moreover, the SRE species captured in the desktop search that are most likely to occur in 

the Project (Appendix 1, Figure 3) were found in rocky hills and slopes, with the exception of the 

northernmost record of an isopod, collected on red Pindan dunes, but only identified as Isopoda sp. 

Finally, an important caveat of this assessment is that the habitats discussed above were originally 

categorized based on their suitability as habitats for terrestrial vertebrates, and they have limited 

suitability as indicators for SRE invertebrates, as these animals are distributed at the microhabitat scale. 

 

4.2. Preliminary SRE observations 

While on site for a subterranean fauna survey, from 12-14 January 2021, Bennelongia staff conducted a 

brief reconnaissance for SRE species within the project area. This included the borefield and resort 

development footprint. The reconnaissance consisted of looking for evidence of SRE species and 

assessing possible habitat of SRE species. Two broad habitat types were observed on site: 1) the Red 

Pindan dunes with Triodia hummock grassland, mallee and Banksia (photos 1 and 2 in Appendix 2), and 

2) rocky hills (limestone outcropping) with little or no topsoil (photo 5 in Appendix 2).  

Searches within the sand dunes identified the presence of burrows from the scorpion genus Urodacus 

(photo 4 in Appendix 2). This was further confirmed with the sighting of a Urodacus specimen (photo 3 

in Appendix 2). At one location, a circular, web lined hole indicative of open-holed trap door spiders 

(family Anamidae) was also observed (photo 6 in Appendix), however the presence of this group cannot 

be confirmed, as no spiders were observed and some wolf spiders (family Lycosidae, not typically 

considered SRE species) are known to build similar burrows. Additionally, numerous snail shells were 

observed on the surface of the sand dunes. Table 1 outlines the snail species observed on site. Leaf litter 

accumulation under mallee (top right of photo 2 in Appendix 2) and Banksia may provide habitat for 

other SRE groups/species, such as millipedes, pseudoscorpions, and slaters, however a more thorough 

search would be required for this. 

The limestone outcropping also revealed the presence of members from SRE groups. Under rocks and 

in cracks and crevices, we located the exuvia of a millipede from the family Paradoxosomatidae, from 

the genus Antichiropus or Boreohesperus. This was a broken exuvia of a partial animal, so further 

identification is not possible. Snail shells were also collected from under rocks and in cracks and crevices 

and are outlined in Table 1. All snail identifications are preliminary since only dead shells were used, and 

in some cases, only damaged shells were available. 
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Table 1: Snail species observed in the recognisance trip, their broad habitats and notes on taxonomy. 

Species 

Habitat 

Taxonomic Notes and Literature Reviewed Sand 

Dune 

Limestone 

Outcrop 

Quistrachia 

c.f. warroorana 
16 11 

Closest morphological match based on shell and 

distribution (Stanisic et al. 2017, O'Neill et al. 2014) Shell 

shape, pattern and umbilicus match. 

Plectorhagada 

scolythyra 

or 

Plectorhagada 

teres 

2 0 

Closest morphological match based on shell and 

distribution. Umbilicum morphology matches P. 

scolothyra, while upper spire morphology matches P. 

teres (Stanisic et al. 2017; Taylor et al. 2015). Old shell 

may be worn, influencing morphological traits. 

Pupoides 

contrarius 
1 1 Certain ID (Stanisic et al. 2017) 

Rhagada c.f. 

globosa 
3 1 

Closest match based on shell morphology and 

distribution (Stanisic et al. 2017) 

Camaenidae sp. 

or 

?Rhagada sp. 

0 1 

Juvenile and broken shell. Very difficult to identify. Very 

angular, but Rhagada species known to have variable 

intra species shell morphology (Johnson and Stankowski 

2018; Johnson et al. 2016; Stanisic et al. 2017). 

 

5. FIELD SURVEY 

In order to test the conclusions of the desktop study, a field survey targeting SRE groups in the particular 

habitats mentioned above, both in the Project Area and the associated borefield (Figure 1), was 

conducted to clarify the conservation values of SRE invertebrates in the Ningaloo Lighthouse Resort 

area. The survey was carried out from 15-19 March 2021 by Vitor Marques and Bruno Buzatto. The aim 

of the surveys was to collect species from recognised SRE groups in representative habitats types at the 

Project area and associated borefield. 

 

5.1. Survey timing 

Many SRE Groups are most active, and therefore likely to be collected, during and immediately following 

substantial rainfall. A very significant amount of rain fell 13 days before the start of the survey: the 

weather station at Exmouth town recorded a total of 123 mm rainfall from 1-3 March 2021. 

Unfortunately, no more rain was recorded in the survey area during the remainder of March, with the 

exception of 0.2 mm on 15 March, the first day of the survey. 

 

5.2. Sampling effort and methods 
A total of eight sites were sampled using a range of active search methods (Table 2) that varied at each 

site according to habitat, knowledge of the biology of certain taxa and visual observations of burrows 

or other signs of target species. These sites were distributed across each of the habitats present (red 

Pindan dune crests, red Pindan dune swales, rocky hills and slopes, and sheltered gullies and minor caves 

associated with limestone). The distribution of sampling sites is shown in Figure 1. Site selection was 

also based on recent vegetation and landform mapping (Ecoscape 2018), as well as observations from 

the brief recognisance trip by Bennelongia. 

  



Lighthouse Resort SRE 

Tattarang 

 

7 

In addition to habitat characterisation/mapping, two collection techniques were used: 

1. Habitat characterisation consisted of recording the dominant vegetation type; land formation, 

and slope of terrain; the depth of leaf litter and estimated proportion of the site area covered 

by three depth categories (< 1mm, between 1mm and 5mm and > 5mm); and the estimated 

extent of fire and stock impact on the site (both in categories of 1 to 4). 

2. Active foraging consisted of visual searching for evidence of SRE species and included 

searching under boulders and bark, counting spider burrows and digging up representative 

burrows to confirm species identifications, using UV torch searches at night to find scorpions 

and selenopids (spiders commonly known as flatties), setting of cup traps to catch scorpions, 

digging through litter and around roots, and sieving litter. Foraging was conducted in all 

relevant microhabitats present at a survey site, such as under logs, rocks, tree bark or in the 

shade of south facing slopes. Active foraging was always performed for at least 2 h by two 

people, equating a total of 4 h of sampling effort per site. 

3. Litter and soil sampling were performed by collecting up to 0.0037 m3 of litter and soil from 

each site to capture small SRE species, such as pseudoscorpions, small snails, scorpions, 

centipedes and millipedes. The litter/soil samples were sorted in the laboratory using Tullgren 

funnels to separate the animals from the litter/soil. 

 

The survey targeted seven SRE Groups: spiders (Araneae), pseudoscorpions (Pseudoscorpiones), 

scorpions (Scorpiones), centipedes (Chilopoda), millipedes (Diplopoda), slaters (Isopoda) and snails 

(Gastropoda). Even though earthworms (Oligochaeta) and velvet worms (Onychophora) are known to 

contain SREs, these groups were not targeted as they are restricted to high-rainfall areas (Blakemore 

2000; Reid 2002). When foraging, the individuals of all target SRE Groups were preserved in 100% 

ethanol and returned to the laboratory for full identification. Morphological species identifications were 

undertaken by Bruno Buzatto (scorpions, spiders and millipedes), Huon Clark (snails and isopods) and 

Jane McRae (pseudoscorpions and centipedes). 

 

Table 2. Summary of the distribution of SRE sampling sites in the Project Area. NLRA refers to the 

Ningaloo Lighthouse Resort Area, whereas BF refers to the associated borefield to the SSW. 

Method NLRA BF Total 

F + L 2 2 4 

T + F + UV 3 1 4 

Total 5 3 8 

F, forage; L, litter; UV, nocturnal spotlighting with ultraviolet light. 

 

5.3. SREs known from the Desktop Search and collected in the survey 

Trapdoor spiders (Araneae: Mygalomorphae) 

At least four species of trap door spiders, from three different families, were recorded in the desktop 

search area. The family of open-holed trapdoor spiders (Anamidae) was represented by two species, 

both collected between 3 and 7 km south of the southern limit of Cape Range National Park. Aname 

`Learmonth sp. 1’ is known from three locations up to 8.8 km apart, whereas Aname `Learmonth sp. 2` is 

only known from one location, and they are both considered data deficient potential SREs. Both species 

are, however, unlikely to occur in the Ningaloo Lighthouse Resort. Despite sighting burrows similar to 

those of this genus during Bennelongia’s recognisance trip (see section 4.2), no spiders from the family 

Anamidae were found in the Project Area during the SRE field survey. The genus Aname contains large 

diversity of described and undescribed species, and whereas the Pilbara fauna is well studied 

(Castalanelli et al. 2020), some species from North West Cape remain undescribed. 
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Table 3: Species of SRE invertebrate groups recorded in the Project area and its vicinity. 

Grey denotes higher order identifications that might belong to other listed species (not viewed as unique species); blue represents species complexes; red denotes 

sites within the Project’s development footprint, as well as potential SRE species only collected in these sites. 
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ARTHROPODA 

ARACHNIDA                          

   Araneae                            

      Actinopodidae Missulena sp.                 1       

Likely Missulena insignis species 

complex. Found outside the project 

footprint. Unlikely SRE. 

      Idiopidae Euoplos sp.                 1       

Likely Euoplos ‘MYG672’. Found 

outside the project footprint. 

Potential SRE. 

      Selenopidae Karaops burbidgei                   1     
Known from Barrow Island and found 

outside the project footprint. Not SRE. 

   Pseudoscorpiones                            

      Cheiridiidae Cheiridiidae `BPS339`                     2 13 
New species, only found within the 

project footprint. Unlikely SRE. 

      Chernetidae 
Chernetidae 

`BPS338` 
                      4 

New species, only found within the 

project footprint. Unlikely SRE. 

      Chthoniidae 
Austrochthonius 

`BPS341` 
          7       1     

New species, only found outside the 

project footprint. Unlikely SRE. 

  
Tyrannochthonius 

brooksi 
          2       1     

Minimum known linear range of 54 Km 

and only found outside the project 

footprint. Unlikely SRE. 

  Chthoniidae sp.           8       1     Likely one of above species. 



Lighthouse Resort SRE 

Tattarang 

 

9 

Higher Classification 
Lowest 

Identification 

Subterranean 

fauna bycatch 
SRE sampling sites 

Distribution comments 

L
H

0
4

P
 

L
H

0
6

P
 

L
H

0
7

P
 

L
H

1
0

P
 

S
it

e
 1

 

S
it

e
 2

 

S
it

e
 3

 

S
it

e
 4

 

S
it

e
 5

 

S
it

e
 6

 

S
it

e
 7

 

S
it

e
 8

 

      Geogarypidae Geogarypus taylori               1         Widespread species. Not SRE. 

      Olpiidae Austrohorus `BPS340`           2     3 1     

New species only known from the 

Project Area, but from sites outside the 

project footprint. Potential SRE. 

  Austrohorus `BPS342`                     1   

New species only known from the 

Project Area, from a site within the 

project footprint. Potential SRE. 

  Beierolpium sp. 2                       

Uncertain ID, only collected as 

subterranean fauna bycatch in the 

borefield. Unlikely SRE. 

  Euryolpium sp.       2                 

Uncertain ID, only collected as 

subterranean fauna bycatch in the 

borefield. Unlikely SRE. 

  Olpiidae sp.   2 2     5 1 2 1 2     Likely one of above species. 

      Family unknown 
Pseudoscorpiones 

sp. 
  2                     Likely one of above species. 

   Scorpiones                            

      Buthidae Lychas 'BSCO064'         1               
Singleton, collected outside the Project 

footprint. Potential SRE. 

  Lychas 'BSCO065'               1         
Singleton, collected from within the 

Project footprint. Potential SRE. 

  Lychas sp.                 1       Likely one of above species. 

  Lychas variatus s.l.         2   1       2   

Potentially a species complex, but 

found within and outside the Project 

footprint. Unlikely SRE. 
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      Urodacidae Urodacus `BSCO062`           1         3 3 

New species from the Urodacus 

yaschenkoi species complex, from 

within and outside the Project 

footprint. Unlikely SRE. 

  Urodacus `BSCO063`               1         

Potentially conspecific of species 

above, with minor morphological 

differences. Unlikely SRE. 

  Urodacus sp.         1 1             Likely one of above species. 

CHILOPODA                            

   Geophilida                            

      Mecistocephalidae Mecistocephalus sp.                 1       Uncertain ID. Potential SRE. 

      Oryidae Orphnaeus sp.                   1     Uncertain ID. Unlikely SRE. 

   Scolopendrida                            

      Scolopendridae Scolopendra sp.           1             Uncertain ID. Not SRE. 

DIPLOPODA                            

   Polydesmida                            

      Paradoxosomatidae 
Antichiropus 

humphreysi 
              1   1     

Known from locations 40 Km to the 

south. Confirmed SRE. 

  
Boreohesperus 

capensis 
          1       1     

Known from locations 72 Km to the 

south. Confirmed SRE. 

  
Paradoxosomatidae 

sp.* 
          9   5 2 1     Very likely one of above species. 

   Polyxenida                            

      Polyxenidae Unixenus sp.               22 4 6     
Uncertain ID. 

Unlikely SRE (Short and Huynh 2013) 



Lighthouse Resort SRE 

Tattarang 

 

11 

Higher Classification 
Lowest 

Identification 

Subterranean 

fauna bycatch 
SRE sampling sites 

Distribution comments 

L
H

0
4

P
 

L
H

0
6

P
 

L
H

0
7

P
 

L
H

1
0

P
 

S
it

e
 1

 

S
it

e
 2

 

S
it

e
 3

 

S
it

e
 4

 

S
it

e
 5

 

S
it

e
 6

 

S
it

e
 7

 

S
it

e
 8

 

      Synxenidae 
Phryssonotus 

novaehollandiae 
          13   2 2 11     Widespread species. Not SRE. 

   Polyzoniida                            

      Siphonotidae 
Siphonotidae 

`BDI072` 
          1   5 15 1     

Most likely the undescribed species 

‘Megalosiphon humphreysi’. 

Potential SRE.  

ENTOGNATHA                            

   Diplura                            

      Parajapygidae Parajapygidae sp.           1             Uncertain ID. Not SRE. 

MALACOSTRACA                            

   Isopoda                            

      Armadillidae Buddelundia `BIS427`               4   1     

New species only known from the 

Project, from sites within and outside 

the project footprint. Potential SRE. 

  Buddelundia `BIS428`         1               

Singleton only known from one site 

outside the footprint of the Project. 

Potential SRE. 

  Buddelundia `BIS429`                 3       

New species only known from one site 

outside the footprint of the Project. 

Potential SRE. 

  Buddelundia `BIS430`               1 1       

New species only known from the 

Project, from sites within and outside 

the project footprint. Potential SRE. 

  
Troglarmadillo 

`BIS431` 
          3             

New species only known from one site 

outside the footprint of the Project. 

Potential SRE. 
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      Paraplatyarthridae 
Paraplatyarthrus 

`BIS432` 
          1             

New species only known from one site 

outside the footprint of the Project. 

Potential SRE. 

      Family unknown Isopoda sp.           1             
Uncertain ID, likely one of the above 

species. 

MOLLUSCA 

GASTROPODA               

   Stylommatophora                            

      Camaenidae 
Plectorhagada cf. 

scolythera 
          3     4 3     

Also known from 35.5 Km south. 

Potential SRE. 

  
Quistrachia cf. 

warroorana 
          23   47 46 14     

Also known from 38 Km south. 

Potential SRE. 

  Rhagada cf. globosa         1 17   18 28 40     

Also known from 150 Km south. 

Potential SRE (if alignment with 

Rhagada globosa not confirmed). 

  Camaenidae sp.                     50   
Uncertain ID, likely one of the above 

species. 

      Pupillidae Gastrocopta larapinta                 5   1   Widespread species. Not SRE. 

  Pupisoma cf. orcula                 2   1   

Widespread species. Not SRE (however 

species alignment with Pupisoma 

orcula not confirmed yet). 

  Pupoides contrarius               2 3       Widespread species. Not SRE. 

   Order unknown Gastropoda sp.               1 5   1   Likely one of above species. 

CLASS UNKNOWN Mollusca sp.                 4       Likely one of above species. 
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Figure 2: SRE records around the Ningaloo Lighthouse Resort. 
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Conothele `MYG673` (Halonoproctidae) is known from two different locations approximately 8.5 km 

apart, one within the northern end of Cape Range National Park, and the other one just outside its north-

eastern border. Both locations are about 24 km south of the Project, and this specie sis also considered 

a data deficient potential SRE, moderately likely to occur in the Ningaloo Lighthouse Resort. Several new 

genetic lineages of this genus were recently detected by Huey et al. (2019), but none of these were 

recorded from North West Cape. No species of this genus were found during the SRE survey. 

The spiny trapdoor spider Euoplos `MYG672` (Idiopidae; Wilson et al. 2020) is known from three different 

locations up to 24 km apart, all of them at least 24.7 kms south of the Project Area. This species is a data 

deficient potential SRE, and it was initially considered moderately likely to occur in the Ningaloo 

Lighthouse Resort. In fact, a mature female of this genus was collected during Bennelongia’s SRE survey 

in site 5, in a south facing rocky slope that is out of the project’s development envelope. This  female is 

likely conspecific with Euoplos `MYG672`, but this can only be confirmed with future sequencing work. 

Even if this is a new species, however, it should not be under threat from the proposed development, 

given its occurrence outside the project footprint. 

Finally, a juvenile mouse spider (Actinopodidae: Missulena) was collected during the field survey, from 

the same south facing rocky slope found in site 5. This genus currently has 17 described species in 

Australia, most of these occurring in Western Australia, where seven species are endemic to the state 

(Framenau and Harms 2017). It is also clear that the diversity of this genus is underrepresented by the 

current taxonomy (Harms and Framenau 2013; Miglio et al. 2014), which represents a fraction of the 

actual species diversity in this region (Framenau and Harms 2017). The only species from that genus that 

had previously been collected from the Exmouth Peninsula was Missulena occatoria, which is a 

widespread species. However, Miglio et al. (2014) highlighted that Missulena insignis and Missulena 

occatoria cannot be distinguished based on the original description, and Main (1985) suggested that 

Western Australian specimens are M. insignis, whereas eastern Australian specimens are the real M. 

occatoria. Therefore, the new Missulena specimen probably represent M. insignis, which in itself could 

represent a species complex, and whether the new specimen is a new genetic lineage can only be 

determined with future molecular work. Regardless of whether this specimen represents a new and 

restricted genetic lineage, or a widespread lineage of M. insignis, it should not be under threat from the 

proposed development, given its occurrence outside the project footprint. 

 

‘Wall crab spiders’ or ‘flatties’ (Araneomorphae: Selenopidae) 

Spiders of the family Selenopidae are dorsoventrally flattened and very fast, and the genus Karaops is 

restricted to Australia and widespread throughout the continent. The elusiveness of the genus probably 

explains low numbers in museum collections, where many species are known only from one sex, and 

several species from only a single specimen, leading Crews and Harvey (2011) to suggest that with more 

collecting, as well as morphometric and molecular data, some species of the genus will be considered 

SREs in the future. One mature female of Karaops burbidgei was collected in site 6, a south facing rocky 

slope that is out of the project’s development envelope. This species was originally described from 

Barrow Island (Crews and Harvey 2011; Crews 2013), and has since been detected in Cape Range 

National Park, suggesting that the species is relatively widespread in the northwest corner of the Pilbara. 

 

Pseudoscorpions 

The pseudoscorpion fauna of North West Cape is diverse, but mostly comprised of subterranean species. 

On the surface, only one species of potential SRE pseudoscorpion is known from the desktop search 

area, Synsphyronus `PSE164` (Garypidae). This species was only recorded in one location, immediately 

east of the north-eastern border of Cape Range National Park, and approximately 27.5 km south of the 

Project. S. `PSE164` is one of many new undescribed species of the genus from the Pilbara and Gascoyne 

regions, and some of the described species are considered SREs (Harvey et al. 2015). S. `PSE164` is a 

potential SRE, moderately likely to occur in the Ningaloo Lighthouse Resort. Bennelongia’s SRE survey 

detected a total of 68 pseudoscorpions from at least nine different species that are surface dwellers, 

even though two of these species (Beierolpium sp. and Euryolpium sp.) were only collected as bycatch 
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from Bennelongia’s stygofauna survey. No individuals of the genus Synsphyronus, or even the family 

Garypidae, were collected in the survey. 

Family Chthoniidae 

Two species of the pseudoscorpion family Chthoniidae were collected. Eight individuals of 

Austrochthonius `BPS341` were found in two sites outside the project footprint. Epigean members of this 

genus in Australia can be common in leaf litter, but the only species known from the Northwest Cape 

peninsula is the troglobitic Austrochthonius easti (Harvey and Mould 2006). Therefore, A. `BPS341` 

probably represents an undescribed species that is unlikely to be an SRE. Meanwhile, three specimens 

of Tyrannochthonius brooksi were collected from the same two sites mentioned above, outside the 

project footprint. This species was previously known from three different sites in the Northwest Cape 

peninsula, and the new record from the project area extends its minimum known linear range to 

approximately 54 Km. Neither chthoniid collected is under threat from the proposed development. 

Family Cheiridiidae 

This family is very poorly known in Australia, with only one species described, and no records from the 

Northwest Cape peninsula. Cheiridiidae `BPS339` is probably a new species, and it was found abundantly 

in sites 7 and 8, within the project development footprint. The family is known to have phoretic 

associations with insects (Jhasser Martínez et al. 2018), and therefore its species are not normally 

considered SREs. However, confidently inferring the SRE status for Cheiridiidae `BPS339` is currently not 

possible, so this species remains an unlikely SRE. 

Family Chernetidae 

This cosmopolitan family is poorly defined, and there is no taxonomic framework to allow assigning this 

species to a particular genus. Four individuals of Chernetidae `BPS338` were collected from site 8, within 

the project’s footprint. However, this family is also known for phoresy, so it is very likely that Chernetidae 

`BPS338` is phoretic on flies and beetles. Considering these pseudoscorpions tendency to be widely 

dispersed, Chernetidae `BPS338` is unlikely to be of conservation significance, but its SRE status cannot 

be fully ruled out, and it is here considered an unlikely SRE. 

Family Geogarypidae 

Geogarypus taylori was only collected from within the project footprint, but this species is widespread 

in Australia, with multiple records from Western Australia, as well as the Northern Territory, South 

Australia, New South Wales and Victoria. 

 

Family Olpiidae 

The genus Austrohorus only has one described species in Australia, and only four records from the 

Exmouth Peninsula, all from the eastern part of Cape Range National Park, and all only identified to 

genus. Austrohorus `BPS340` was collected from three different sites, all outside of the project footprint, 

whereas Austrohorus `BPS342` was only collected from one site, within the project development 

footprint. The current knowledge of this genus is insufficient to accurately determine species 

distributions, and this group is believed to contain potentially range restricted species. Therefore, A. 

`BPS340` and A. `BPS342` are potential SREs, but only the former is of conservation significance, given 

that it is only known from the Project footprint area. 

 

Finally, the species Beierolpium sp. and Euryolpium sp. were represented by four individuals collected as 

bycatch from the stygofauna sampling in the borefield. These individuals could not be identified to 

species level, but their occurrence in the borefield, which is not considered an impact area for SREs, 

suggests they are not of conservation significance. 
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Figure 3: Search area and records of SREs from different taxonomic groups. 
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Harvestmen (order Opiliones) 

The species Dampetrus isolatus (Assamiidae) was originally described from several caves in the North 

West Cape. Despite having reduced eyes, it is not especially troglomorphic (Shear 2001) and the species 

may also inhabit epigean environments. The species is currently known from at least three different 

locations that are approximately 8 km apart, all within Cape Range National Park (central eastern part) 

and at least 32 km from the Project. This species is therefore a potential SRE, moderately likely to occur 

in the Ningaloo Lighthouse Resort. However, this species was not recorded during the SRE survey. 

 

Scorpions 

Two species of potential SRE scorpions, from two different families, are known from the desktop search 

area. In the family Buthidae, Lychas `aitkeni spp. grp` was collected from two different locations 

approximately 4.5 km apart, both within the north-eastern end of Cape Range National Park. These 

locations are about 29 km south of the Project, and this species is considered a data deficient potential 

SRE, moderately likely to occur in the Ningaloo Lighthouse Resort. During the survey, three species of 

the genus Lychas were collected, Lychas variatus s.l., Lychas 'BSCO064' and Lychas 'BSCO065'. The first 

species probably represent a species complex, but its abundance and occurrence in diverse habitats 

suggests it is unlikely to be an SRE. Lychas 'BSCO064' and Lychas 'BSCO065', on the other hand, are both 

new species that are only known from the project area. And whereas the former is only known from 

outside the project impact footprint, the latter is only known from a site within that footprint. Both 

species are potential SREs, and Lychas 'BSCO065' is of conservation significance. The alignment of these 

species with Lychas `aitkeni spp. grp`, and a more detailed assessment of their potential distribution, 

requires comparisons with museum material and/or molecular work. 

In the family Urodacidae (burrowing scorpions), there were three records of Urodacus `yaschenkoi spp. 

grp` from a location, approximately 4 km east of the southern boundary of Cape Range National Park. 

The framework for formal scorpion identification in Western Australia needs significant revisions, and 

whereas Urodacus yaschenkoi is a seemingly widespread species, it is known to represent a species 

complex that hides cryptic diversity (Luna-Ramirez et al. 2017), and the specimens from Exmouth 

Peninsula probably represent a new undescribed species that is here considered a data deficient 

potential SRE. Due to its occurrence more than 60 km south of the Project, this species was originally 

considered unlikely to occur near the Ningaloo Lighthouse Resort, but seven specimens of the species 

complex were collected during the survey. They were found both within and outside the project impact 

footprint, in the red sand dunes habitat. We here refer to this species as Urodacus `BSCO062`, and its 

occurrence more than 60 km to the south indicates it is unlikely to be an SRE. Importantly,  one specimen 

of Urodacus had slight differences in the pedipalp manus and metasoma V, and therefore is treated as 

Urodacus `BSCO063`. This specimen might be a conspecific with Urodacus `BSCO062`, but this can only 

be confirmed with molecular work. 

 

Centipedes 

No SRE centipedes were detected in the desktop search area, but three individuals were collected from 

reference sites in the Project area. The identification of Mecistocephalus sp., Orphnaeus sp. and 

Scolopendra sp. could not be made at the species level, but all three specimens were collected outside 

the project impact footprint, and they are therefore considered not to be of conservation significance. 

Based on their taxonomy, Mecistocephalus sp. is considered a potential SRE, whereas Orphnaeus sp. is 

an unlikely SRE, and Scolopendra sp. is not an SRE, although these are preliminary assessments, and 

genetic work is necessary for a full assessment. 
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Figure 4: Confirmed SREs in the Desktop Search Area. 
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Millipedes 

At least three different species of potential SRE millipedes from two families were known from the 

desktop Search area. In the family Siphonotidae (Polyzoniida), the species `Megalosiphon` `humphreysi` 

is known from two different locations approximately 1.3 km apart, both within the north-eastern end of 

Cape Range National Park. The name ̀ Megalosiphon` ̀ humphreysi` is an unpublished name from the PhD 

thesis by Dennis Black, and might become a valid published species in the future. The 22 specimens of 

siphonotids were collected from four different locations in the Project area during survey are referred to 

as Siphonotidae ̀ BDI072` but may well be ̀ Megalosiphon` ̀ humphreysi`. The original locations from which 

this species was collected are about 33 km south of the Project, and Siphonotidae `BDI072` is therefore 

considered a potential SRE that is not under threat from the proposed development. 

 

Two species of the family Paradoxosomatidae (Polydesmida) were known from the search area. 

Antichiropus humphreysi was originally described from a cave in Cape Range National Park (Shear 1992), 

but it has since been collected in epigean environments as well, and is currently known from seven 

locations just over 24 km apart, some of these in the central-eastern part of the National Park, and some 

around the town of Exmouth (approximately 11 km from the Project). This genus has been well studied 

morphologically and genetically, and the group has also been extensively collected across the Pilbara 

(Car et al. 2019), so A. humphreysi is considered a confirmed SRE. Bennelongia’s survey collected at least 

two males of this species in the Ningaloo Lighthouse Resort area, from sites both within and outside the 

project’s development footprint. These new records extend the known linear range of this species to 

approximately 40 km, and it is not considered to be under threat from the proposed development. 

 

Similarly to A. humphreysi, the other species of Paradoxosomatidae known from the desktop search area, 

Boreohesperus capensis, was also originally described from caves (Shear 1992). This species has 

commonly been found on the surface as well, and its lack of troglobitic adaptations suggests that its 

presence in caves results from cave entrances presenting attractive refuges in the dry environment of 

Exmouth Peninsula. All described species of Boreohesperus are SREs (Car and Harvey 2017), and B. 

capensis is therefore considered a confirmed SRE. The species was found in at least two sites in the 

project area, both outside the project’s footprint. This survey extends the species known linear 

distribution to 72 km, and despite being a well-studied confirmed SRE, the species is fairly common and 

widespread in the Exmouth Peninsula, and is hence not under threat from the proposed development. 

 

Slaters (Isopoda) 

Family Armadillidae 

Isopods from the species Buddelundia `sp. BBCR01` (Armadillidae) were known from seven locations 

28 km apart, mostly in the eastern part of Cape Range National Park, but also just outside the park to 

the north and east of its borders. The records are at least 18 km from the Project, and the species is 

considered moderately likely to occur in the Ningaloo Lighthouse Resort. Species of this genus can vary 

widely in the size of their distributions, and some are SREs (Judd 2004). Given that B. `sp. BBCR01` is not 

a valid described species, it is currently considered a data deficient potential SRE. During the survey, four 

species of the genus Buddelundia were collected. These are currently all considered new species and 

potential SREs, but one of them could be aligned to Buddelundia `sp. BBCR01` in the future. All of these 

species were collected from at least one site outside the project footprint, and therefore none of them 

is considered to be under threat from the proposed development. 

The genus Troglarmadillo was absent from the desktop Search area, but three individuals of 

Troglarmadillo `BIS431` were collected during the survey, from site 2 outside the Project footprint. This 

new species is considered a potential SRE, but it is not under threat from the proposed development. 
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Figure 5: SRE groups collected in the Project Area. 
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Family Paraplatyarthridae 

The genus Paraplatyarthrus was absent from the desktop search area, but one individual of 

Paraplatyarthrus `BIS432` were collected during the survey from site 2 outside the Project footprint. This 

new species is considered a potential SRE, but it is not under threat from the proposed development. 

Family Philosciidae 

This family was represented by 42 specimens in the desktop search, recorded from seven different 

locations. Unfortunately, given the uncertain identification (to family level) of these records, even though 

they are known to represent new species (not the same as any other record in Appendix 1), these records 

could represent several species, and an SRE status assessments is not possible at present. No species 

from this family were collected during the survey. 

 

Land snails (Gastropoda: Camaenidae) 

The family Camaenidae represent the dominant group of land snails on Exmouth Peninsula Cape (Taylor 

et al. 2015), and 11 species of this family were known from the desktop search area. The SRE survey 

collected 319 specimens of land snails, but the vast majority of these records consist of empty shells, so 

the identifications are often preliminary, indicated by ‘cf.’. 

Caperantrum polygyrum is the only species in its genus, and represents a rare and endemic species in 

Cape Range. It is a potential SRE known from only eight locations that are 27.2 km apart and include 

areas in the south and east parts of Cape Range National Park, as well as a location outside of the park, 

to the southeast. The closest record of this species to the Project is 37 km to the south, and the species 

was hence considered moderately likely to occur in the area. No specimens of this species were collected 

during the survey. 

The genera Plectorhagada and Strepsitaurus are morphological similar and have mutually exclusive 

ranges near Cape Range (Taylor et al. 2015). Plectorhagada teres is a potential SRE, known from three 

locations 18.5 km apart, two of these in the north-western part of Cape Range National Park, and the 

other just north of Exmouth and 11 km south from the Project. It was initially considered likely to occur 

in the Ningaloo Lighthouse Resort area. Meanwhile, Plectorhagada scolythyra is also a potential SRE, but 

known from only one location, 22 km south of Exmouth on the eastern coast of the peninsula. This 

location is 35.5 km south of the Project, and therefore the species was initially considered less likely to 

occur in the Ningaloo Lighthouse Resort area. However, whereas Plectorhagada teres was not collected 

during the survey, 10 individuals of Plectorhagada  cf. scolythyra  were collected from three different 

sites, all outside the project impact footprint. 

Five species of the genus Strepsitaurus are known from the desktop search area, and three of them are 

confirmed SREs. S. manduensis is only known from the Mandu Mandu Gorge at two sites 560 m apart; 

S. susieae is only known from one small unnamed gorge (approximately1.2 km long), south of Tulki 

Gorge, on the west side of Cape Range; and S. milyeringus is only known from two sites (< 500 m apart) 

in the Milyering Gorge (Taylor et al. 2015). These three species are, however, unlikely to occur in the 

vicinity of the Ningaloo Lighthouse Resort. Meanwhile, the other two species are known from multiple 

locations, and their ranges span at least 50 km (Strepsitaurus ningaloo), and 60 km (Strepsitaurus 

williami). Whereas the records of S. ningaloo are at least 43 km south of the project (unlikely to occur in 

the area), S. williami occurs just south of Exmouth (15 km south of the Project) and it is considered likely 

to moderately likely to occur in the Ningaloo Lighthouse Resort. However, no species of the genus 

Strepsitaurus were collected during the survey. 

The species Quistrachia warroorana is widespread, known from multiple locations outside the search 

area, up to 260 km south (south of Lake Mcleod). The specimens recorded in the search area, however, 

were only found in one location 38 km to the south of the Project, in the middle of the Cape Range 

National Park, and were identified as Quistrachia cf. warroorana, meaning that the alignment with 

Quistrachia warroorana is not certain. Thus, Quistrachia warroorana was considered unlikely to occur at 

the Project but 130 individuals of this species were collected from four different sites, both within and 
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outside the project impact footprint. This species is therefore considered a potential SRE that is not 

under threat from the proposed development. 

Rhagada capensis is a relatively widespread species, recorded up to 150 km south of the Project, near 

the northern end of Lake Mcleod. Some of the specimens recorded in the search area, however, were 

identified as Rhagada cf. capensis, which means that the alignment with R. capensis is not certain. It is 

possible that this is a new species and potential SRE, only known from three locations up to 5.5 km apart, 

in the north-eastern part of Cape Range National Park. These locations are 28.6 km south of the Project, 

so this species is relatively unlikely to be in the Ningaloo Lighthouse Resort. In fact, the only species of 

this genus collected during the survey was Rhagada cf. globosa, of which 104 individuals were collected 

from five different sites, both within and outside the Project impact footprint. Rhagada globosa is known 

from Coral Bay, 150 Km to the south, so if the collected individuals are confirmed to be that species, it 

would not be considered an SRE. However, given that only dead shells were collected, the alignment 

cannot be confirmed. Even if Rhagada cf. globosa is a new species only known from the Project Area, its 

abundance and distribution outside the project footprint suggest it is not under threat from the 

proposed development. 

Promonturconchum superbum is common and very widespread in the Exmouth Peninsula, known so far 

from more than 20 locations up to 66.5 km apart. Due to the geography of the peninsula, however, the 

known area of distribution of this species is still less than 1,000 km2, so it is still considered a confirmed 

SRE. The species is likely to occur in the Project area, but it is unlikely to be under threat from the 

proposed development, give that it only represents a small fraction of its known distribution. This species 

was not collected during the survey. 

 

6. CONCLUSIONS 
This desktop assessment indicates that there is a community of potential SRE invertebrates (11 species) 

with likelihoods of occurring at the Project that range from moderate to high. The species include 

trapdoor spiders, pseudoscorpions, harvestmen, scorpions, millipedes, isopods, and snails. Six species of 

confirmed SREs were recorded in the search area, but only three of these were initially considered likely 

to occur in the Project. 

Based on a desktop review, it was concluded that the land snail Promonturconchum superbum and the 

millipede Boreohesperus capensis, despite being confirmed SREs, are common and very widespread on 

the Exmouth Peninsula, and these species are unlikely to be under threat from the proposed 

development, which only represents a small fraction of their known distribution. On the other hand, the 

millipede Antichiropus humphreysi was originally only known from seven locations just over 24 km apart, 

and some of these are approximately 11 km south of the Project. This confirmed SRE species is the most 

likely to occur in the Project, but its distribution is also probably multiple times larger than the area of 

the Ningaloo Lighthouse Resort. 

During Bennelongia’s recognisance trip associated with the desktop review, suitable SRE habitat in dune 

swales (for scorpions and centipedes) was observed in the impact footprint (Appendix 2), and an 

unidentified species of burrowing scorpion (Urodacus sp.) was recorded in that area. Five species of snails 

and one species of millipede were also observed, but the identifications are mostly preliminary. Rocky 

slopes, suitable for a range of SRE groups, were observed near the borefield, where potential open-

holed trapdoor spider burrows were also observed. 

A field survey undertaken in March 2021 in the Project and close surrounds collected 38 species 

belonging to target groups, including two species of mygalomorph spider; one species of ‘flattie’ spider 

(Selenopidae); 9 species of pseudoscorpion; five species of scorpion; three species of centipede, five 

species of millipede; one species of dipluran; six species of slater and six species of land snail. Out of 

these species, 16 were potential SREs, two were confirmed SREs (the millipedes Antichiropus humphreysi 

and Boreohesperus capensis), and the remaining 20 species were unlikely SREs or widespread species. 
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Among the species collected, only the pseudoscorpion Austrohorus `BPS342` and the scorpion Lychas 

'BSCO065' are potential SREs that are currently only known from the Project impact footprint, and 

therefore are of conservation significance. These species are, however, data deficient Potential SREs and 

assigning them as potential SREs is precautionary. Further studies may align them genetically with 

species outside the project area. 

Despite the presence of a rich SRE fauna in the Project Area, the negligible impact footprint of the Project 

on rocky hills and very small footprint on red Pindan dune swales suggest that the Project is very unlikely 

to have significant impact on any SRE fauna. 
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Appendix 1 – Species of SRE invertebrate groups recorded in the Project 

area and its vicinity. 
Described species known to be widespread (non-SRE, with ranges larger than 10,000 Km2) were removed 

from the table. Grey denotes higher order identifications that might belong to other listed species (not 

viewed as unique species); blue represents species complexes. 

Higher Classification Lowest Identification 
Specimen 

records 
SRE Status 

ARTHROPODA 

Arachnida       

   Araneae       

      Anamidae Aname `Learmonth sp. 1` 3 
Potential SRE, only known from 3 

locations 8.8 kms apart. 

  Aname `Learmonth sp. 2` 1 
Potential SRE only known from 1 

location. 

      Halonoproctidae Conothele `MYG673` 2 
Potential SRE, only known from 2 

locations 8.5 kms apart. 

      Idiopidae Euoplos `MYG672` 2 
Potential SRE, only known from 3 

locations up to 24 kms apart. 

  `Euoplos?` `MYG672` 1 
Most likely the same species as the 

record above. 

   Pseudoscorpiones      

      Garypidae Synsphyronus `PSE164` 4 
Potential SRE only known from 1 

location. 

   Opiliones      

      Assamiidae Dampetrus isolatus 3 

Potential SRE, associated to caves 

and only known from 3 locations 

8.5 kms apart. 

   Scorpiones     

      Buthidae Lychas `aitkeni spp. grp` 2 

Potential SRE from a species 

complex, only known from 2 

locations 4.5 kms apart. 

  Isometroides `aitkeni` 1 

Probably a miss-identification of a 

specimen of the species above, 

wrongly attributed to the genus 

Isometroides. 

      Urodacidae Urodacus `yaschenkoi spp. grp` 3 

Potential SRE from a species 

complex, only known from 1 

location. 

Diplopoda      

   Polyzoniida      

      Siphonotidae `Megalosiphon` `humphreysi` 10 
Potential SRE, only known from 2 

locations 1.3 km apart. 

   Polydesmida      

      Paradoxosomatidae Antichiropus humphreysi 20 
Confirmed SRE, known from 7 

locations 29.4 kms apart. 

  Boreohesperus capensis 93 
Confirmed SRE, known from 41 

locations up to 60 kms apart. 

  Boreohesperus `capensis?` 4 
Most likely the same species as the 

record above. 
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Malacostraca      

   Isopoda      

      Armadillidae Buddelundia `sp. BBCR01` 23 
Potential SRE, known from 7 

locations 28.3 kms apart. 

  Buddelundia sp. 4 
Uncertain ID, potentially the same 

species as the record above. 

  Armadillidae sp. 5 
Uncertain ID, possibly the same 

species as the record above. 

      Philosciidae Philosciidae sp. 42 

Uncertain ID, but not consistent 

with any of the other taxa. Could 

represent several species. 

      Family unknown Isopoda sp. 74 
Uncertain ID, possibly the same 

species as one of the above. 

MOLLUSCA 

Gastropoda    

   Stylommatophora    

      Camaenidae Caperantrum polygyrum 47 
Potential SRE, known from 8 

locations 27.2 kms apart. 

 Caperantrum sp. 11 
Uncertain ID, potentially the same 

species as the record above. 

 Plectorhagada teres 16 
Potential SRE, known from 3 

locations 18.5 kms apart. 

 cf. Plectorhagada scolythyra 4 
Potential SRE, known from only 1 

location. 

 Promonturconchum superbum 170 

Confirmed SRE, known from >20 

locations up to 66.5 kms apart, but 

still endemic to North West Cape. 

 Quistrachia cf. warroorana 10 

Widespread (if confirmed as Q. 

warroorana), from multiple 

locations, up to 260 kms south. 

 Rhagada cf. capensis 5 

Widespread (if confirmed as R. 

capensis), from multiple locations, 

up to 150 kms south. 

 Strepsitaurus manduensis 15 

Confirmed SRE, only known from 

the Mandu Mandu Gorge, at two 

sites 560 m apart. 

 Strepsitaurus milyeringus 3 

Confirmed SRE, only known two 

sites (< 500 m apart) in the 

Milyering Gorge. 

 Strepsitaurus ningaloo 145 

Potential SRE, known from 

multiple locations up to 50 kms 

apart. 

 Strepsitaurus susieae 15 

Confirmed SRE, only known from 

one unnamed gorge (1.2 km long), 

south of Tulki Gorge. 

 Strepsitaurus williami 84 

Potential SRE, known from 

multiple locations up to 60 kms 

apart. 

 Strepsitaurus sp. 121 
Uncertain ID, potentially the same 

species as the record above. 

 



Lighthouse Resort SRE 

Tattarang 

 

27 

Appendix 2: Potential SRE habitats recorded in the Project area. 
 

           Dune swale within impact footprint                          Dune swale in borefield 

       
 

   Urodacus sp. scorpion from the impact area        Burrowing scorpion (Urodacus sp.) burrows 

 
 

             Rocky slopes near borefield                       Potential open-holed trapdoor spider burrow 
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EXECUTIVE SUMMARY 

Tattarang Pty Ltd plans to redevelop the Ningaloo Lighthouse holiday park with a greater range of 

accommodation and facilities (the Project). As a part of this, Tattarang has identified a requirement for 

additional water for the ongoing operations of the Project and plans to source this water from a borefield 

located approximately 700 m to the south of the Project.  

 

Western Australia contains globally significant radiations of the two types of subterranean fauna: aquatic 

stygofauna and ground-dwelling troglofauna. This includes substantial radiation of subterranean fauna 

on the Exmouth Peninsula. Subterranean fauna across Western Australia occur predominantly in small 

underground voids, fissures or interstitial spaces across the broad landscape. In contrast, much of the 

troglofauna on Exmouth Peninsula has been collected from caves and the more significant stygofauna 

records have been collected from sinkholes that represent collapsed caves. 

 

The extraction of water from the proposed Project borefield has the potential to impact upon any 

stygofauna species and communities in that area. Two rounds of stygofauna survey were conducted to 

document the stygofauna species and communities present within the aquifer being accessed by the 

borefield, so as to enable an assessment of borefield operations on stygofauna conservation values. The 

first sampling round (12-13 January 2021) focussed on bores within the borefield. The second round 

(15-18 March 2021) repeated the borefield sampling and also sampled of regional bores. 

 

A total of 477 stygofauna specimens were collected during the two rounds of survey. The 10 samples 

from bores outside the borefield yielded 436 specimens belonging to 11 species, two of which also 

occurred in the borefield. 

 

In contrast, the 30 samples collected from the borefield yielded only 41 specimens belonging to four 

species. Three species, a nematode worm, copepod crustacean Diacyclops humphreysi and oligochaete 

worm Enchytraeidae `3 bundle` s.l. (short sclero), have been collected or are considered to occur widely 

outside the borefield. The fourth species, copepod Parastenocaris `BHA286`, has been collected to date 

only within the borefield. 

 

Existing knowledge of the distributions of copepod distributions suggests that Parastenocaris `BHA286` 

is almost certain to have a range extending well beyond the very small area of borefield drawdown. 

Other species in the borefield, which has a depauperate stygofauna community, have wide ranges. 

Therefore, the threat from Project borefield operations to stygofauna conservation values is low.  
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1. INTRODUCTION 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 

of Exmouth Peninsula in Western Australia (Figure 1). The facility was formerly called the Lighthouse 

Holiday Park and, after acquiring it in 2018, Tattarang Pty Ltd plans to redevelop the holiday park with 

a greater range of accommodation and facilities. Redevelopment of the holiday park and adjacent 

freehold land as Ningaloo Lighthouse Resort is referred to as the ‘Project’ and will require very minor 

land clearing to expand the original holiday park area. Tattarang has also identified a requirement for 

additional water for the ongoing operations of the Project and plans to source this water from a 

groundwater borefield located approximately 700 m to the south of the Project. Abstraction will 

eventually rise to 75,000 KL/year. 

 

Extraction of groundwater has the potential to impact upon stygofauna species and communities living 

in the groundwater. Stygofauna is a term applied to aquatic animals, nearly all invertebrates, that occupy 

groundwater. This report follows from a desktop assessment of the likelihood of occurrence of 

stygofauna in the Project area (Bennelongia 2020) and presents the results of field survey undertaken to 

assess whether the operation of the Project borefield will have significant impacts on stygofauna. 

 

The objectives of this report are to: 

1. Compile and evaluate records of stygofauna species collected from two rounds of survey 

conducted from within the Project borefield and surrounding regional aquifer, 

2. Assess the significance of stygofaunal species and/or communities collected from within the 

Project borefield area, and 

3. Conduct an impact assessment on stygofauna species and/or communities in relation to 

operation of the borefield. 

 

The potential for the Project to have impact on troglofauna was addressed by Bennelongia (2020), when 

it was concluded impact on this type of subterranean fauna was unlikely. Troglofauna is not considered 

further in this report. With both few species expected to occur in the borefield, and minimum drawdown 

and surface disturbance, the impact on any troglofaunal species would be negligible. No troglofaunal 

habitat will be removed or altered. 

 

The potential for disposal of wastewater to lead to nutrient enrichment of groundwater was also 

addressed by Bennelongia (2020). No stygofauna sampling was undertaken with the objective of 

addressing the impacts of nutrient enrichment on stygofauna but the likely effects on stygofauna are 

discussed in this report. 

1.1. Project Description 
The Project is located on Yardie Creek Road, approximately 22 km north of Cape Range National Park 

and 16 km north of Exmouth. The ocean to the west of the Project lies within the inshore State, and 

more offshore Commonwealth, Ningaloo Marine Parks that form the bulk of the Ningaloo Coast World 

Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World Heritage 

area. 

 

The proposed borefield to supply the Project with additional water lies in the extensive area of 

Unallocated Crown Land at the northern end of Exmouth Peninsula. The borefield begins approximately 

700 m south of the Project and extends 1.1 km southwards along the eastern side of Cape Range. 

Additional monitoring bores will be placed up to 700 m south of the borefield itself. Production bores 

will be located at the base of the foothills of the eastern side of the range or in the swale between the 

foothills and the first red sand dune parallel to the range. 

 

For the purposes of groundwater allocation, the proposed borefield lies within the Exmouth North 

subarea of the Department of Water and Environmental Regulations (DWER). The aquifer in this subarea  
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Figure 1: Location of the Project within Western Australia 
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is hyposaline and is currently considered to be over-allocated, with 200,000 KL per annum available for 

use and already licenced abstraction of 258,000 KL (WRC 1999). 

 

The Project has an existing groundwater licence allocation of 32,000 KL per annum under DWER licence 

253728, which covers an area more or less coincident with the Project area. The anticipated future 

groundwater requirement for the Project is 72,000 KL per annum (Pennington Scott 2020), and an 

additional 40,000 KL per annum of groundwater is required. Production bores at the Project are slotted 

to a depth of no more than 2 m below the water table (Pennington Scott 2020), limiting the maximum 

extent of drawdown that will be experienced at the borefield to <2 m. 

2. GEOLOGY AND HYDROGEOLOGY 

2.1. Geology 
The Exmouth Peninsula essentially consists of limestone with overlying sands around the fringe. The 

peninsula is dominated by Cape Range, which runs almost its full length with a crest that is about 100 m 

above sea level (asl) at the northern end and about 300 m asl in the south. The range is flanked by a 

relatively narrow flat coastal plain to the west and a broader plain to the east (Allen 1993). The geological 

sequence of the eastern part of the range and associated coastal plain is mostly a moderately thin layer 

of Trealla limestone over Tulki limestone, with Manndu limestone below. There is also a small amount 

of Pilgramunna formation (a calcareous sandstone) that is younger than Trealla. Trealla limestone and 

Pilgramunna formation occur only on the range. On the coastal plain of most of the peninsula, Holocene 

sand deposits overlie the Tulki limestone. On the eastern side of the northern part of the range, instead 

of Holocene sands, there is an extensive Pleistocene sand sheet composed of silty red sand with 

stationary dunes over Tulki limestone (Figure 2). 

 

Cape Range itself contains more than 300 caves in Tulki limestone, most of which are solution pipes with 

limited associated galleries (Finlayson and Hamilton-Smith 2003). There are also a few sink holes on the 

coastal plain, reflecting the occasional occurrence of cavernous areas below the surface of the plain. 

2.2. Hydrogeology 
According to Allen (1993), the aquifer under the range in the northern part of the peninsula is fresh 

(salinity <1000 mg/L TDS). Salinity of the aquifer increases towards the coast and the salinity in the upper 

part of the aquifer in the proposed borefield, which lies in the eastern foothills of Cape Range, mostly 

varies from 2,900 to 14,000 mg/L (Pennington Scott 2020). Salinity within the aquifer increases with 

depth to a recorded maximum of 24,000 mg/L. The depth to groundwater in the proposed Project 

borefield varies from about 30-50 mbgl. The aquifer is approximately 50 m thick.  

 

The groundwater in the aquifer occurs principally in Tulki and Mandu limestones. It flows both eastwards 

and westwards from under the range. Flow is probably more rapid on the coastal plain than within the 

range because of higher permeability in the more transmissive Tulki limestone/coastal plain sediments 

than in the deeper Mandu limestone that comprises most of the aquifer under the range. Significant 

flow in Mandu limestone occurs only in joints and minor permeable interbeds. Recharge of the aquifer 

occurs mainly through direct infiltration after heavy rain.  

 

Borehole logs compiled by Pennington Scott (2020) show that the upper aquifer across most of the 

borefield lies within a mixture of calcareous sand, gravel and limestone, with a predominance of sand 

(Appendix 1). Photographed chip trays for bores LH08P and LH02M show the geology comprises sand 

cover and then indurated Tulki limestone to a depth of 20 m or more, after which the Tulki limestone 

(which contains the borefield aquifer) is dominated by weakly cemented sand (Figure 3).  
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Figure 2: Regolith geology of Exmouth Peninsula.  
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Figure 3. Chip trays showing lithology in borefield (from Pennington Scott 2020). 

 

3. SUBTERRANEAN FAUNA 

3.1. Cape Range Subterranean Fauna 
Western Australia contains globally significant radiations of the two types of subterranean fauna: 

stygofauna and troglofauna (Guzik et al. 2010; Halse 2018). Subterranean fauna species in Western 

Australia mostly occur in small underground voids, fissures or interstitial spaces across the 

broadlandscape. In contrast, much of the troglofauna on Exmouth Peninsula has been collected from 

caves and the more significant stygofauna records have been collected from sinkholes that represent 

collapsed caves under the coastal plain. 

 

While a subterranean fish - the blind gudgeon Milyeringa veritas - was described early by Whitley (1945), 

scientific focus on the subterranean fauna of the Exmouth Peninsula did not begin until the late 1980s 

(Humphreys 1993). Subsequent survey and research have continued to increase the species list for the 

area and to improve understanding of the distributions of species and their degree of dependence on 

subterranean habitats (Bennelongia 2008; KBR 2005; Larson et al. 2013; Moore et al. 2018; Page et al. 

2008; Tang et al. 2008) 

 

Survey work has led to recognition under the Western Australian Biodiversity Conservation Act 2016 (BC 

Act) of two Threatened Ecological Communities on the peninsula: the stygofauna-based Cape Range 

Remipede Community at Bundera Sinkhole on the west coast and the troglofauna based Cameron’s 

Cave Troglobitic Community within Exmouth townsite. In addition, the Cape Range Subterranean 

Waterways, being groundwater in areas of potential karst scattered across the peninsula, are listed in 

the Directory of Important Wetlands in Australia (WA006) and on the Register of the National Estate. 

 

The Exmouth Peninsula also contains the Ningaloo Coast World Heritage Area which lists the rich 

diversity of subterranean fauna found on the Exmouth Peninsula as one of the area’s important features 

(DBCA 2019). 
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4. DESKTOP ASSESSMENT 
Bennelongia (2020) conducted a desktop assessment of the possible presence of stygofauna within the 

Project area. This report found that the Exmouth Peninsula supports at least two native stygofaunal fish 

species and 69 species of invertebrate stygofauna. The two fish species are the blind gudgeon and the 

blind cave eel Ophisternon candidum, which are listed as Vulnerable species under the BC Act and the 

Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). The gudgeon 

is restricted to Exmouth Peninsula (Larson et al. 2013) but the eel also extends into the Pilbara (Moore 

et al. 2018). 

 

Eight threatened and one priority species (an informal state listing) of invertebrate stygofauna occur on 

the peninsula. Seven of the species occur at Bundera Sinkhole on the west coast and are listed as 

Critically Endangered or, in one case, Endangered under the BC Act. Only one of them, the remipede 

Kumonga exleyi, is listed (as Vulnerable) under the EPBC Act. The two species outside Bundera Sinkhole 

are the shrimps Stygiocaris lancifera and S. stylifera, which occur on the western and eastern coastal 

plains, respectively. Stygiocaris lancifera is listed as Vulnerable under the BC Act and S. stylifera is listed 

as a Priority 4 species. 

 

The conclusion of the Bennelongia (2020) desktop assessment was that despite the known significance 

of the stygofauna community and species on Exmouth Peninsula, the impact of groundwater drawdown 

associated with the Project borefield is likely to be low because the physical habitat within the borefield 

aquifer does not look prospective for stygofauna, the depth to groundwater is large, and there is a lack 

of stygofauna records in the immediate vicinity (i.e. in the same habitat as the borefield). However, in 

recognition of the significance of Exmouth Peninsula for stygofauna (and troglofauna) a two-round field 

survey of stygofauna was recommended. 

5. FIELD SURVEY 

5.1. Water Quality 
Electrical conductivity (as a measure of salinity), pH and temperature were measured in a water sample 

collected from the top 1 metre of groundwater using a bailer. Measurements were made using a TPS 

WP-81 meter. 

 

Depth to groundwater was measured using a Solinst water level meter. The audio readings close to the 

water table can be difficult to interpret, leading to possible inaccuracies in some readings. Data on depth 

to groundwater, salinity and pH are also provided by Pennington Scott (2021). 

 

Six of the sampled bores (LH01M, LH04P, LH07M, LH07P, LH09P and LH10P) had a smell of hydrogen 

sulphide one occasion when sampled, or both occasions in the case of LH07M. While the source of the 

hydrogen sulphide was not definitively determined, it is probably from either the nearby land fill site 

associated with the Light House Caravan Park or leakage from the historical sewerage ponds associated 

with the Park. Both facilities will be remediated as part of the development of the Ningaloo Lighthouse 

Resort. 

5.2. Stygofauna 

5.2.1. Sampling 

Two rounds of stygofauna sampling were conducted at the Project borefield and surrounds. Round one 

focussed on sampling bores within the proposed borefield from 12-13 January 2021. The second round 

from 15-18 March 2021 repeated the borefield survey and also sampled some bores outside the 

borefield to provide context for the results of the borefield sampling.  
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Figure 4: Sample Locations after two rounds of survey at the Project 
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Sampling was conducted according to the general principles laid out for subterranean fauna sampling 

by the Environmental Protection Authority (EPA) in Environmental Factor Guideline – subterranean fauna 

(EPA 2016a), Technical Guidance – subterranean fauna survey (EPA 2016c) and Technical Guidance – 

sampling methods for subterranean fauna (EPA 2016b). 

 

Stygofauna were collected by net-hauling. At each hole, a small, weighted plankton net was lowered to 

the bottom of the hole and then agitated vigorously to stir benthic and epibenthic fauna into the water 

column, where animals were then captured as the net was slowly retrieved. Six separate net hauls were 

made (three with 50 µm mesh net and three with 150 µm mesh net). The contents of the net were 

transferred to cold 100% ethanol for preservation after each haul (EPA 2016b). Contamination between 

sites was avoided by washing the nets between the sampling of different drill holes. 

5.2.2. Sampling Effort 
Forty stygofauna samples were collected in the two rounds of survey (Table 1, Figure 4). Thirty samples 

were taken from 17 bores within the borefield and 10 samples were collected from nine ‘regional’ bores 

outside the borefield in the northern part of the peninsula (Appendix 1). Monitoring bores were made 

of 50 mm PVC slotted from the water table to end of the bore, while production bores were made of 

150 mm PVC slotted from the water table to approximately 3 m below it. Slotting aperture was 1 mm, 

 

Table 1: Stygofauna survey effort at the Project. 

Survey Round 
Sample Location  

Borefield Regional 

1 15 1 

2 15 9 

 

5.2.3. Laboratory Processing 
All samples were returned to the laboratory in Perth for sorting. Stygofauna net samples were elutriated 

to separate animals from sediment and put through sieves to fractionate the contents according to size 

(53, 90 and 250 µm) to improve searching efficiency. All potential stygofauna animals were removed 

from these samples for species or morphospecies level identification. Surface animals were identified to 

Order level and classified as by-catch. 

Stygofauna identification was conducted using published, unpublished and informal taxonomic keys, as 

well as species descriptions in the scientific literature. Morphospecies were established using the 

characters of existing species keys, and the lowest level of identification possible was reached given the 

constraints of sex, maturity of the specimens (juveniles and females often cannot be identified to species 

level) and possible damage to body parts. Dissecting and compound microscopes were used during the 

sorting and identification processes, with specimens dissected as required. After the taxonomic 

assessment was completed, representative animals were lodged with the Western Australian Museum. 

5.2.4. Laboratory Processing 

The first round of fieldwork was conducted by Huon Clark and Sam Chidgzey and the second round was 

conducted by Bruno Buzatto and Vitor Marques. Sample sorting was conducted by Jane McRae, Melanie 

Fulcher, Melita Pennifold, Heather McLetchie and Jim Cocking. Species identifications were performed 

by Jane McRae. Report writing was done by Huon Clark and Stuart Halse, while maps were prepared by 

Huon Clark and Vitor Marques. 
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6. FIELD SURVEY RESULTS 

6.1. Water Quality 
Electrical conductivity of water in the top meter of groundwater in the proposed borefield varied from 

1450 - 31,900 µScm-1 (Appendix 1). This equates approximately to salinities of 900 – 19,000 mgL-1 total 

dissolved solids. 

 

Values of pH were consistently neutral and varied from only 6.8-7.6, reflecting strong buffering of 

groundwater. Temperature varied from 26.9-31.7 ᴼC, which is more variation that would be expected in 

groundwater and most likely reflects time the sample was on the surface before temperature was 

measured. 

6.2. Stygofauna 
A total of 477 specimens of at least 13 species of stygofauna were collected over two rounds over survey 

in borefield and surrounding area (Table 2, see also Appendix 2). Forty-one specimens of stygofauna 

were collected from the 30 samples taken from the borefield. Of these, 34 specimens were identified as 

four species, while the other seven specimens could not be identified to species level. 

 

One of the four borefield species, the copepod crustacean Parastenocaris `BHA286`, is known only from 

the borefield. The other three borefield species, a nematode worm, oligochaete worm Enchytraeidae `3 

bundle` s.l. (short sclero) and copepod Diacyclops humphreysi, were collected from ‘regional’ bores as 

well as from the borefield. It is possible, but unlikely, that some of the seven specimens that could not 

be identified to species level represent additional species. This report assumes there are only four 

borefield species. 

 

The 10 samples collected outside the borefield yielded 11 species consisting of one worm species, three 

amphipods, one shrimp, one thermosbaenacid, two copepods and one rotifer, as well the worm 

Enchytraeidae `3 bundle` s.l. (short sclero) and copepod Diacyclops humphreysi that were also found in 

the borefield (Table 2). Even though sampling effort was low, the results of ‘regional’ sampling reflects 

the richness and composition of the stygofauna community previously documented on the eastern side 

of the Exmouth Peninsula (Bennelongia 2008; KBR 2005). 

6.3. Species Collected from Borefield 
More information about the four species collected from the borefield is provided below. The collection 

location of the single species known only from the borefield is shown in Figure 5. 

 

Enchytraeidae `3 bundle` s.l. (short sclero) 

One specimen of Enchytraeidae `3 bundle` s.l. (short sclero) was collected from a monitoring bore 

(LH02M) at the southern extent of the borefield. A fragment of another Enchytraeid specimen (not 

identified to species) was also collected from a monitoring bore (LH04M) to the north of the borefield. 

Enchytraeidae `3 bundle` s.l. (short sclero) is a member of a species complex that has been collected 

widely across the Pilbara. It has been suggested most enchytraeid species are widespread (Brown et al. 

2015) and it is very unlikely that Enchytraeidae `3 bundle` s.l. (short sclero) contains a localised species 

restricted to the borefield. The species is treated here as having at least an Exmouth Peninsula 

distribution.  

 

Parastenocaris `BHA286` 

Six specimens of Parastenocaris `BHA286` were collected from a single bore (LH07M, Figure 5) within 

the proposed borefield during the first round of survey. Harpacticoid species in the Pilbara have variable 

ranges (Karanovic 2006), with most occupying one of two sub-regions (see Halse et al. 2014) and 

consequently having ranges that are orders of magnitude larger than the proposed borefield. While  
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Table 2: Stygofauna species collected over two rounds of sampling at the Project. 

Higher Order Identification Lowest Identification Borefield Regional 

Annelida 
   

Clitellata 
  

Oligochaeta 
  

Enchytraeida 
  

Enchytraeidae Enchytraeidae `3 bundle` s.l. 

(short sclero) 

1 
 

 
Enchytraeidae sp. 1 

 

Haplotaxida 
  

Tubificina 
  

Tubificidae Tubificidae `BOL065`  4 
 

Oligochaeta sp. 2 6 

Arthropoda 
  

Crustacea 
  

Malacostraca 
  

Eumalacostraca 
  

Amphipoda 
  

Bogidiellidae Bogidiella `BAM203`  1 

Eriopisidae Nedsia `sculptilis Cape Range`  9 
 
Nedsia sp.  1 

Paramelitidae Paramelitidae sp.  1 

Decapoda 
  

Atyidae Stygiocaris stylifera  7 

Thermosbaenacea  
 

Thermosbaenacidae Halosbaena sp. CRE  60 

Maxillopoda 
  

Copepoda 
  

Calanoida 
  

Ridgewayiidae Stygoridgewayia trispinosa  69 

Cyclopoida 
  

Cyclopidae Diacyclops h. humphreysi 1 30 
 
Metacyclops mortoni  24 

Harpacticoida 
  

Parastenocarididae Parastenocaris `BHA286` 6 
 

 
Parastenocaris sp. 4 

 

Nematoda Nematoda sp. 26 124 

Rotifera 
  

Eurotatoria 
  

Bdelloidea Bdelloidea sp. 2:2 
 

100 

Grand Total 41 436 
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Figure 5: Location of Animals currently only known from the Project area. 
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Parastenocaris `BHA286` is expected to have a range extending well beyond the borefield, it is currently 

treated as potentially restricted to the area of groundwater drawdown associated with the borefield. 

 

A further four specimens of Parastenocaris sp. were collected from LH07M in the second round of survey. 

They were female (males are required for species level identification) but most likely are Parastenocaris 

`BHA286`. 

 

Diacyclops humphreysi humphreysi 

One specimen of Diacyclops h. humphreysi was collected from bore LH11P inside the borefield and 30 

specimens were collected from regional bores 19 and MB3 outside. This species occurs widely on the 

Exmouth Peninsula (Pesce and De Laurentiis 1996) and the species will not be impacted by borefield 

operations. 

 

Diacyclops humphreysi is also widespread in the Pilbara, with an additional southern population on the 

Naruraliste Ridge, south of Busselton. Recent genetic work has shown that Diacyclops humphreysi in the 

Pilbara is a separate species from Diacyclops h. humphreysi on the peninsula.  

 

Nematoda sp. 

Little can be said about the distribution of Nematoda sp. other than it was collected from bore LH07M 

in the borefield and three regional bores (19, Shire, Windmill). There is essentially no framework for 

ready identification of free-living nematodes to species level and, consequently, the EPA framework for 

stygofauna assessment excludes them (EPA 2016b). 

 

Higher Level Identifications 

It is possible, although considered unlikely, that there are additional borefield species among the seven 

specimens identified only to higher levels. These specimens are: 

• A single enchytraeid from bore LH04M. It is treated in this report as most likely to be 

Enchytraeidae `3 bundle` s.l. (short sclero). 

• Two oligochaete specimens from bores LH07M and LH10P. It is considered most likely they are 

Enchytraeidae `3 bundle` s.l. (short sclero), Tubificidae ‘BOL065’ (collected from regional bores) 

or the same species as other unidentified oligochaetes collected from regional bore 19. 

• Four Parastenocaris sp. specimens from bore LH07M, which are probably Parastenocaris 

‘BHA286’ as discussed above. 

7. DISCUSSION 

7.1. Absence of the Blind Cave Eel and Blind Gudgeon 
The nearest known occurrence of the listed blind cave eel is about 1.3 km north of the proposed 

borefield near the coast. It is close to the planned Project accommodation and landscaping. While 

uncertain, the collecting location is probably what is referred to in this report as Shire bore. This bore 

was sampled twice during the survey and contained fresh groundwater but there was extensive organic 

matter load from the bore being in poor condition. No eel was collected although it can be inferred the 

species occurs in the area (Bennelongia 2020). 

 

The listed blind gudgeon has been collected about 3.5 km west of the southern end of the proposed 

borefield. As with the eel, it can be inferred the gudgeon occurs along the coast in the vicinity of the 

Project. Existing records suggest that occurrence of either the eel or gudgeon immediately east of Cape 

Range in the proposed borefield is unlikely; the distribution of both species is coastal. 

7.2. Extent of Drawdown 
Pennington Scott (2021) calculated the area of measurable drawdown around the proposed borefield 

as <6 km2. Within this area the maximum drawdown around each bore will be 0.6-0.8 m. However, in 
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conjunction with this small amount of drawdown, there is likely to be an increase in salinity of 

groundwater near the watertable as the fresher surface water is removed by pumping. Salinity is 

expected to return to pre-pumping conditions after significant recharge events (manly cyclones or heavy 

monsoonal rain) (Pennington Scott 2021). 

 

This increase in salinity in the upper part of the aquifer has the potential to remove habitat for stygofauna 

with a preference for freshwater, even the though the proposed extent of drawdown is small and the 

physical structure of the aquifer habitat is otherwise homogeneous. Definitive statements about the 

salinity preferences of the one stygofauna species collected only from the borefield, Parastenocaris 

‘BHA286’, cannot be made. However, assuming the Parastenocris individuals collected from LH07M in 

March also belong to Parastenocaris ‘BHA286, which was collected from LH07M in January, the species 

has a salinity tolerance of at least 22,300 µS cm-1 (approximately 13,500 mgL-1 TDS). Borefield operations 

are unlikely to raise salinity much above this level (Pennington Scott 2021). 

7.3. Wastewater and nutrient enrichment 
The existing wastewater treatment plant (WWTP), which served the former holiday park, is located on 

freehold land almost 300 m east of the nearest production bore. As part of the Project, this WWTP will 

be remediated and a new WWTP will be constructed (ARUP 2019). The new system will treat wastewater 

to a standard whereby it can be re-used for toilet flushing and open space irrigation. Approximately 6 ha 

of vegetation will be irrigated with 40,000 KL/year (Appendix 4).  

 

It is anticipated that the concentration of phosphorus in the wastewater will be <1 mg L-1 and nitrogen 

as nitrate will be <6 mg L-1 (Appendix 4). Phosphorous will bind to the calcareous soils of the Project 

and is unlikely to reach the water table. In contrast, nitrogen will pass through to the water table except 

to the extent it is taken up by plant roots. Context for the operation of the Project WWTP and associated 

irrigation is provided by the old Exmouth WWTP. Concentrations of nitrogen in groundwater around 

this WWTP are 35 mg L-1, whereas background levels in the area are 1 mg L-1 (Bennelongia 2018) or 0.2 

mgL-1 (Humphreys and Adams 1991). Concentrations of nitrogen are 0.07 mg L-1 compared with 

background levels in the area of 0.01 mg L-1.  

 

A survey of stygofauna occurrence in relation to nutrient levels near the Exmouth WWTP suggested that 

nitrogen concentrations had little effect, if any, on stygofauna at concentrations of 15 mg L-1. However, 

particular species, such as the shrimp Stygiocaris stylifera and the copepod Stygoridgewayia trispinosa, 

were found only where nitrogen concentrations were low (Bennelongia unpublished data). Calculations 

to determine likely concentrations under irrigated areas are complex and depend largely on how 

vegetation and irrigation are managed; concentrations are expected to be substantially lower than 

around the old Exmouth WWTP (Appendix 4). More generally, however, changes in stygofaunal 

community structure as a result of sewerage effluent were demonstrated by Sinton (1984), who showed 

changes in both species composition and abundance in New Zealand. Nitrate concentrations (usually 8-

10 mg/L) did not appear to be the factor controlling these changes, which matches observations in the 

USA where elevated levels of organic matter changed stygofaunal community structure while nitrogen 

concentrations remained low (Graening and Brown 2003). 

 

While the above results from Exmouth and elsewhere show there is possible potential for operation of 

the Project WWTP and irrigation to affect stygofauna, nutrient concentrations can addressed through 

management plans. The calculations to determine likely concentrations of nitrogen under irrigated areas 

are complex and depend largely on how vegetation and irrigation are managed (Appendix 4). Whether 

nitrogen will impact any stygofauna at the concentrations at which it will occur under irrigated Project 

areas is unclear but impact is probably unlikely for most species. 
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7.4. Regional Context of Stygofauna 
The stygofauna and troglofauna communities of the Exmouth Peninsula have been described in 

Bennelongia (2020). In summary, the peninsula supports rich communities of both types of subterranean 

fauna. In contrast to the rich stygofauna community found more generally on the peninsula, the 

proposed borefield appears to contain a depauperate stygofauna despite quite intensive sampling. It 

contains probably four species of stygofauna compared with 77 now known from the peninsula, 

although there was greater taxonomic effort applied to the borefield survey than across most surveyed 

parts of the peninsula. The other 11 species collected during the survey were in areas outside the 

borefield. 

 

Thirty species were collected in a similar-sized survey at Exmouth with similar taxonomic effort to that 

of the borefield survey. The crustaceans species that characterise the stygofauna of the peninsula and 

support most taxonomic interest are largely absent from the borefield. 

8. CONCLUSION 
After two rounds of stygofauna survey and the collection of 30 samples, only four species of stygofauna 

were recorded in the proposed borefield (Table 2). This represents a depauperate stygofauna 

community. There is a significant contrast between the rich stygofauna community found in much of the 

Exmouth Peninsula (Bennelongia 2020; KBR 2005), which was reflected even in the 10 regional samples 

collected during this field survey, and the depauperate community of the proposed borefield.  

 

The low number of stygofauna species in the borefield is probably the result of the watertable in the 

borefield being deep (30-50 mbgl) and the borefield aquifer being in Tulki limestone that consists mostly 

of weakly cemented sand, rather than containing caverns (Bennelongia 2020). 

 

Only one stygofauna species, the copepod Parastenocaris `BHA286`, has currently not been collected 

outside of the borefield. The borefield has an area of measurable drawdown of approximately 6 km2. 

Although smaller ranges have been inferred for stygofauna species occurring in confined landscapes 

(Pipan and Culver 2007), stygofaunal copepods of open landscapes do not have ranges as small as 6 km2 

(Galassi et al. 2009; Halse et al. 2014). There is an extensive area of similar habitat to the north, south 

and east of the borefield. Accordingly, the threat from proposed borefield operations to Parastenocaris 

`BHA286` and, more generally, to stygofauna conservation values in the Project area is considered to be 

low. 
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Appendix 1. Summary of log information from bores within proposed borefield (Pennington Scott 2021). 
Bore Main Lithology Bore Log Summary 

LH01M Sand Little gravel at c. 10 m, medium coarse sand below water table with limestone chips, fine gravel below 50 m 

LH02M Sand Gravel at c. 10 m, some gravel to 25 m, sand below water table with limestone chips at depth 

LHOM3 Sand Gravel at 10 and 25 m, sand below water table with limestone chips 

LHOM4 Sand Gravel 7-8 m, clay 8-18 m, then sand with some gravel, sand below water table with limestone chips 

LHOMP Sand Gravel 4-8 m, sand with traces of gravel and clay to water table, fine sand below water table  

LH05M Sand Little gravel 10-40 m, sand below water table with minor limestone chips 

LH06M Sand Gravel to 10 m, sand and gravel to 15 m, then sand, sand below water table with limestone chips 

LH06P Sand Gravel to 10 m, sand with trace of gravel to water table, medium or fine sand below water table,  

LH07M Sand Gravel at c. 10 m and 25 m and 40 m, sand below water table with limestone chips 

LH07P Sand Gravel at 12-17 m, sand with fine gravel to 20 m, sand to water table, gravelly sand below water table 

LH08M Sand Gravel at 5-20 m, clay to 25 m, sand to water table, sand below water table 

LH08P Sand Gravel at 3-22 m, sand with trace of gravel to 25 m, sand to water table, sand below water table 

LH09P Sand Gravel at 1-9 m, sand with fine gravel to 18 m, sand to water table, coarse sand below water table 

LH10P Sand Gravel to 19 m, sand to water table, sand below water table 

LH11P Sand Gravel at 5-12 m, sand to water table, sand below water table 
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Appendix 2. Bores sampled, dates and water quality. 
LCP, Lighthouse Caravan Park; SWL, depth to water table (m); EOH depth to end of bore (m); Temp, temperature ᴼC; EC, electrical conductivity µS cm-1, * Likely error. 

Bore Lat. Long. Site Type Purpose SWL EOH Slotting Date Temp EC pH 

Bore E LCP -21.81 114.11 Impact Monitoring 36.4 38.3  16-Mar-21 28.3 1907 7.13 

Bore F LCP     37.7 40  16-Mar-21 26.9 2360 7.55 

LH01M -21.83 114.11 Impact Monitoring 29.7 54 41.5-53.5 12-Jan-21 30.4 31900 7 

LH01M     30.2 54  15-Mar-21 30.3 31700 6.99 

LH02M -21.83 114.10 Impact Monitoring *23.6 72 41-53 12-Jan-21 31.1 17400 6.8 

LH02M     32 66  15-Mar-21 30.9 17100 6.97 

LH03M -21.83 114.10 Impact Monitoring 52 66 50.5-65.6 12-Jan-21 30.3 16300 7.07 

LH03M     50.6 66  15-Mar-21 30.4 14500 7.08 

LH04M -21.82 114.10 Impact Monitoring 47 56 41-53 13-Jan-21 29.2 5840 7.18 

LH04M     43.3 50  15-Mar-21 29.5 6950 6.89 

LH04P -21.82 114.10 Impact Production 43 47.8 43.5-46.5 13-Jan-21 27 9110 7.23 

LH04P     43.5 47.8  15-Mar-21 28.3 11490 6.98 

LH05M -21.83 114.10 Impact Monitoring 50 60 47-59 12-Jan-21 29.5 18700 7.11 

LH05M     47.3 60  15-Mar-21 29.8 17800 7.04 

LH06M -21.82 114.11 Impact Monitoring 36 54 41-53 13-Jan-21 31.9 10700 7.58 

LH06M     39.3 54  16-Mar-21 26.9 8700 7.44 

LH06P -21.82 114.11 Impact Production 36 44 37.7-43.7 13-Jan-21 30.6 960 7.56 

LH06P     36.6 44  16-Mar-21 27 1022 7.34 

LH07M -21.83 114.10 Impact Monitoring 47 65 41-59 12-Jan-21 28 11700 7.5 

LH07M     46.8 56  15-Mar-21 29.4 22300 7.11 

LH07P -21.83 114.10 Impact Production 46.6 50.7 46.3-50.3 12-Jan-21 28.9 21800 6.97 

LH07P     46.5 50.7  15-Mar-21 30.2 21200 6.86 

LH08M -21.82 114.11 Impact Monitoring 35.9 48 36-48 13-Jan-21 30.2 1809 7.31 

LH08P -21.81 114.11 Impact Production 35.8 39.9 35.6-38.6 13-Jan-21 30.5 10200 7.21 

LH08P     35.8 39.9  16-Mar-21 28.9 1186 7.31 

LH09P -21.82 114.11 Impact Production 37.8 41.8 37.5-40.5 13-Jan-21 29.7 7980 7.53 

LH10P -21.82 114.11 Impact Production 36.5 39.5 36.2-38.2 13-Jan-21 31.7 6730 7.6 

LH10P     36.6 39  16-Mar-21 28.9 1403 7.22 

LH11P -21.82 114.10 Impact Production 42 44.6 41.3-43.3 13-Jan-21 29.8 3610 7.04 
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Bore Lat. Long. Site Type Purpose SWL EOH Slotting Date Temp EC pH 

LH11P     41.68 44.6 41.7 16-Mar-21 27.2 3660 6.97 

Bore 19 -21.90 114.10 Reference N/A 20.51 24.5 20.5 18-Mar-21 28.9 1508 7.97 

MB1 -21.90 114.1 Reference N/A 19.35 32 19.4 18-Mar-21 29.1 722.6 7.29 

MB2 -21.90 114.10 Reference N/A 20.48 25 20.5 18-Mar-21 29.6 2650 7.25 

MB3 -21.91 114.1 Reference N/A 23.98 27 24.0 18-Mar-21 28.4 3060 7.08 

MB4 -21.90 114.10 Reference N/A 20.06 30 20.1 18-Mar-21 30.2 2960 7.45 

MB5     18.57 27 18.6 18-Mar-21 30.8 1448 7.86 

Shire Bore -21.81 114.11 Reference N/A 11.15   11.2 13-Jan-21 31.5 2040 7.38 

Shire Bore     11.1 13 11.1 18-Mar-21 29.8 1845 7.34 

WCUNK02 -21.90 114.10 Reference N/A 17.58 19 17.6 18-Mar-21 30 1185 7.26 

Windmill -21.89 114.01 Reference N/A 1.49 2 1.49 18-Mar-21 28.8 6260 7.25 
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Appendix 3. Stygofauna species collected during sampling. 
Bore Code Date Phylum Family Species Number. 

Shire Bore 18-Mar-21 Rotifera   Bdelloidea sp. 2:2 100 

Bore 19 18-Mar-21 Nematoda   Nematoda sp. 3 

Bore E LCP 16-Mar-21 Nematoda   Nematoda sp. 1 

LH07M 12-Jan-21 Nematoda   Nematoda sp. 15 

LH07M 15-Mar-21 Nematoda   Nematoda sp. 10 

Shire Bore 13-Jan-21 Nematoda   Nematoda sp. 20 

Shire Bore 18-Mar-21 Nematoda   Nematoda sp. 100 

Windmill 18-Mar-21 Nematoda   Nematoda sp. 1 

Bore 19 18-Mar-21 Annelida   Oligochaeta sp. 6 

LH07M 15-Mar-21 Annelida   Oligochaeta sp. 1 

LH10P 16-Mar-21 Annelida   Oligochaeta sp. 1 

LH02M 12-Jan-21 Annelida Enchytraeidae Enchytraeidae `3 bundle` s.l. (short sclero) 1 

LH04M 13-Jan-21 Annelida Enchytraeidae Enchytraeidae sp. 1 

MB3 18-Mar-21 Annelida Tubificidae Tubificidae `BOL065` 3 

MB4 18-Mar-21 Annelida Tubificidae Tubificidae `BOL065` 1 

MB2 18-Mar-21 Arthropoda Bogidiellidae Bogidiella `BAM203` 1 

Bore 19 18-Mar-21 Arthropoda Eriopisidae Nedsia `sculptilis Cape Range` 8 

WCUNK02 18-Mar-21 Arthropoda Eriopisidae Nedsia `sculptilis Cape Range` 1 

MB3 18-Mar-21 Arthropoda Eriopisidae Nedsia sp. 1 

MB2 18-Mar-21 Arthropoda Paramelitidae Paramelitidae sp. 1 

Bore 19 18-Mar-21 Arthropoda Ridgewayiidae Stygoridgewayia trispinosa 31 

MB2 18-Mar-21 Arthropoda Ridgewayiidae Stygoridgewayia trispinosa 1 

MB3 18-Mar-21 Arthropoda Ridgewayiidae Stygoridgewayia trispinosa 30 

MB4 18-Mar-21 Arthropoda Ridgewayiidae Stygoridgewayia trispinosa 4 

MB5 18-Mar-21 Arthropoda Ridgewayiidae Stygoridgewayia trispinosa 3 

LH11P 13-Jan-21 Arthropoda Cyclopidae Diacyclops h. humphreysi 1 

Bore 19 18-Mar-21 Arthropoda Cyclopidae Diacyclops h. humphreysi 5 

MB3 18-Mar-21 Arthropoda Cyclopidae Diacyclops h. humphreysi 20 

MB2 18-Mar-21 Arthropoda Cyclopidae Diacyclops h. humphreysi 1 

MB4 18-Mar-21 Arthropoda Cyclopidae Diacyclops h. humphreysi 4 

Windmill 18-Mar-21 Arthropoda Cyclopidae Metacyclops mortoni 24 

Bore 19 18-Mar-21 Arthropoda Atyidae Stygiocaris stylifera 5 

MB4 18-Mar-21 Arthropoda Atyidae Stygiocaris stylifera 2 

LH07M 12-Jan-21 Arthropoda Parastenocarididae Parastenocaris `BHA286` 6 

LH07M 15-Mar-21 Arthropoda Parastenocarididae Parastenocaris sp. 4 

Bore 19 18-Mar-21 Arthropoda Thermosbaenacidae Halosbaena sp. CRE 30 

MB3 18-Mar-21 Arthropoda Thermosbaenacidae Halosbaena sp. CRE 22 

MB5 18-Mar-21 Arthropoda Thermosbaenacidae Halosbaena sp. CRE 7 

Windmill 18-Mar-21 Arthropoda Thermosbaenacidae Halosbaena sp. CRE 1 
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Appendix 4. Technical Memorandum from Pennington Scott. 
 
 

 
 

TECHNICAL memorandum 
Lighthouse Resort Nutrients in Groundwater  
  

 

 

Title: Irrigation of Treated Waste Water at the Ningaloo Lighthouse Resort Project 

For: Z1Z Resorts Pty Ltd  

Date: 13 May 2021 

Ref: 2298 Lighthouse Resort Nutrients in Groundwater Tech Memo Rev 0 

  

 

Z1Z Resorts Pty Ltd (the Proponent) is seeking to develop the Lighthouse Holiday Resort at Exmouth 

Western Australia to accommodate up to 726 guests and staff.  On March 31st 2021 the Proponent 

submitted a Development Application (DA) to the Environmental Protection Authority (EPA) for 

assessment under Section 38A(1) of the Environmental Protection Act 1986.    On 23 April 2021, the EPA 

responded with a request for further information on several aspects of the DA including stygofauna, 

marine fauna and social surroundings.    

One of the EPA’s requests for clarification with respect to stygofauna, was that “the referral information 

states that an increase in nutrient levels in groundwater is not known to affect subterranean 

fauna. Please provide further information to support this statement.”   The request relates to 

comments made in Appendix D of the DA (Bennelongia (2020 pp 355 to 360) which says that the 

Project’s proposed wastewater irrigation and leakage from the wastewater treatment plant (WWTP) 

could potentially increase groundwater nutrients, which might in turn affect subterranean fauna 

occurrence.    However, while there may be some information deficiencies, Bennelongia are confident 

the risk is low because of the following known mitigating factors: 

• the groundwater in the Tulki Limestone aquifer beneath the Resort is known to be naturally 

elevated in nitrate; 

• previous studies by Bennelongia in Exmouth have shown that the elevated background levels 

of nitrates don’t apparently adversely affect subterranean fauna occurrence (Bennelongia 2018); 

• in the event that nitrate levels in the irrigation water from the Lighthouse WWTP are elevated 

above the natural groundwater, it is unlikely to be by much; and 

• whatever the nutrient levels are with the irrigation water, these levels would be reduced by plant 

uptake before any water leaches to groundwater.  

The following sections provide supporting evidence for these assertions. 

Naturally occurring nutrient levels 

Nitrogen is an abundant naturally occurring nutrient, comprising 69% of the atmosphere.   In the 

nitrogen cycle, nitrogen fixing plants (legumes, such as acacias) capture atmospheric nitrogen and store 

it within the soil zone, where other plant species may access it.   Some of the nitrogen leaches to 

groundwater through plant decay processes, particularly where termites are active.   

Bennelongia (2018, 2020) said that the natural groundwater in the Tulki Limestone on the Cape Range 

is up to 15 mg/L (NO3/N).   This is consistent bore water quality measurements by Pennington Scott 
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(2020) around the Lighthouse Resort, which showed nitrate levels ranging from 0.5 to 11.3 mg/L (NO3/N).   

It is also consistent studies from other arid zone regions of Australia, where naturally occurring 

groundwater nitrate levels up to 17 mg/L (NO3/N) are common (Jacobson et al. 1991, and Barnes et al. 

1992).    

Phosphorus (P) is an essential component in all living organisms.   The main sources of P in the natural 

environment are through the decomposition of apatite minerals found in volcanogenic (greenstone) 

rocks.   Guano from seabirds is another significant source of phosphorus in coastal environments, such 

as the Cape Range.    

Nutrient levels in the WWTP irrigation stream 

The proposed Lighthouse Resort WWTP will be a best practice tertiary plant, similar those to established 

at other resorts located along the west coast at Ningaloo, Monkey Mia and Rottnest Island.   Table 1 

summarises the key quality parameters in the treated effluent stream from these WWTPs.     

Reference to this table shows that the salinity could be expected to be potable, neutral acidity/alkalinity, 

and have nitrate levels less than 6 mg/L (NO3/N), while total phosphorus would be below 1 mg/L.   

Table 1 Typical treated water outputs from WWTP vs local groundwater at Lighthouse 

 

Soil and plant uptake of nutrients 

The Lighthouse WWTP is expected produce up to 40,000 kL/year of treated water, which would be used 

to irrigate 6 ha of indigenous parks and gardens around the resort.  A full species list is provided in the 

Landscape Architecture Statement of the DA (McGregor Coxall, 2020). 

The growth of the three main species (Eucalyptus victrix, Eucalyptus xerothermica, Brachychiton 

obtusilobus, and Banksia ashbyi.) in the natural environment is limited by the low availability of soil 

nutrients but thrive with the addition of nutrients.  Eucalyptus victrix, especially, grows best when in a 

community with nitrogen fixing plants such as acacias (Cromer et al. 1984, Florentine and Fox, 1997).   

However, plant uptake is not the only source of nutrient loss:  

• nitrates are also lost through denitrification, volatilisation, and immobilisation processes in the 

soil zone (Di and Cameron (2000); and  

• phosphates tend to be relatively immobile in limestone soil environments, being adsorbed onto 

soil particles and reacting with calcium in the limestone to form immobile calcium phosphate 

minerals, dicalcium phosphate and octacalcium phosphate (Von Wandruszka, 2006). 

 

 

Summary 

Parameter  Rottnest  Monkey Mia Local Groundwater 

Quality  

Estimated treated 

Water quality for DA 

pH 6.5 – 7.5  7 – 8 7.4 6.5 – 8.0 

TDS (mg/L) 600 –1000 500 – 1000 7000 – 10000 1000 

NO3-N (mg/L) - 2 – 6 < 15 <6 

Total P (mg/L) 0.1 – 0.8 0.5 – 2   <1 



Lighthouse Stygofauna Report 

Tattarang 

 

22 

Pennington Scott concurs with Bennelongia (2020) that there is low risk that nutrients from the Project 

would affect subterranean fauna because: 

• the groundwater in the Tulki Limestone aquifer beneath the Resort is known to be naturally 

elevated nutrients, with nitrogen levels up to 15 mg/L (total N); 

• previous studies by Bennelongia in Exmouth have shown that the elevated background levels 

of nitrates don’t apparently adversely affect stygofauna occurrence (Bennelongia 2018); 

• based on outputs from other WWTPs along the coast, nitrate levels in the irrigation water from 

the Lighthouse WWTP are likely to be less than 6 mg/L (NO3/N) and phosphorus less than 1 

mg/L (PO4/P); and 

• whatever the nutrient levels are with the irrigation water, these levels are going to be reduced 

by plant uptake and other soil processes before any water leaches to groundwater. 
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EXECUTIVE SUMMARY 

The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 

of Exmouth Peninsula in Western Australia. The facility, which was formerly called the Lighthouse Holiday 

Park, was acquired by Tattarang Pty Ltd in 2018. It is planned to redevelop the holiday park with a greater 

range of accommodation and facilities. This will require access to additional relatively fresh groundwater 

to feed a reverse osmosis plant to provide potable water for the resort. 

 

The Exmouth Peninsula has particularly rich populations of these aquatic animals (termed stygofauna) 

and also populations of earth-breathing species in caves and elsewhere underground (called 

troglofauna) and hence the objectives of this report are: 

• To document the types of subterranean species likely to be present in the Project area, 

focussing particularly on the borefield; 

• To assess the likely impact of groundwater abstraction from a new borefield on subterranean 

fauna; and 

• To assess the likelihood of additional impact on subterranean fauna from proposed changes to 

wastewater disposal, including the operation of the wastewater treatment plant and possible 

irrigation of some areas with surplus treated water. 

 

Two listed species of fish and nine listed species of invertebrate stygofauna occur on the peninsula. All 

but four of the species are confined to Bundera Sinkhole, 70 km south of the Project area. 

 

Nine listed species of troglofauna occur, with all of them found to the south of the Project. 

 

While Exmouth Peninsula is rich in stygofauna there is uncertainty about the suitability of the habitat in 

the borefield, and Project area, for this group of animals. Salinity is unlikely to be a constraint on 

stygofauna occurrence but lithology may constrain occurrence both through providing minimal habitat 

for stygofauna in terms of interstitial spaces and voids and also through allowing limited recharge of 

energy and nutrients, especially since the watertable is moderately deep. This uncertainty about habitat 

suitability means sampling is required to determine whether or not stygofauna occur in the proposed 

borefield and which, if any, species are present. 

 

Suitable humidity and the occurrence of subterranean voids and fissures present are the main factors 

determining occurrence of troglofaunal. Results of drilling suggest significant subterranean spaces are 

likely to be presentabove the watertable in the Tulki limestone of the borefield. Accordingly, it would be 

expected that troglofauna occur in the borefield, although there has been no sampling to date to 

confirm occurrence. 

 

The most obvious threat to subterranean for from Project development is groundwater drawdown 

associated with borefield operation. However, the overall reduction in volume of habitat for stygofauna 

will be no more than 0.5%. It is not known which, if any, stygofauna species occur in the borefield but it 

is highly unlikely that any species would have a range restricted to the vicinity of the borefield. 

Accordingly, the threat of borefield operations to stygofauna conservation values is low. 

 

There is currently insufficient information to assess the potential impact of open space irrigation with 

wastewater, as well as leakage from the wastewater treatment plant on stygofauna conservation values. 

However, it should be noted that no species is likely to be confined to the WWTP and area of irrigation 

effect, meaning any threat is likely to be small. 

 

The nature of borefield and wastewater operations mean that the likelihood of troglofauna conservation 

values being affected is low. Possible effects of wastewater treatment and irrigation are likely to be low 

but cannot be assessed with existing information..
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1. INTRODUCTION 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 

of Exmouth Peninsula in Western Australia (Figure 1). The facility, which was formerly called the 

Lighthouse Holiday Park, was acquired by Tattarang Pty Ltd in 2018. It is planned to redevelop the 

holiday park with a greater range of accommodation and facilities. 

 

Redevelopment of the holiday park and adjacent freehold land as Ningaloo Lighthouse Resort is referred 

to as the Project and will require access to additional relatively fresh groundwater to feed a reverse 

osmosis plant to provide potable water for the resort. Abstraction of groundwater, and the disposal of 

this water after use, has the potential to negatively affect species of invertebrates and fish that live in 

groundwater. The Exmouth Peninsula has particularly rich populations of these aquatic animals (termed 

stygofauna) and also populations of earth-breathing species in caves and elsewhere underground (called 

troglofauna). 

 

The objectives of this report are: 

• To document the types of subterranean species likely to be present in the Project area; 

• To assess the likely impact of groundwater abstraction from a new borefield on subterranean 

fauna; and 

• To assess the likelihood of additional impact on subterranean fauna from proposed changes to 

wastewater disposal. 

2. PROJECT DETAILS 

2.1. Location 
The Project is located on Yardie Creek Road approximately 22 km north of Cape Range National Park 

and 16 km north of Exmouth (Figure 1). The ocean west of the Project lies within the inshore State and 

more offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast World 

Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World Heritage 

area. 

 

A proposed borefield to supply the Project with additional water (see below) lies in the extensive area 

of Unallocated Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin 

approximately 700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. 

Additional monitoring bores will be placed up to 700 m south of the borefield itself. Production bores 

will be located at the base of the foothills of the eastern side of the range or in the swale between the 

foothills and the first red sand dune parallel to the range. 

 

The existing wastewater treatment plant (WWTP) for the holiday park is located on freehold land about 

400 m south of the Project and almost 300 m east of the nearest production bore (Figure 1). It lies within 

an interdunal swale. 

2.2. Water supply 
For the purposes of water allocation, the proposed borefield lies within DWER’s Exmouth North subarea. 

The aquifer in this subarea is hyposaline and is currently considered to be over-allocated, with 200,000 KL 

per annum available for use and already licenced abstraction of 258,000 KL (WRC 1999). 

 

The Project has an existing groundwater licence allocation of 32,000 KL per annum under licence 253728 

from the Department of Water and Environmental Regulation (DWER), which covers an area more or 

less coincident with the Project area. The anticipated future groundwater requirement for the Project is 

72,000 KL per annum (Pennington Scott 2020), and an additional 40,000 KL per annum of groundwater 

is required. 
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Figure 1. Exmouth Peninsula, showing the Project area (including borefield), Cape Range Subterranean 

Waterways and threatened ecological communities. 
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It is planned to obtain this groundwater from a borefield that begins about 2 km south of the Project 

on the east side of Cape Range. The borefield will comprise seven production bores (Pennington Scott 

2020). 

2.3. Wastewater 
The Project will update the wastewater system used in the holiday park (ARUP 2019). The new system 

will recycle water on-site, with the recycled water being used for irrigation. The water treatment methods 

proposed include, with water treatment methods that include: 

• Use of a membrane bioreactor (MBR); 

• Ultra-violet (UV) disinfection; and 

• Chlorine disinfection. 

 

The treatment of wastewater will be to a standard that allows treated wastewater to be re-used for toilet 

flushing and open space irrigation.  

3. GEOLOGY AND HYDROGEOLOGY 

3.1. Geology 
The Exmouth Peninsula essentially consists of limestone with overlying sands around the fringe. The 

peninsula is dominated by Cape Range, which runs almost its full length with a crest that is about 100 m 

ASL at the northern end and about 300 m ASL in the south. The range is flanked by a relatively narrow 

flat coastal plain to the west and a broader plain to the east (Allen 1993). 

 

The geological sequence of the eastern part of the range and associated coastal plain is mostly a 

moderately thin layer of Trealla limestone over Tulki limestone, with Manndu limestone below. There is 

also a small amount of Pilgramunna formation (a calcareous sandstone) that is younger than Trealla. 

Trealla limestone and Pilgramunna formation occur only on the range. On the coastal plain of most of 

the peninsula, Holocene sand deposits overlie the Tulki limestone. On the east side of the northern part 

of the range, instead of Holocene sands there is an extensive Pleistocene sand sheet composed of silty 

red sand with fixed dunes over Tulki limestone (Figure 2). 

 

Cape Range contains more than 300 caves in Tulki limestone, most of which are solution pipes with 

limited associated galleries (Finlayson and Hamilton-Smith 2003). Most of the caves are within the range 

but a few sink holes exist on the coastal plain, showing that quite cavernous areas can be found on the 

plain. 

3.2. Hydrogeology 
According to Allen (1993), the aquifer in the northern part of the peninsula is fresh (salinity <1000 mg/L 

TDS) and sits c. 100 m ASL in the central part of Cape Range (Figure 2). Salinity of the aquifer increases 

towards the coast and the salinity in the upper part of the aquifer in the proposed borefield, which lies 

in the eastern foothills of Cape Range, varies from 2,900 to 14,000 mg/L based on pumping (Pennington 

Scott 2020, Table 5-1). Salinity within the aquifer increases with depth to a recorded maximum of 

24,000 mg/L. 

 

The fresh to saline aquifer of the peninsula is underlain by seawater, with the thickness of the aquifer 

increasing with distance from the coast and, concurrently, the depth to seawater below it increasing. The 

depth to groundwater in the proposed borefield varies from 30.8 mbgl to 50.9 mbgl. The aquifer is 

approximately 50 m thick  
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Figure 2. Regolith geology of Exmouth Peninsula. Cape Range runs up the centre of the peninsula and 

is shown as exposed rock. 
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The groundwater in the aquifer occurs principally in Tulki and Mandu limestones. It flows both eastwards 

and westwards from under the range. Flow is probably more rapid on coastal plain than within the range 

because of higher permeability in the cavernous Tulki limestone/coastal plain sediments than in the 

deeper Mandu limestone that comprises most of the aquifer under the range that has significant flow 

only in joints and minor permeable interbeds. Recharge of the aquifer occurs mainly through direct 

infiltration after heavy rain.  

 

Borehole logs compiled by Pennington Scott (2020) show that the upper aquifer of most bores lies with 

a mixture of calcareous sand, gravel and limestone. Photographed chip trays for bores LH08P and LH02M 

show the geology to comprise a sand cover and then indurated Tulki limestone to a depth of 20 m or 

more, after which the Tulki limestone is dominated by weakly cemented sand (Figure 3).  

 

 
Figure 3. Chip trays showing lithology in borefield (from Pennington Scott 2020). 

4. LEGISLATION 
Native flora and fauna in Western Australia are protected at both State and Commonwealth levels. At 

the state level, the Biodiversity Conservation Act 2016 (BC Act) provides a legal framework for protection 

of species, particularly those listed by the Minister for the Environment as threatened. Less formal 

protection for additional species is provided by DBCA maintaining lists of priority fauna species that are 

of conservation importance but, for various reasons, do not meet the criteria for listing as threatened. 

At the national level, the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 

provides a legal framework to protect and manage nationally and internationally important species as 

well as threatened ones. Several subterranean fauna species from Exmouth Peninsula are listed as 

threatened under both acts (see below).  

 

Both the EPBC and BC Acts also provide frameworks for the protection of threatened ecological 

communities (TECs). Within Western Australia, DBCA also informally recognises communities of potential 

conservation concern, but for which there is little information, as priority ecological communities (PECs). 

AS with the list of threatened species, the list of TECs recognised under the BC Act is larger than the 

EPBC Act list and has much greater focus on subterranean communities. 
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5. CAPE RANGE SUBTERRANEAN FAUNA 
Western Australia contains globally significant radiations of the two groups of subterranean fauna: 

stygofauna and troglofauna (Guzik et al. 2010; Halse 2018). Subterranean fauna in Western Australia 

mostly occur in small underground voids, fissures or interstitial spaces across the broad landscape. In 

contrast much of the troglofauna on Exmouth Peninsula has been collected from caves and the more 

significant stygofauna records have been collected from sinkholes that represent collapsed caves. 

 

While the blind gudgeon Milyeringa veritas was described early by Whitley (1945), scientific focus on the 

subterranean fauna of the Exmouth Peninsula did not begin until the late 1980s (Humphreys 1993 ed). 

Subsequent survey and research has continued to increase the species list for the area and has improved 

understanding of the distributions of species and their degree of dependence on subterranean habitats 

(e.g. KRB 2005; Bennelongia 2008, Page et al. 2008, 2016; Tang et al. 2008; Larson et al. 2013; Moore et 

al. 2018). 

 

Survey work has led to recognition under the BC Act of two TECs on the peninsula: the stygofauna based 

Cape Range Remipede Community at Bundera Sinkhole on the west coast and the troglofauna based 

Cameron’s Cave Troglobitic Community within Exmouth townsite. In addition the Cape Range 

Subterranean Waterways, being areas of groundwater in potentially karst scattered across the peninsula 

are listed in the Directory of Important Wetlands in Australia (WA006) and on the Register of the National 

Estate. 

 

The Exmouth Peninsula also contains the Ningaloo Coast World Heritage Area. This comprises the State 

and Commonwealth Ningaloo Marine Parks, Cape Range National Park and the Learmonth Air Weapons 

Range. The World Heritage Area was listed under two criteria: 

• containing areas of incredible natural beauty; and 

• containing the most important and significant natural habitats for in situ conservation of 

biological diversity. 

Among the features representing these criteria is the rich diversity of subterranean fauna found only on 

the Exmouth Peninsula (DBCA 2019) 

5.1. Stygofauna 
The Exmouth Peninsula supports at least two native stygofaunal fish species (Figure 4) and 69 species of 

invertebrate stygofauna (Figure 5, Appendix 1). This estimate was compiled using records in Western 

Australian Museum databases and a more informal database of stygofauna records maintained by Dr 

W.F. Humphreys, as well as records of monitoring by the Water Corporation (see Bennelongia 2008), 

results of sampling by Bennelongia (2018, 2019) and recent scientific literature. The list of species has 

some uncertainty because differing levels of taxonomic knowledge have led to a variety of names being 

applied at times to what are probably single species, while it is possible that other species treated as 

single units are multiple units (as shown by some recent genetic studies (Page et al. XXX, 2013).is likely 

to be a significant underestimate of the actual number of species present. Sampling by Bennelongia in 

two locations substantially increased the number of species collected, partly because the earlier work by 

the Museum focussed on fish shrimps and the community in the anchialine ecosystem at Bundera 

Sinkhole south of Yardie Creek. 

 

Both species of stygofaunal fish known from Western Australia are found on the peninsula. Both the 

blind gudgeon Milyeringa veritas and the blind cave eel Ophisternon candidum are listed as Vulnerable 

species under the BC and EPBC Acts (Table 1). Locations of these species have been mapped using 

Museum records (including those of Bill Humphreys) for M. veritas and Museum records and sight 

observations reported by Moore et al. (2018) for O. candidum. Milyeringa veritas is restricted to Exmouth 

Peninsula (Larson et al. 2013) but O. candidum also extends into the Pilbara. 

 

 



Lighthouse Resort Subterranean Fauna 

Tattarang 

 

7 

 
Figure 4. Distribution of stygofaunal fish species on Exmouth Peninsula, including site records of O. 

candidum. 

Note that there are small coordinate errors in Museum database for some records. 
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Figure 5. Distribution of invertebrate stygofauna on Exmouth Peninsula. 

Note that there are small coordinate errors in Museum database for some records. 
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Figure 6. Distribution of listed invertebrate stygofauna species. 

Note that Stygiocaris sp. Bundera is been recognised genetically and is shown, although not currently listed. 

 

 



Lighthouse Resort Subterranean Fauna 

Tattarang 

 

10 

Table 1. Listed subterranean species on Exmouth Peninsula. 

Group Family Species Listing 

Stygofauna    

Polychaeta Spionidae Prionspio thalanji CRBC 

Remipedia Kumongidae Kumonga exleyi CRBC,VUEPBC 

Calanoida Epacteriscidae Bunderia misophaga CRBC 

 Pseudocyclopidae Stygocyclopia australis CRBC 

Misophrioida Speleophridae Speleophria bunderae CRBC 

Ostracoda Thaumatocyprididae Welesina kornickeri CRBC 

Amphipoda Hadziidae Liagoceradocus branchialis ENBC 

Decapoda Atyidae 

Stygiocaris lancifera 

(includes S. sp. Bundera) 
VUBC 

 Atyidae Stygiocaris stylifera P4 

Pisces Eleotricae Milyeringa veritas VUBC,EPBC 

 Synbranchidae Ophisternon candidum VUBC,EPBC 

Troglofauna    

Diplopoda Paradoxosomatidae Stygiochiropus isolatus VU 

  Stygiochiropus peculiaris CR 

  Stygiochiropus sympatricus VU 

Pseudoscorpiones Hyidae Indohya damocles CR 

Schizomida Hubbardiidae Bamazomus subsolanus EN 

  Bamazomus vespertinus EN 

  Draculoides brooksi EN 

  Draculoides julianneae VU 

Blattodea Nocticolidae Nocticola flabella P4 

 

 

Eight threatened and one priority species of invertebrate stygofauna occur on the peninsula (Table 1). 

Seven of the species occur at Bundera Sinkhole (Figure 6) and are listed as Critically Endangered or, in 

one case, Endangered under the BC Act. Only one of them, the remipede Kumonga exleyi, is listed (as 

Vulnerable) under the EPBC Act. The other two species, the shrimps Stygiocaris lancifera and S. stylifera 

(Figure 4), are listed as Vulnerable under the BC Act and as a Priority 4 species, respectively. 

5.2. Troglofauna 
Subterranean records of troglofauna on Exmouth Peninsula are nearly all from caves. There are also a 

few records from drill holes across the landscape that are sampling small voids and fissures in the 

underground matrix above the watertable. Many of the animals occurring in caves also occur in 

surrounding areas and it is frequently difficult to determine the extent of subterranean dependence in 

the apparent cave records themselves, especially as cave records frequently do not distinguish between 

occurrence immediately outside the cave, in the cave entrance or deeper in the cave. As a result, 

assignment as ‘troglofauna’ in Appendix 2 is accompanied by significant uncertainty in some cases. This 

variation in occurrence has been recognised in ecological classifications and species with subterranean 

affinity can be divided, somewhat artificially, into troglophiles that occur in the twilight zone near the 

entrance of caves (and sometimes outside) and troglobites that occur deeper in caves where it is dark, 

humidity is high and temperatures are relatively stable (Sket 2008). There are also various categories for 

species that use caves but have minimal dependence on them. 
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Figure 7. Distribution of troglofauna on Exmouth Peninsula. 
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Figure 8. Distribution of listed troglofauna species. 
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Western Australian Museum taxonomic databases contain records of specimens belonging to at least 

59 species that are considered likely to be troglobites or troglophiles (Figures 7 and 8, Appendix 2). The 

true number of troglofauna species is likely to be higher than recorded because, particularly for isopods, 

there has been limited taxonomic investigation and multiple species are likely to have been as a single 

taxon. The more comprehensive subterranean database of Dr W.F. Humphreys was not accessed for 

troglofauna.  In addition, literature on troglofauna of the peninsula is quite dispersed and has not been 

used greatly in compiling the species list in Appendix 2, although papers such as Humphreys and Shear 

(1993) highlight the incompleteness of the records presented in this report for individual species as not 

all occurrences lead to specimens in the Western Australian Museum. Other papers by Humphreys et al. 

(1989), Humphreys and Collis (1990) and Humphreys (1991) provide ecological information that 

increases understanding of how communities function underground. 

 

Eight threatened and one priority species of troglofauna occur on the peninsula (Figure 8). All of these 

species are listed only under the BC Act, with two species listed as Critically Endangered, three as 

Endangered and three as Vulnerable (Table 1). 

6. PROJECT AREA SUBTERRANEAN FAUNA 

6.1. Stygofauna 
No species of stygofauna or troglofauna has been recorded from the proposed borefield area, although 

one record of the listed blind cave eel Ophisternon candidum is very close to the Project area (Figure 4). 

The lack of records from near the borefield is probably because no sampling has occurred in this or 

adjacent areas. Based on distribution of records, O. candidum and the other listed fish species Milyeringa 

veritas appear likely to occur in the borefield, as well as the shrimp Stygiocaris stylifera (Figure 6), 

assuming that habitat there is suitable.  

 

Other stygofauna species collected nearby include the copepods Phyllopodopsyllus wellsi and Nitokra 

humphreysi collected on the western side of the range and the worm Enchytraeidae sp. B16, which 

although well east is in the tip of the peninsula (see Figure 5). 

 

The main determinants of occurrence of stygofauna are depth to groundwater, salinity and suitability of 

habitat (Mokany et al. 2019), although the latter is often difficult to determine. The depth to goundwater 

in the borefield varies from 30-50 m across the borefield. In many situations, this is sufficient depth to 

suggest the borefield is unlikely to host a rich stygofauna community. For example, Halse et al. (2014) 

collected large numbers of animals in the Pilbara only when depth to groundwater was <32 m and large 

numbers of species only at depth <19 m. However, depth to groundwater in the Water Corporation’s 

water supply borefield for Exmouth varies from 33-54 m across most of the borefield and monitoring 

has shown that a rich stygofauna community occurs (KBR 2005). It is therefore unlikely that depth to 

groundwater will constrain stygofauna occurrence in the proposed borefield, although this assumes that 

the borefield has relatively high recharge from the surface that washes nutrients and carbon into the 

aquifer after rainfall. The relationship between depth to groundwater and stygofauna occurrence 

principally reflects the extent of hydraulic connectivity with the surface (Hahn and Fuchs 2009). Locally, 

stygofauna abundance in the Yilgarn has been shown to vary according to the quantity of recharge 

(Sacco et al. 2020). 

 

The effect of salinity on groundwater occurrence is strongly influenced by natural salinity levels in the 

region, which set the ‘background’ tolerance level of the fauna. However, most Pilbara species are 

restricted to salinities of <10,000 µS/cm and most Yilgarn species to <25,000 µS/cm, although occasional 

species have greater tolerances (Halse 2018). In the coastal setting of the Exmouth Peninsula, most 

species would be expected to tolerate the salinities of the borefield, where upper groundwater salinity 

varies from 2,900-14,000 µS/cm across the borefield and increases at depth to about 24,000 µS/cm. It is 
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therefore unlikely that groundwater salinity in the proposed borefield will constrain stygofauna 

occurrence. 

 

As a general rule of thumb, aquifers that are transmissive enough to support a borefield will also have 

the interstitial spaces or voids to support stygofauna occurrence. Stygofauna respond to small-scale 

changes in lithology as well as broader geological and hydrogeological patterns (Hose et al. 2017). 

Recognising the foregoing, the chip tray samples from bores in the proposed borefield provide do not 

provide definite information about the occurrence of potential stygofauna habitat. However, samples 

from some bores appear to lack the interstitial spaces necessary to host stygofauna (Figure 2, LH08P), 

while elsewhere the habitat looks more prospective (Figure 2, LH02M). 

 

There are no comparable chip samples from the Water Corporation’s Exmouth water supply borefield 

that can be compared with those of the proposed but the generalised geology of the Exmouth Peninsula 

suggests the lithology in the proposed borefield and the water supply borefield are likely to be similar, 

with the aquifers being hosted by Tulki limestone in both cases (Figure 9; see also Allen 1993). This 

suggests a rich stygofauna community should occur in the proposed borefield. However, pump tests 

show the aquifer of the proposed borefield has an average transmissivity of 80 m2/day (Pennington 

Scott 2020), which is an order of magnitude less than for the water supply borefield (WRC 1999). Thus, 

possibly the lithology of the proposed borefield aquifer constrains the occurrence of stygofauna. In 

addition to providing less habitat, the lower transmissivity of the proposed borefield may also reduce 

recharge of energy and nutrients. 

 

 
Figure 9. Generalised geology on the coastal plain near Exmouth (from WRC 1999). 

 

In summary, while Exmouth Peninsula is rich in stygofauna there is uncertainty about the suitability of 

the habitat in the borefield for this group of animals. Salinity is unlikely to be a constraint on stygofauna 

occurrence but lithology may constrain occurrence both through providing minimal habitat for 

stygofauna in terms of interstitial spaces and voids and also through allowing limited recharge of energy 

and nutrients, especially since the watertable is moderately deep. This uncertainty about habitat 
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suitability means sampling is required to determine whether or not stygofauna occur in the proposed 

borefield and which, if any, species are present. 

6.2. Troglofauna 
No species of stygofauna or troglofauna has been recorded from the proposed borefield area. However, 

the spiders Yardiella humphreysi and Trichocyclus nigropunctatus occur near the coast to the west of the 

borefield and the schizomid Draculoides brooksi occurs about 6 km directly south (see Figures 7 and 8). 

 

The main determinants of troglofauna occurrence are suitable habitat in terms of subterranean spaces, 

high relatively humidity and a source of energy and carbon. The latter is usually provided by recharge 

from the surface or direct transport into caves. In most cases, relative humidity is maintained at depth 

by processes within the vadose zone (Hong Shou et al. 2011). Thus, lithology and the types and size of 

subterranean voids and fissures present can be the critical factors in determining occurrence of 

troglofauna (Howarth and Moldovan 2018). 

 

Chip trays from bores within the proposed borefield (Figure 3) suggest that significant subterranean 

spaces are likely to be present in Tulki limestone above the watertable in this area. This fits the pattern 

across Exmouth Peninsula as a whole where numerous caves occur in the Tulki limestone. Accordingly, 

it would be expected that troglofauna occur in the borefield. In the Pilbara, more troglofauna is found 

hills, breakaways and other elevated areas where karstic or weathered rocks containing voids are 

exposed or have very little soil cover (Mokany et al. 2018). The same pattern appears to occur on the 

peninsula (Figure 7) but this could also be interpreted as reflecting the areas where larger caves occur 

and sampling has been greatest. 

 

Given the above information, some troglofauna species are expected to occur in the borefield although 

the likely richness of the community is unknown. 

7. THREAT TO SUBTERRANEAN FAUNA 
There are two potential threats to subterranean fauna associated with development of the proposed 

new borefield and the changes to the wastewater system (ARUP 2019): lowering of the water table in 

the borefield reduces the volume of habitat potentially available to stygofauna, while open space 

irrigation with wastewater, as well as leakage from the WWTP, will increase nutrient concentrations in 

groundwater. 

 

Troglofauna will not be affected by lowering of the watertable in the borefield, or by the activities 

associated with borefield construction and surface operation. Relative humidity is unaffected by small 

increases in depth to water and groundwater abstraction has little or no potential to affect other 

components of troglofauna habitat. Irrigation and increases in nutrients may affect troglofauna 

occurrence but any changes are likely to be small and there is insufficient information to assess small 

effects. It is considered likely that the threat of the proposed new borefield and wastewater issues to 

troglofauna conservation values will be low.  

7.1. Groundwater Abstraction 
The maximum drawdown around the production bores in the proposed borefield is predicted to be 0.4-

0.6 m (Pennington Scott 2020). Drawdown is likely to extend almost 400 m from the borefield but in 

most of the area the lowering of the watertable will be very small. 

 

The thickness of the borefield aquifer is approximately 30 m, with water in the upper layers ranging from 

subsaline to hyposaline and that at the base of the aquifer being mesosaline. All sections of the aquifer 

have salinities suitable for stygofauna and the species in the more saline sections of surface water will 

tolerate the mesosaline conditions in the deeper aquifer. 
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The overall reduction in volume of the habitat for stygofauna within the borefield itself will be reduced 

by no more than 0.5%. While the aim of abstraction is to skim off the fresher groundwater, which may 

result in loss of the small areas of subsaline (500-3000 µS/cm) water, overall very little habitat change 

will occur as a result of borefield operations. 

 

It is not known which, if any, stygofauna species occur in the borefield but current knowledge of species 

ranges on the peninsula suggests it is highly unlikely that any species would have a range restricted to 

the vicinity of the borefield unless it represented a unique hydrogeological feature (see Figure 6). This is 

not the case because the borefield lies in an area of continuous Tulki limestone. While it is possible that 

listed stygofauna species may occur in the borefield, all of the species with potential to do so have wide 

ranges on the peninsula and their conservation status would not be threatened by borefield operations.  

Species of the Bundera Sinkhole community, the only listed stygofauna community on the peninsula, 

will not be found in the borefield because it requires an anchialine setting, which clearly does not occur 

there. The other recognised ‘community’, the Cape Range Subterranean Wetlands occurs north-east of 

the borefield (and elsewhere) but will not be affected by borefield operation. Accordingly, the threat of 

borefield operations to stygofauna conservation values is low. 

7.2. Wastewater disposal 
There is currently insufficient information to assess the potential impact of open space irrigation with 

wastewater, as well as leakage from the WWTP, on stygofauna conservation values. This is likely to 

increase nutrient concentrations in groundwater to an unknown extent, although the WWTP ponds will 

be lined. In studies elsewhere, high nutrient levels associated with sewerage have been shown to alter 

the composition of stygofauna communities, with inferences that some species are affected 

deleteriously (Hartland et al. 2011; Korbel and Hose 2011). However, it appears that in general 

stygofauna species are likely to be no more sensitive than to nutrients surface species (see Hose 2005). 

Elevated levels of organic matter have also been shown to change stygofauna community structure while 

Total N concentrations remained low (Sinton 1984; Graening and Brown 2003).  

 

Surveys in the vicinity of Exmouth suggest that total nitrogen values (usually the main contamination 

from WWTPs together with increased biological oxygen demand) of up to 15 mg/L N do not adversely 

affect stygofauna occurrence (Bennelongia 2018). 

8. CONCLUSIONS 
Stygofauna and troglofauna probably occur in the borefield and nearby Project area, although habitat 

evaluation produces uncertain inference about the occurrence of both groups and there is no knowledge 

of any species occurring there. 

 

The nature of borefield and wastewater operations mean that the likelihood of troglofauna conservation 

values being affected is low. Possible effects of wastewater treatment and irrigation are likely to be low 

but cannot be assessed with existing information. 

 

The effect of groundwater drawdown, as a result of borefield operations, on stygofauna conservation 

values will be low. There is currently insufficient information to assess the likely impact of wastewater 

treatment and irrigation on stygofauna conservation values. However, it should be noted that no species 

is likely to be confined to the WWTP and area of irrigation effect.   
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Appendix 1. Stygofauna species on Exmouth Peninsula according to 

Museum records and literature. 
Group Species Source1 Probable synonyms 

Fish2    

   Eleotricae Milyeringa veritas 1  

   Synbranchidae Ophisternon candidum 2,3  

Oligochaeta    

   Naididae Dero furcata 1  

   Tubificidae Aktedrilus parvithecatus 1 Aktedrilus n. sp. 2 (WA18) 

 Pectinodrilus ningaloo 1 Pectinodrilus n. sp. 1 (WA19) 

   Enchytraeidae  Enchytraeidae sp. B16  4  

 Enchytraeidae sp. B17  4  

   Phreodrilidae  Phreodrilidae D sp. B11  4  

 Phreodrilidae S sp. B12  4  

Polychaeta    

   Spionidae Prionospio thalanji 1  

   Syllidae Erinaceusyllis centroamericana 1 Sphaerosyllis centroamericana 

 Syllis cf. broomensis 1 Typosyllus (Ehlersia) cf. broomensis 

Crustacea    

Remipede    

Speleonectidae Kumonga exleyi 1 Lasionectes exleyi 

  Thermosbaenacaea    

Halosbaenidae Halosbaena tulki 1  

 Halosbaena sp. CRE 5  

Ostracoda    

Limnocytheridae Gomphodella sp.   

Candonidae Candonopsis tenuis 1  

 Phlyctenophora mesembria 1  

 Humphreyscandona ‘BOS630’ 4  

 Humphreyscandona ‘BOS639’ 4 s 

 Humphreyscandona ‘BOS642’ 4  

 Candonidae ‘BOS628’  4  

   Thaumatocyprididae Welesina kornickeri 1 Danielopolina kornickeri 

Cypridopsidae Sarscypridopsis ochracea 4  

Copepoda    

Epacteriscidae Bunderia misophaga 7  

   Pseodocyclopidae Stygocyclopia australis 1  

 Stygoridgewayia trispinosa 6 ‘Stygoridgewayia westaustraliensis’  

   Speleophridae Speleophria bunderae 1  

 Speleophria ‘BCA002’   

   Cyclopidae Apocyclops dengizicus 1  

 Diacyclops humphreysi 1  

 Dussartcyclops sp. B12 4  

 Halicyclops longifurcatus 1,8  

 Halicyclops spinifer 1  

 Orbuscyclops westaustraliensis  4  

 Metacyclops mortoni 1  

 Microcyclops varicans 1  

 Neocyclops ‘BCY058’ 12  

   Ameiridae Ameira ‘BHA250’ 12  

 Megastygonitocrella unispinosa  4  

 Nitokra fragilis 1  

 Nitokra humphreysi 1  

 Nitokra lacustris 1  

 Nitokra ‘BHA251’   

 nr Neonitocrella sp. B01 4  
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Group Species Source1 Probable synonyms 

   Ectinomatidae Ectinosoma ‘BHA244’   

   Paramesochridae Apodopsyllus ‘BHA255’   

   Miraciidae Amphiascoides subdebilis 1  

   Laophontidae Onychocamptus bengalensis 1  

   Tetragonicipitidae Phyllopodopsyllus wellsi 1  

   Phyllognathopodidae Phyllognathopus sp. B01 4  

   Canthocamptidae Australocamptus nr hamondi 4  

   Parastenocaridae Parastenocaris sp. B36 4  

Syncarida    

Parabathynellidae Brevisomabathynella sp. 1 `Australobathynella brooksi` 

 Hexabathynella sp. B12 1,4  

Bathynellidae Bathynella sp. B28 4  

Amphipoda    

Eriopisidae Norcapensis mandibulis 1 

Elasmopus ?yunde; Melitidae gen. nov.; 

Psammogammarus/Victoriopisa sp.; Melitidae gen. 

nov. nr Norcapensis, Wesniphargus 

   Hadziidae Hadzia branchialis 1 Liagoceradocus branchialis 

   Melitidae Nedsia douglasi 1,9  

 Nedsia ‘sculptilis Cape Range’ 4,12 Nedsia sp. B07 (douglasi grp)  

   Paramelitidae Paramelitidae sp. 4  

Isopoda    

Cirolanidae Haptolana pholeta 1,2  

   Philosciidae Philosciidae genus? sp. A 1  

 Philosciidae genus? sp. B 1  

Decapoda    

Aytidae Stygiocaris lancifera 1,3,10  

 Stygiocaris stylifera 1,3,10  

 Stygiocaris sp. Bundera 1,11  

Mollusca    

   Iravadidae Iravadia sp. 1  

   Thiaridae Melanoides ?tuberculata 1  

   Pupillidae Gastrocopta CW1 sp. nov. 1  

¹ Source: 1 Western Australian Museum and W.F. Humphreys databases); 2 Knott (1993); 3 Humphreys and Adams (2001); 4 

Bennelongia (2018); 5 Page et al. (2016); 6 Tang et al. (2008); 7 Jaume and Humphreys (2001); 8 Pesce et al. (1996); 9 Barnard and 

Williams (1995); 10 Holthuis (1960); 11 Page et al. (2008); 12 Bennelongia (2019)  

² The introduced fish Poecilia reticulata has been recorded on the eastern coastal plain.  
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Appendix 2. Troglofauna1 species on Exmouth Peninsula according to 

Museum records. 

Group Species 

Acari  

   Ascidae Cheiroseius `sp. 1` 

 `Genus indet.` `sp. 1` 

   Laelapidae `Genus indet.` `sp. 2` 

Araneae  

   Corinnidae Nyssus albopunctatus 

   Ctenidae Bengalla bertmaini 

 Janusia `sp. 2` 

   Deinopidae Deinopis `sp. indet. (juvenile)` 

   Filistatidae Wandella barbarella 

 Wandella humphreysi 

 Wandella waldockae 

 Yardiella humphreysi 

   Gallieniellidae Oreo `sp.` 

   Lamponidae Notsodipus capensis 

 Pseudolampona marun 

   Linyphiidae Chthiononetes tenuis 

 Dunedinia occidentalis 

 `Genus indet.` `sp. indet. (juvenile)` 

   Oonopidae Opopaea `Exmouth sp. 1` 

 Prethopalpus alexanderi 

 Prethopalpus infernalis 

   Pholcidae Trichocyclus nigropunctatus 

 Trichocyclus septentrionalis 

   Symphytognathidae Anapistula troglobia 

Isopoda  

   Armadillidae Armallidae sp. 

   Philosciidae Philosciidae sp. 

Pseudoscorpiones  

   Chthoniidae Austrochthonius easti 

 Tyrannochthonius brooksi 

 Tyrannochthonius butleri 

 Tyrannochthonius `sp. nov.` 

   Hyidae Indohya damocles 

 Indohya humphreysi 

   Syarinidae Ideoblothrus papillon 

 Ideoblothrus woodi 

Schizomida  

   Hubbardiidae Bamazomus subsolanus 

 Bamazomus vespertinus 

 Draculoides brooksi 

 Draculoides julianneae 

 Draculoides vinei 
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Group Species 

 Draculoides `SCH112` 

 `SCHAAA` `SCH056` 

 `SCHAAA` `SCH091` 

Collembola  

   Entomobryidae Sinella tropicalis 

Diplura  

   Campodeidae ‘Cocytocampa humphreysi’ ms 

Archaeognatha  

   Meinertellidae Machilelloides incoloratus 

Thysanura  

   Nicoletiidae Trinemura troglophila 

Blattodea  

   Nocticolidae Nocticola flabella 

Orthoptera  

   Gryllidae Ngamarlanguia luisae 

Hemiptera  

   Reduviidae Reduviidae sp. 

   Meenoplidae Phaconeura prosperina 

Coleoptera  

   Carabidae Lebiinae sp. 

 Clivina sp. 

   Staphylinidae Pselaphinae sp. 

 Anabaxis sp. 

 Durbos sp. 

 Eupines sp. 

Diplopoda  

   Paradoxosomatidae Stygiochiropus communis 

 Stygiochiropus isolatus 

 Stygiochiropus peculiaris 

 Stygiochiropus sympatricus 

   Lophoproctidae Lophoturus madecassus 
1Likely troglobites and troglophiles, based on collection information 
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EXECUTIVE SUMMARY 

ZIZ Resorts Pty Ltd (the Proponent) purchased the Ningaloo Lighthouse Holiday Park 
in late 2018 and is seeking to redevelop it into an eco-resort in 2021. The Proponent 
currently holds groundwater licence GWL153728 to take 32,000 kL/year from the 
Exmouth North Saline Resource but is seeking to increase the saline water allocation to 
72,000 kL/year to produce 50,000 kL/year of potable water. The borefield would provide 
up to 259 kL/day during the peak tourist season (1 April to 31 October) and 108 kL/day 
during the low season (1 November to 31 March).  

At the time of the purchase, Lighthouse had four (4) existing equipped water bores on 
Lot 2, plus was receiving makeup water from the Department of Defence. In August 2020 
the Department of Water and Environmental Regulation granted the Proponent a 26D 
permit CAW204525(1) to explore and develop seven (7) additional water bores in the 
Work Area along the eastern edge of the Cape Range, so that the Project could become 
fully self-sufficient for water. The new bores were completed between August and 
September 2020 and as part of the hydrogeological investigations, all bores were pump 
tested for 48hrs at 0.5 L/s, during which water quality parameters were monitored during 
the tests. 

The hydrogeological investigations reveal that the Tulki Limestone beneath the Property 
is a saline groundwater resource, with better quality (brackish to saline) groundwater 
(3,000 to 14,000 mg/L) at the water table, becoming more saline with depth. The highest 
measured salinity on the property was 24,000 mg/L from about 30 m below the water 
table, which is still less saline than seawater as measured at Exmouth during the 
program, being 33,200 mg/L.   All bores are screened a few metres beneath the water 
table such that they skim only the better-quality groundwater from the top of the water 
table.   

Seasonal borefield abstraction in the high season is likely cause groundwater salinity in 
the immediate borefield vicinity to increase marginally as better-quality groundwater is 
sipped from the water table. However, water quality would recover over the wetter 
season, when abstraction rates are minimal and when natural recharge over the Cape 
Range is at its highest.    

Groundwater abstraction over the high season is likely to cause a maximum discernible 
drawdown impact extending up to 370 m from the borefield, with the highest drawdown 
in each production bore ranging from 0.4 to 0.6 m.     

The perceived environmental and social impacts that could may arise from the expansion 
of the Project borefield are as follows:  

• Groundwater dependent ecosystems - Bennelongia (environmental 
consultants) have been engaged to conduct a subterranean fauna study of the 
Project borefield, which will comprise a comprehensive desktop study and a field 
sampling program in accordance with the Environmental Protection Agency 
guidance documents.  Sampling prior to this report has not been possible because 
the bores were only completed in late September 2020, and in line with EPA 
requirements, subterranean fauna sampling should ideally be undertaken 3 
months post disturbance.  Notwithstanding the above, the BoM database reveals 
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the presence of the ‘Cape Range Subterranean Waterways’, located 
approximately 4 to 5 km northeast of the Project; 

• Other groundwater users – the Project would have no impact on other 
groundwater users because there are no other users within the drawdown impact 
area; indeed, the nearest third-party bore is more than 5 km away from the Project; 
and 

• Aboriginal Heritage – the Project would have no unacceptable impacts on 
aboriginal heritage values because there are no sites with water significance within 
the drawdown impact area; the nearest site of water significance is 3 km away and 
the Proponent has agreed to engage regularly with the Nganhurra Thanardi Garrbu 
Aboriginal Corporation (NTGAC) with respect to groundwater abstraction and 
protection of this site; and the Proponent has implemented a management plan to 
avoid impacts to one identified artifact site within in the borefield area.  
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1.  BACKGROUND 
ZIZ Resorts Pty Ltd (the Proponent), a wholly owned subsidiary of Tattarang Pty Ltd, 
purchased the Ningaloo Lighthouse Holiday Park (the Property) in late 2018 with a view 
to redevelop the Property into an eco-resort, catering for a peak load of 651 guests and 
visitors during the main tourist season (1 Apr. to 31 Oct.), and up to 299 guests and 
visitors during the low season (the Project).    

The Property is located 13 km north of Exmouth, Western Australia, comprising freehold 
land over Lot 2 (P 014686 2), Lot 1 (P 014686 1) and Lot 557 (DP 412260) Yardie Creek 
Road, leasehold land over parcel LGE N657592, and an easement over land LAA 
144(307) L826505. Also included for the Project’s development is access to Unallocated 
Crown Land (UCL) for water exploration, approved under a Section 91 of the Land 
Administration Act 1997 (LAA) comprising Lot 307 and 308 on Deposited Plan 40825 
and a portion of UCL pin number 1240777. Figure 1-1 illustrates all land pertaining to, 
and associated with, the Property and the Project.  

The annual potable water demand for the Project is anticipated to be 50,000 kL/year 
based on water usage of 250 L per guest per day. The raw saline groundwater must be 
treated through an onsite reverse osmosis (RO) plant to produce potable water, with a 
30% reject stream. Thus, the Project would require 72,000 kL/year of saline groundwater 
to produce 50,000 kL/year of potable water.    

The Proponent currently holds groundwater licence (GWL) GWL153728 to take 32,000 
kL/year from the Exmouth North Saline Resource, granted under Section 5C of the 
Rights in Water and Irrigation Act 1914 (RWIA). The Proponent has applied to the 
Department of Water and Environmental Regulation (DWER) to increase the current 
allocation to 72,000 kL/year, and in support of the application, the Proponent has 
constructed a new borefield on the eastern side of the Cape Range, approximately 2 km 
south of the existing holiday park.    

Pennington Scott (groundwater consultants) were engaged to develop the new borefield 
and prepare an H2 hydrogeological assessment in accordance with DWER’s Operational 
Policy 5.12. 

The contained document represents the interpretive H2 hydrogeological report, 
prepared in accordance with the Department of Water and Environmental 
Regulation’s Operational Policy No. 5.12 (DWER, 2009), in support of ZIZ Resorts 
Pty Ltd application to DWER to increase the allocation limit on 5C groundwater 
licence GWL153728 from 32,000 kL/year to 72,000 kL/year. 
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Figure 1-1: Lighthouse Holiday Park location map and land parcels 
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2.  HYDROGEOLOGICAL SETTING 

2.1  Climate 

Exmouth endures a semi-arid climate with daytime temperatures often reaching above 
40oC in summer and reduce to 25oC in winter. Rainfall mostly occurs between January 
to July and is usually dry between August to December. 

The Bureau of Meteorology has been recording climate data at the Learmonth Airport 
(weather station number 5007) since 1945. The long-term annual average rainfall 
recorded from the Learmonth Airport is 253.5 mm, but records have shown that up to 
361 mm has previously fallen in one month - January. In the 2019-2020 FY period, a 
total of 83.1 mm of rainfall was recorded. Evaporation rates are high, with the annual 
average pan evaporation of approximately 3000 mm/year. Figure 2-1 illustrates the 
2019-2020 rainfall with the long-term monthly average rainfall and evaporation as 
recorded from the Learmonth Airport. 

There is significant salt deposition over the land surface as dryfall or with rainfall that is 
derived from marine aerosols generated by wind and wave action. The annual salt input 
is likely to be highly variable, dependent on wind direction and strength, and rainfall. 
There is no available monitoring of salt deposition over the Exmouth Peninsula, although 
an average input of about 92 kg/ha is found across Port Headland, Onslow and 
Carnarvon (including Brickhouse) for sampling during 1973 (Hingston and Gailitis, 1976), 
which should be a good approximation for the peninsula.  

 

 

 

Figure 2-1: Climate statistics from the Learmonth Airport (#5007) 
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2.3  Geology 

The Property lies within the Northern Carnarvon Basin, which is described by the 
Geological Survey of Western Australia in Bulletin 133 (Hocking et al., 1987), while the 
peninsula area is covered in the Onslow 1:250k scale geological explanatory notes (Van 
De Graff et al., 1982). The exploratory petroleum well Melanie 1 (Lane, 1998) situated at 
the northern end of the Lighthouse borefield provides some local geological context.  

A thick Palaeozoic and Mesozoic sedimentary sequence is overlain by around 1000 
metres of Cenozoic deposits in Property area. The Cenozoic deposits consist of a series 
of mostly calcarenite formations, which are in ascending order the Cardabia Calcarenite 
(883 – 946 m in Melanie 1), Giralia Calcarenite (465 – 883 m in Melanie 1) and the Cape 
Range Group which sub- or outcrops the surface below the Cape Range. The Cape 
Range Group summarised in Table 2-1 comprises (in ascending order) the Mandu 
Calcarenite, the Tulki Limestone, the Trealla Limestone, the Pilgramunna Formation and 
the Vlamingh Sandstone.  

Figure 2-1 shows locality and hydrogeological features at the northern end of the 
Exmouth Peninsula.  

Table 2-1: Stratigraphy of the Cape Range Group 
Age Group Formation Lithology 

Neogene 
Miocene Cape 

Range 
Group 

Vlamingh 
Sandstone 

Well-sorted, medium-grained quartzose 
calcarenite with large-scale (12m) steep 

cross-bedding 
Pilgramunna 

Formation 
Quartzose calcarenite and coralgal 

limestone, fine to very coarse-grained 

Trealla 
Limestone 

Pure white calcirudite to calcisiltite, with 
coralgal limestone; thin to massive 

bedded with sharp edged karst features 
common; fossiliferous 

Tulki Limestone Reddish to yellowish, marly, foraminiferal, 
calcarenitic packstone; fossiliferous 

Oligocene 
to Miocene 

Mandu 
Calcarenite 

White, chalky calcarenite to calcilutite; 
rare flint nodules; fossiliferous 

 

The Cape Range is a north-south striking elevated gentle anticline comprising the Tulki 
Limestone over Mandu Calcarenite at depth. These formations dip gently to the east and 
west, while the anticline plunges northward so that the sedimentary sequence deepens 
toward the northern end of the peninsula. On the eastern side of the Cape Range, the 
Tulki Limestone is overlain by a veneer of red brown sandy loam soil. Trealla Limestone 
is not recognised at the Property, although it may have been missed as the upper Tulki 
Limestone and lower Trealla Limestone have almost identical lithologies (Hocking et al., 
1987). About the western margin of Cape Range the Tukli Limestone is overlain by the 
Pilgramunna Formation and Vlamingh Sandstone, and these formations may also be 
present east of the range at the northern end of the peninsula. About the north-eastern 
corner of the peninsula the Cape Range Group is overlain by the Bundera Calcarenite, 
which is a Holocene to Late Pliocene deposit probably not exceeding 20 m thickness 
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that consists of calcarenite to calcirudite (>50% carbonate grains) with extensive coralgal 
(coral and algal) reef deposits (Condon, 1954; Hocking et al., 1987). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1.  Northern Exmouth Peninsula locality showing Property boreholes and 
hydrogeological features. 

The Lighthouse bores are constructed into the Tulki Limestone, which is a high energy 
offshore deposit of Early Miocene age. Tulki Limestone consists of medium to coarse-
grained calcarenitic, muddy foraminiferal packstone and mud-free grainstone, 
characteristically reddish to yellowish. The uppermost 20-odd metres is commonly highly 
recrystallized making it very-hard (Chaproniere, 1975, 1984 in Hocking et al., 1987; 
Lane, 1998). Karstic features are present through the limestone, which often appear to 
be filled with medium grained, rounded quartz sand (Lane, 1998). 

Figure 2-2 illustrates drill samples from the northern and southern extents of the recent 
Lighthouse drilling program. This shows a hard indurated limestone present over the 
upper 3 to 20-27 m of the Tulki Limestone, which overlies either weakly cemented to 
loose “running” medium grained quartz sand with clay and/or silt seen in the northern 
extent, or indurated limestone with sand filled karsts observed in the southern holes. It 
is possible that the upper portion of the holes LH01 and 02 located further to the east 
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have intersected the Vlamingh Sandstone, which is a well-sorted, medium-grained 
quartzose calcarenite. 

 

 

Figure 2-2: Chip trays with drill samples from the northern and southern areas of 
the borefield; LH08P from the north, LH02M from the south. 

Underlying the Tulki Limestone is the Mandu Limestone, which is interpreted to be 
present from 190 m depth (-150.2 mAHD) in Melanie 1. It shallows to the south with 
outcrops within ravines in the Cape Range south of Exmouth, and has been intersected 
by water investigation drilling west of Exmouth at elevations up to +15 mAHD in hole 4-
89 (Martin, 1990) which was located well east of the anticline where the level would be 
greater. Mandu Limestone is Early Miocene to Early Oligocene age, and comprises 
friable white to cream chalky to marly calcarenite, calcisiltite and calcilutite  or grey 
fossiliferous limestone (Hocking et al., 1987; Martin, 1990), forming a marly limestone in 
outcrop (Hocking, 2000).  

Figures 2-3 and 2-4 present hydrogeological cross-sections showing the geology and 
aquifer extent for North-South and East-West directions (section lines shown by 
Figure 2-1). 
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Figure 2-3 North-South hydrogeological section 
 

 

Figure 2-4 East-West hydrogeological section 
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2.4  Hydrogeology 

2.4.1  Aquifer and permeability 

The Cape Range Group forms an unconfined aquifer beneath the Exmouth Peninsula, 
within which the Tulki Limestone comprises the most permeable portion. Permeability 
may be derived from both primary granular permeability/porosity over the more 
fossiliferous clay free units and through secondary permeability developed by karstic 
formations. Lost circulation of drilling mud reported in Melanie 1 from 73 m (Lane, 1998) 
was probably due to the presence of karstic limestone. Drilling of the Lighthouse borefield 
production bores did not experience lost circulation, suggesting that they had not 
reached the karstic features by the maximum depth of 50.7 m, and are therefore within 
the sand portion with intergranular permeability. Any karstic zones present in the area 
that may provide preferential flow or piston flow effects occur at depths greater than that 
reached by the bores. 

Pumping tests undertaken on the Lighthouse bores at rates of 0.5 L/s were insufficient 
to stress the aquifer and does not allow hydraulic analysis for aquifer parameters. 
However, the aquifer will be highly transmissive through the Tulki Limestone portion with 
highest permeability through the karstic portions. The underlying Mandu Limestone is 
largely impermeable (Hocking et al., 1987), with the marly portion potentially forming a 
base to the aquifer (Martin, 1990). 

2.4.2  Water table 

The water table within the Tulki Limestone has a low hydraulic gradient, rising to less 
than 1 mAHD within about 5 km of the gulf shoreline at Exmouth (Martin, 1990). It is 
probably less than 1 mAHD through the Lighthouse borefield where it was intersected at 
30 to 50 m below ground level, reflecting the elevation of surface topography. West of 
Exmouth the water table is higher in the low permeability Mandu Limestone, reaching an 
elevation up to 7.5 m AHD (bore 4-89 in Martin, 1992) recorded 7 km west of the gulf 
shoreline, but probably rises even higher toward the anticline hinge. The central core 
area of the anticline west of Exmouth forms a barrier to groundwater flow across the 
central portion of the peninsula where the water table is within the Mandu Limestone and 
the Tulki Limestone is fully unsaturated (see Figure 2.1). This area extends from about 
7 km west of the gulf shoreline. 

2.4.3  Recharge 

Groundwater is recharges via infiltration of rainfall and runoff principally over the Cape 
Range and fringing deposits, occurring during heavy rainfall events. Recharge has been 
estimated to be about 10% of average rainfall (Forth, 1972), although there will be no 
effective groundwater recharge in low lying coastal areas. Total recharge will be 
significantly greater over the peninsula south from around Exmouth where the recharge 
area width is around 15 km wide compared to the northern end where it is around 5 km 
wide through the Property. 
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2.4.4  Groundwater salinity 

Groundwater salinity beneath the Property is stratified, with a lens of lower salinity water 
present from the water table becoming steadily more saline with depth. A freshwater lens 
with low, potable water salinities is absent in the project area and the whole salinity profile 
can be characterised as a transition zone between brackish water and seawater.  

Figure 2-5 shows the water electrical conductivity (EC in mS/cm) profile intersected by 
the boreholes, with values measured from water airlifted while drilling and from the 
monitoring and production bores. A zone of low salinity water with an EC <2 mS/cm 
(around 1200 mg/L) up to about 2 m thick is present below the water table, which then 
increases rapidly with depth. Brackish water (1000-10,000 mg/L) extends up to about 
6 m depth, progressing downward into increasingly saline water. The highest recorded 
groundwater conductivity was 45.9 mS/cm (about 27,500 mg/L) from 66 m depth (24 m 
below the water table) in LH02M (not on section). It is likely that groundwater salinity 
increases further with depth so that by the base of the aquifer it is around seawater 
quality. Seawater salinity was measured at the Exmouth coast during the program at 
33,200 mg/L TDS. 

Estimation of the inland extent and depth of the Saltwater Interface (SWI) using Glover’s 
solution gives an average SWI depth of about 20 m below sea level (see Appendix), 
which is in good agreement for the depth at which water salinity approaches seawater in 
the borefield. Potential upconing of the SWI resulting from pumping of the bores is 
calculated using the Bear and Dagan method to be a maximum of 2.3 m under the 
borefield site and pumping conditions (see Appendix). This level of upconing is well 
below the depth at which the bores are screened, and therefore the bores should not 
experience seawater intrusion resulting from pumping.  

East of Exmouth, fresh groundwater (<1000 mg/L) is present forming a lens that can 
exceed 100 m thick (at 5/89) over a saltwater interface in the Tulki Limestone (Martin, 
1990), although the freshwater lens is much thinner closer to the coast. The saltwater 
interface extends around 5 km inland, but further inland to the westward limit of the 
aquifer freshwater is present through the full thickness over the Mandu Limestone. A 
freshwater lens does not extend into or is poorly developed at the northern end of the 
peninsula (see Figure 2-1). This is likely a result of the smaller recharge area over the 
northern end contributing less fresh recharge water at the water table, and hydraulic 
connection of the aquifer with both Exmouth Gulf in the east and ocean to the west 
permitting a saltwater interface to intrude from both directions. Tidal influences may also 
promote greater mixing through the profile.    
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Figure 2-5 Water quality profile at the Property showing EC to 20m below the water 
table 
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3.  ABORIGINAL HERITAGE SURVEY 

Hydrogeological field work was undertaken on the Property on the eastern side of the 
Cape Range, an area that has cultural heritage significance to the Nganhurra Thanardi 
Garrbu Aboriginal Corporation Title group (NTGAC). In accordance with the indigenous 
land use agreement (ILUA) between the Proponent and the NTGAC, the Proponent 
engaged the Yamatji Marlpa Aboriginal Corporation (YMAC), who are representatives of 
NTGAC, to undertake a heritage survey over the proposed drill pads and access tracks 
(referred to as the Work Area). The survey was completed between 10 and 13 
December 2019. 

The heritage survey is included in Appendix A and the key findings are summarised as 
follows: 

• One artifact scatter location (Section 91 Water Bores Avoidance Area One) was 
identified on the existing main access track leading into the Work Area;  

• One registered heritage site (DPLH ID 10381 Vlamingh Head) was reassessed 
and found to have continuing cultural significance for the Baiyungu people; and 

• The importance of groundwater to the sacred narratives of the Cape Range 
region were recognised. 

To avoid disturbing the artifact scatter location on the main access track, NTGAC 
surveyed an alternative deviation (refer to Figure 4-1). The Proponent obtained a 
clearing permit (CPS/8913-1) and constructed the alternative track during the 
hydrogeological investigation program. 
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4.  FLORA AND FAUNA SURVEY / CLEARING PERMIT 

Flora and fauna in Western Australia are protected by various legislative measures, 
including:  

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) – 
Australian Government; 

• Biodiversity Conservation Act 2016 (BC Act) – State; 

• Environmental Protection Act 1986 (EP Act) – State; and 

• Biosecurity and Agriculture Management Act 2007 (BAM Act) – State. 

The Property is located within an environmentally sensitive area (ESA) declared by the 
Minister for Environment under the Environmental Protection Act 1986, with known 
locations of priority flora and fauna species (Figure 4-1). 

For this reason, environment consultants, Strategen JBS&G, were engaged to undertake 
an ecological survey for flora and fauna within the Work Area; the survey was completed 
on 19 June 2020. The survey is included in Appendix B and key findings are 
summarised as follows:  

• Three native vegetation types were mapped within the Work Area; 

• No threatened or priority ecological communities were recorded within the Work 
Area; 

• No other significant vegetation was mapped within the Work Area; and 

• Two Priority flora species (P2 and P4) were recorded within the Work Area. 

The survey concluded that the P2 species were located directly adjacent to previously 
cleared tracks and concluded “that clearing activities are unlikely to have indirect impacts 
on this species”.  A risk management plan was developed to deviate the proposed 
clearing around the P2 species to minimise any disturbance. A clearing permit was 
approved under CPS 8913/1. Figure 4-1 illustrates the actual cleared tracks and 
avoidance of the P2 species. 
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Figure 4-1: Work area and cleared deviations around the P2 species 

4-1 
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5.  HYDROGEOLOGICAL FIELD PROGRAM 

The prime objective of the new borefield is to produce feed water for the RO plant at as 
low salinity as possible. For this purpose, the borefield is designed as a low yield 
“groundwater sipping” borefield, where a small volume of abstraction is spread over 
multiple bores to minimise the drawdown impacts.  

DWER granted the Proponent Section 26D permit CAW204525(1) under the RIWA to 
drill exploration and production water bores on the Property. Given the paucity of 
available hydrogeological information leading into the field program, the hydrogeological 
investigation was divided into two stages: 

• Stage 1: Exploration / Monitoring Program – This initial exploration phase was 
conducted over the Work Area to locate the most prospective borefield area in 
terms of yield and water quality. This phase was conducted using a combination 
of percussion rotary air blast (RAB) and reverse circulation (RC) drilling methods, 
which provided air lift yields and water quality variations with depth. A total of 
eight (8) monitoring bores were constructed during this program; seven (7) within 
the original Work Area and one (1) within leasehold Lot 143; and  

• Stage 2: Production Bore Program – Air drilling techniques were unsuitable for 
larger diameter bore construction due to collapsing subsurface conditions 
encountered during the exploration program. Thus, a follow-up production bore 
drilling program was completed using a mud rotary drilling method. A total of 
seven (7) production bores were installed to target depths of 3 to 4 m below the 
prevailing water table (as identified during the exploration program); four (4) bores 
were constructed within the Work Area and three (3) bores were constructed to 
reinstate old bores on existing drill pads but were outside of the original Work 
Area. 

The following sections further detail each component of the hydrogeological field 
program. 

5.1  Drilling and Bore Construction 

An exploratory drilling and bore construction program were conducted in August and 
September 2020 with drilling contractor Harrington Drilling engaged to undertake the 
drilling. A total of eight (8) monitoring bores and seven (7) production bores were 
constructed. Figure 5-1 illustrates the bore locations and Table 5-1 summarises all bore 
construction details.  Bore completion logs are included in Appendix C. 

The bore construction procedure was in accordance with the Minimum Construction 
Requirements for Water Bores in Australia, February 2012, and all field operations were 
under the direct supervision of a Pennington Scott senior hydrogeologist. Bores were 
constructed under the following protocols: 

Stage 1 Exploration Monitoring Bore Construction 

• Temporary 155 mm I.D. PN9 surface casing was installed to 6 m; 
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• A pilot hole was drilled with a 150 mm or 128 mm drill bit; final depths determined 
by water quality (see following point); 

• Drill return samples were laid out in 1 m intervals and logged by a senior 
hydrogeologist to the Australian Standard AS1728-1993. Airlift yields and EC were 
recorded at 1-3 m intervals upon the intersection of the water table, and the hole 
was terminated at either EC >18,000 uS/cm or at 120m, whichever came first; 

• The hole was cased to full depth with 55.2 or 53.7 mm I.D. (PN9 or PN12) uPVC 
casing, with machine slotted liners (1 mm aperture) over the bottom 12 m of the 
hole; 

• Temporary surface casing was removed; 

• All bores were developed for 30-60 minutes; drilling muds were not used during 
drilling; and, 

• A concrete plinth was installed at surface and a lockable steel headworks was 
installed over bore. 

Stage 2 Production Bore Construction 

Production bores were sited within 20-30 m of a prospective exploration bore as follows: 

• Stainless steel surface casing (263.5mm I.D. / 273.1mm O.D.) was installed to 
depths determined by the drilling contractor according to subsurface conditions; 
surface casing was fully cement grouted; 

• A 250 mm pilot hole was drilled to depths of 3-4 m below the water table as 
determined from the exploration bore; 

• Drill return samples were laid out in 1 m intervals and logged by a senior 
hydrogeologist to the Australian Standard AS1728-1993; 

• A downhole geophysical survey was undertaken prior to casing of the hole; 

• The hole was cased to full depth with 154 mm I.D. / 168mm O.D. (6”) PN9 uPVC 
casing, with machine slotted liners (1 mm aperture) set between 2 to 4 m below 
the water table and a 1 m blank pump sump beneath the screened interval; 

• Where required, over-drilling was backfilled with bentonite pellets, and the annulus 
around the pump sump was also backfilled with bentonite pellets; 

• The annulus was backfilled with either 1.6 - 3.2 mm or 3.2 – 6.4 mm graded gravel 
to 6 m below surface; 

• Cement grout with 5% bentonite filled the annulus from 6 m to ground level. 

• All bores were developed for 3 – 8 hours; airlifting was difficult due to little saturated 
thickness in each bore and final bore development was invariably completed by 
pumping during the pump test; and, 

• A concrete plinth was installed at surface and a lockable steel headworks was 
installed over bore. 
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Figure 5-1: Location of monitoring and production bores within the 
Lighthouse borefield
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Table 5-1: Bore construction summary details 
Bore Easting 

GDA ‘94 
Northing 
GDA ‘94 

Bore Type Constructio
n Date 

Depth 
(m) 

Blank casing (m) Slotted 
casing (m) 

SWL 
(mbtoc) 

CRT Pump 
Rate (L/s) 

EC 
(mS/cm) 

LH01M 200801 7582754 Monitoring 20/08/2020 54 0 - 41.5 41.5 – 53.5 30.83 0.5 30.3 
LH02M 200425 7582770 Monitoring 20/08/2020 72 0 - 41 41 - 71 41.47 0.5 40.6 
LH03M 200092 7582795 Monitoring 21/08/2020 66 0 – 50.5 50.5 – 65.6  50.90 0.5 28.6 
LH04M 200616 7583798 Monitoring 22/08/2020 56 0 - 41 41- 53 43.14 0.5 23.1 
LH05M 200277 7583036 Monitoring 22/08/2020 60 0 - 47 47 - 59 47.59 0.5 32.4 
LH06M 200735 7584041 Monitoring 23/08/2020 54 0 – 41 41 – 53 39.22 0.5 40.6 
LH07M 200611 7583511 Monitoring 16/08/2020 65 0 – 41 41 - 59 46.34 0.5 29.8 
LH08M 201004 7584498 Monitoring 24/08/2020 48 0 - 36 36 - 48 35.39 0.5 36.1 
LH04P 200620 7583776 Production 03/09/2020 47.8 0 – 43.5, 46.5 – 47.5 43.5 – 46.5 43.31 0.5 15.84 
LH06P 200728 7584023 Production 25/08/2020 44 0 – 37.7 37.7 – 43.7 38.26 0.5 17.16 
LH07P 200619 7583530 Production 02/09/2020 50.7 0 – 46.32 46.32 – 50.32 46.42 0.5 22.2 
LH08P 200990 7584487 Production 12/09/2020 39.9 0 – 35.6 35.6 – 38.6 35.39 0.5 2.1 
LH09P 200914 7584277 Production 12/09/2020 41.8 0 – 37.5, 40.5 – 41.5 37.5 – 40.5 37.71 0.5 6.4 
LH10P 201006 7584389 Production 20/09/2020 39.5 0 – 36.15, 38.15 – 39.15 36.15 – 38.15 36.23 0.5 2.94 
LH11P 200697 7583921 Production 23/09/2020 44.6 0 – 41.34, 43.34 – 44.34 41.34 – 43.34 41.43 0.5 7.55 
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5.2  Pump Testing  

Given the bore constructions were designed for ‘groundwater sipping’ to minimise water 
quality variations, the pump testing differed from other hydrogeological investigations 
insofar as each bore was pumped at a constant rate of 0.5 L/s for 48-hours. Monitoring 
bores were monitored for changes in water level, temperature, salinity and pH over time 
using a combination of manual readings and automated data loggers.    

Drawdown levels during the constant rate tests were too low for conventional pump test 
analysis. Instead, Table 5-2 shows aquifer permeability (hydraulic conductivity) 
parameters estimated from the Cooper Jacob distance drawdown method using 
observation bore levels.  Reference to the table shows that hydraulic conductivity varies 
between 12 and 90 m/day, with an average of 80 m/day.  

  Table 5-2: Cooper Jacob analysis of pump tests 
Bore 

ID Q (L/s) Obs 
radius Final drawdown (m) Delta S T 

Screen 
length K 

    m Prod Bore Obs Bore m m2/day m m/day 

LH04P 43.2 22 0.74 0 0.21 37 3 12 
LH06P 43.2 20 0.13 0.08 0.01 542 6 90 
LH07P 43.2 21 0.3 0.23 0.02 389 4 97 
LH08P 43.2 14 0.22 0.06 0.05 162 3 54 
LH09P 43.2 20 0.41 0.18 0.07 118 3 39 
LH10P 43.2 20 0.46 0.03 0.13 63 2 32 
LH11P 43.2 - 0.69 - 0   2   

The manually recorded salinity, pH, temperature and water level measurements taken 
during the test are plotted in Appendix D.  Reference to these plots show the following: 

• Groundwater temperatures were variable between each bore ranging from 27.8 to 
32oC, but temperatures remained more or less constant in each bore during the 
test; 

• Salinity levels gradually increased over time across all bores, but not significantly; 

• pH remained between 6.5 and 7.5;  

• Observation bores were at a distance of 20 – 25 m from the pumped bore and 
observations show the maximum drawdown was 0.23 m at 48-hours; and, 

• Given the water table is deep, it was not possible to gate back the flow to a 
constant low rate of 0.5 L/s at the start of each test, and therefore, it was necessary 
to start with a higher rate (up to 6 L/s) while pumping filled the column and water 
reached the gate valve. This resulted in an initial deeper drawdown in each test, 
followed by a recovery. Nonetheless, the maximum final drawdown in all pumping 
bores was less than 0.74 m (refer to Table 6-1). 
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5.3  Depth to the salt water interface  

In Section 5.2 the aquifer permeability range was estimated between 12 and 97 m/day, 
with a mean of 54 m/day.  

Glover (1964) describes an analytical approach for determining the depth to the salt 
water interface, based on the density contrast between the fresh water and sea water, 
the rainfall recharge rate and aquifer permeability (hydraulic conductivity).   Using 
Glover’s approach the depth to the salt water interface would be 20, 27, 57 m below the 
water table (equivalent to 61, 68 or 98 mbgl) based on permeabilities of 97, 54 and 12 
respectively, based on the following assumptions and bore characteristics: 

• there is no freshwater lense, as such, within the borefield; the better quality water 
is brackish to saline, ranging in salinity from 3,000 to 14,000 mg/L TDS (5 to 24 
mS/cm);  

• pilot hole drilling has shown the sea water interface is a broad transitional mixing 
zone rather than a discrete sharp boundary; and 

• the salinity in this deepest pilot hole at 71 mbgl was 24,000 mg/L (i.e. 29 m below 
the water table), compared with the measured sea water salinity of 33,200 mg/L; 

• the production water bores have been designed for groundwater sipping, and as 
such are only screened over the first 3 m below the water table;  

• horizontal flow rate per unit width of the aquifer can be calculated as the equivalent 
recharge rate over an aquifer profile aligning with a N-S flowline through the 
Lighthouse borefield to the coast at the Lighthouse resort (i.e. coinciding with the 
groundwater divide on the Cape Range Peninsula); 

• The average rainfall recharge rate in the Cape is about 10% of the total annual 
rainfall, or 25 mm /year; and 

• The density of the brackish water lense (ρf) and salt water  (ρs) is 1.003 kg/L and 
1.033 kg/L respectively.   

Based on these results, bulk permeability of the limestone aquifer that best matches the 
apparent depth of the salt water interface (30 to 40 m below the water table) would be 
would be with lower end of the range in Section 5.2, being between 12 and 54 m/day.  
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5.4  Laboratory Water Quality Analyses  

At the end of each 48-hour pump test, a water sample was collected and sent for 
laboratory analysis to test for pH, electrical conductivity (EC), total dissolved solids 
(TDS), ionic balance, turbidity, true colour, major ions, selected nutrients and metals 
(Appendix E); a total of seven (7) samples were collected and laboratory tested.  

Table 5-3 summarises laboratory EC, TDS and pH measurements from each production 
bore. The salinity in the seven production water bores varies from 3,000 to 14,000 mg/L 
TDS, being equivalent to 4,900 to 21,300 uS/cm. Figure 5-2 plots the relationship 
between EC vs TDS, which illustrates a linear relationship of 1 uS/cm equivalent to 0.61 
mg/L.      

Table 5-3: Laboratory EC, pH and TDS measurements 

Bore Number pH 
EC  TDS  

(µS/cm) (mg/L by evap.) 
LH04P 7.3 15,200 9,400 
LH06P 7.4 11,600 7,000 
LH07P 7.3 21,300 14,000 
LH08P 7.3 4,900 2,900 
LH09P 7.4 8,070 4,700 

LH010P 7.3 7,250 4,400 
LH011P 7.3 10,200 6,300 

 

 

 

Figure 5-2: Relationship between EC and TDS 
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6.  BOREFIELD DEVELOPMENT PLAN 

Figure 5-1 shows the Project borefield, which comprises a total of eleven (11) production 
water bores, including four (4) equipped existing bores on Lot 2, plus seven (7) new 
production bores constructed within the Work Area on the east side of the Cape Range. 
The proposed borefield development plan would be as follows: 

• All existing and new bores would deliver raw groundwater to the main raw water 
storage tank farm on Lot 2 of the Lighthouse Resort via two collector mains. 
Water from the tank farm would in turn feed the RO water treatment plant;  

• All bores would be equipped to deliver nominal yields of 0.5 L/sec;    

• A float control on the raw water tank would send automatic calls to turn on/off 
each bore pump, with bore calls being rotated on a roster system, with the total 
number of bores activated at any one time being dependant on the drawdown 
water level in the tank farm; 

• During the seven-month peak tourist season (1 April to 31 October), the borefield 
would be operated to deliver a peak capacity of 259 kL/day to provide 181 kL/day 
of potable water; and 

• During the low season (1 November to 30 March), the borefield would be 
operated to deliver an average of 108 kL/day to provide 73 kL/day of potable 
water. 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ZIZ Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

                                                                                                     Page 29                                                           2255 Rev 3: 4 February 2021 

7.  ENVIRONMENTAL IMPACT ASSESSMENT 

The Project borefield has increased from the four (4) equipped bores on Lot 2, to a total 
of eleven (11) equipped bores including the addition of the seven (7) new bores along 
the eastern edge of the Cape Range. 

The borefield would be used to provide a base load of 292 kL/day, and a peak of 520 
kL/day during the high tourist season (1 April to 31 October) each year and would be 
rested over the off-season, which coincides with the northern wet season.  

Saline groundwater abstraction for the Project would be increase from 32,000 kL/year 
to 75,000 kL/year after completion of the Project.  

Using the Cooper Jacob Method, the maximum possible extent of drawdown impact 
around the borefield is calculated to be 370 m from the bores, with a maximum 
drawdown at each production bore ranging from 0.4 to 0.6 m based the assumption that 
each bore is continuously pumped at the peak rate of 0.5 L/s for the entire high season 
(210 days); and that the aquifer has an average transmissivity of 80 m2/day and specific 
yield of 20%.   

The brackish to saline water quality in the immediate vicinity of the production bores 
(3,000 to 14,000 mg/L) is expected over the course of the high season as better-quality 
groundwater is sipped from the water table. However, the water quality will replenish 
seasonally with mixing of seasonal recharge from the Cape Range.    

The perceived environmental and social impacts that could potentially arise from the 
expansion of the Project borefield are as follows:  

• Environmental values – groundwater dependent ecosystems; 

• Economic values – other groundwater users; and 

• Social values – Aboriginal heritage. 

The following sections discuss these potential impacts. 
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7.1  Groundwater Dependent Ecosystems 

Groundwater dependent ecosystems (GDE) are biological assemblages that use 
available groundwater, or surface expressions of groundwater, either opportunistically 
or as their primary water source. GDEs are classified into three board categories, aquatic 
(e.g. wetlands), terrestrial (e.g. woodlands) and subterranean fauna (e.g. stygofauna), 
all of which have water requirements associated with water quality and quantity. In 
general, groundwater abstraction has the potential to adversely impact the health and 
diversity of GDEs that occur with the drawdown zone caused by continued abstraction.  

Several open source databases were reviewed to identify the existence of GDEs within 
5 km of the new borefield. The Australian National Map database was reviewed to 
identify RAMSAR listed wetlands i.e. nationally important aquatic GDEs, and the Bureau 
of Meteorology (BoM) and the Department of Biodiversity, Conservation and Attractions 
(DBCA) databases were reviewed for all GDE types.   

7.1.1  Aquatic and terrestrial GDEs 

A review of these databases shows that there are no RAMSAR listed wetlands or 
terrestrial GDEs within the drawdown impact area and indeed no listed wetlands within 
a 5 km radius of the Project. Therefore, there will be no impact on these GDE types.  

7.1.2  Subterranean GDEs 

Subterranean fauna in Western Australia mostly occur in small underground voids, 
fissures or interstitial spaces across the broad landscape. Stygofauna, as opposed to 
troglofaunal, is recognised as the being the most likely subterranean fauna to be affected 
by groundwater change.  

Bennelongia (environmental consultants) have been engaged to conduct a 
subterranean fauna study of the Project borefield comprising a comprehensive desktop 
study and a field sampling program in accordance with the Environmental Protection 
Agency (EPA) guidance documents.  Sampling prior to this report has not been possible 
due to the construction of bores having only recently been completed in late September 
2020, and in line with EPA requirements, stygofauna sampling is to be undertaken 3 
months post disturbance i.e. drilling. 

Exmouth Peninsula is rich in stygofauna. Species of stygofauna recorded near to the 
borefield include the blind cave eel Ophisternon candidum, while the copepods 
Phyllopodopsyllus wellsi and Nitokra humphreysi have been collected on the western 
side of the range and the worm Enchytraeidae sp. B16 has been found at the tip of the 
peninsula. Other species that are likely to occur in the borefield if there is a suitable 
habitat are O. candidum and the other listed fish species Milyeringa veritas, as well as 
the shrimp Stygiocaris stylifera.  

The main determinants for stygofauna occurrence are depth to groundwater, salinity and 
suitability of habitat.  Depth to groundwater is important in its effect on groundwater 
recharge washing nutrients and carbon into the aquifer after rainfall, and therefore the 
unsaturated profile lithology and its control over vertical permeability are also important 
factors. The water table across the Project borefield varies from 30-50 m depth, which 
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in many West Australian settings is found to be sufficiently deep that it is unlikely to host 
a rich stygofauna community. However, across most of the Exmouth water supply 
borefield the water table varies from 33-54 m depth, while monitoring has found that a 
rich stygofauna community does occur, showing that there is a sufficient flux of nutrients 
and carbon in groundwater to support stygofauna in this setting. Therefore, it is 
concluded that the depth to water in the Project borefield may not exclude stygofauna 
occurrence. 

Most stygofauna species would be expected to tolerate the salinities found in the Project 
borefield, and it is therefore unlikely that groundwater salinity in the proposed borefield 
will constrain stygofauna occurrence. 

Suitability of habitat for stygofauna is often difficult to determine. Aquifers that are 
transmissive enough for a borefield will normally have sufficient interstitial spaces or 
voids to support stygofauna. Compared to the Water Corporation Exmouth borefield, the 
Project borefield has a significantly lower permeability, and therefore it is likely to also 
have less habitat suitable for stygofauna. Lower permeability is also likely to limit 
recharge of energy and nutrients relative to the Exmouth borefield area. It would appear 
that the Project borefield is a less suitable stygofauna habitat than much of the Exmouth 
Peninsula. 

A potential threat to subterranean fauna associated with development of the proposed 
borefield result from lowering of the water table which reduces the volume of habitat 
potentially available to stygofauna. With the projected maximum drawdown in the 
borefield of 0.4 to 0.6 m, this impact is minimal. The borefield lies in an area of extensive 
Tulki Limestone and listed stygofauna species that may occur in the borefield all have 
wide ranges on the peninsula, and it is unlikely that any species would have a range 
restricted to the vicinity of the borefield. It is therefore concluded that the threat of 
borefield operations to stygofauna conservation values is low. 

7.2  Other Groundwater Users 

Figure 7-1 shows the location of all licenced water bores within the vicinity of the Project.  
Reference to this figure shows that there are no third party bores within the projected 
drawdown impact area around the borefield.    

The closest registered bore for general water usage is greater than 5.5 km from the 
Project’s borefield (registered as a stock and domestic bore) and the closet borefield for 
water supply is the Department of Defence (DoD) borefield, located more than 6 km from 
the Project.  

In summary, the Project will have no impact on third party groundwater users. 

 

7.3  Aboriginal Heritage Sites 

The Exmouth region is known for its Aboriginal heritage significance, particularly across 
the Cape Range where heritage sites are registered. Where Aboriginal heritage sites 
are associated with the occurrence of water i.e. waterholes, groundwater abstraction 



 
 

ZIZ Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

                                                                                                     Page 32                                                           2255 Rev 3: 4 February 2021 

has the potential to adversely impact the water related site by reducing groundwater flow 
to the waterhole. 

Figure 7-1 shows the location of all registered sites of aboriginal heritage within the 
vicinity of the Project.   Reference to the figure shows that: 

• The nearest heritage site with water significance is located about 3 km southwest 
of the new borefield. This site is described as a water-source site within the Cape 
Range, but the site has not been visited during the current investigations; 

• One Registered Aboriginal heritage site, Vlamingh Head (DPLH site ID 10381 – 
ceremonial), is located immediately over the Lighthouse Holiday Park which 
includes the four existing bores on Lot 2, but does not include the seven new 
bores. This blanket site is described as being culturally sensitive containing 
sacred places of  ceremonial and mythological significance. The actual locations 
of sites are not publicly available; and, 

• In addition to a review of the registered sites, the Proponent also engaged an 
Aboriginal heritage survey of the investigation area in late 2019, comprising 
desktop and field study by representatives from NTGAC. During the survey, one 
artifact site was recognised (but not formally registered) of which for, a mitigation 
plan was developed to avoid the site by clearing a new access track (refer to 
Section 3). 

In summary, there are no heritage sites with water significance within the 
potential drawdown impact area around the borefield. The nearest site of water 
significance is 3 km away from the borefield and the Proponent has agreed to 
engage regularly with NTGAC with respect to groundwater abstraction and 
protection of this site. The Proponent has implemented a management plan to 
avoid impact on one identified artifact site in the borefield area.  
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Figure 7-1: Project borefield with GDEs, other water bores and Aboriginal 
heritage sites 



 
 

ZIZ Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

                                                                                                     Page 34                                                           2255 Rev 3: 4 February 2021 

7.4  Intergeneration values –up-coning of the salt water 
interface in the borefield 

In coastal aquifers, there is a risk that over-abstraction from production water bores may lead 
to up-coning of the salt water interface, causing the bore to go saline.  In some cases, this 
could potentially cause lasting local depletion of the fresh water lense.    

The Lighthouse borefield has some mitigating borefield design characteristics:    

• there is no freshwater lense, as such, within the borefield; the better quality water is 
brackish to saline, ranging in salinity from 3,000 to 14,000 mg/L TDS (5 to 24 mS/cm);  

• pilot hole drilling has shown the sea water interface is a broad transitional mixing zone 
rather than a discrete sharp boundary;  

• the production water bores have been designed for groundwater sipping, and as such 
are only screened over the first 3 m below the water table; and 

• the sea water interface was not intersected an any of the deep pilot holes and is 
therefore known to be a least 15 m below base of any of the production bore screens. 

Notwithstanding these limitations, the sensitivity of the depth to sea water interface verses 
aquifer permeability (hydraulic conductivity) are analysed using the Glover (1964) approach 
with the following parameters and assumptions:   

• horizontal flow rate (q) per unit width of the aquifer can be calculated as the equivalent 
recharge rate over an aquifer profile aligning with a flowline, of total length of about 
4,500 m (i.e. the North-South distance through the Lighthouse borefield to the coast, 
coinciding with the approximate position of the groundwater divide on the Cape Range 
Peninsula); 

• The average rainfall recharge rate in the Cape is about 10% of the total annual rainfall 
or 25 mm /year (6.8 x 10-5 m/day) which over the profile length of 4,500m gives a total 
flux q = 0.31 m3/day per m width; and 

• The density of the brackish water lense (ρf) and salt water  (ρs) is 1.003 kg/L and 1.033 
kg/L respectively.   

 

The risk of up-coning the salt water interface has been calculated using Bear & Dagan (1968) 
approach based on the following parameters and assumptions:  

• the hydraulic conductivity of the Tulki Limestone was calculated to be 100 m/day;  

• the limestone has a vertical anisotropy ratio of 1 in 10; 

• the effective porosity of the Tulki Limestone is 10%; 

• the salt water interface is at least 10 metres below the base of the production bore 
screens (this is conservative considering that the pilot hole drilling results show that 
the salt water interface is at least 15 m below the base of the bores); and 
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• all production bores would be continuously pumped at 0.5 L/sec through the tourist 
season. 

The results of the Bear & Dagan (1968) analysis suggest that the maximum salt water interface 
up-coning beneath the Lighthouse bores would be 2.3 m, giving an upconing ratio z/L is 0.23.   
This value is well below the threshold that Bouwer (1978) and Schmorak and Mercado, 1969 
consider a threat for up-coning to occur.  In other words, there is no risk that the abstraction 
from the Lighthouse bores would cause up-coning the salt water interface into the bores 
because the salt water interface is more than 10 m below the base of the wells and the bores 
are only screened to a maximum of 3 m below the water table.   

The position of the salt water interface is considered in Section 2.4.4 of the Report, while the 
risk of up-coning the salt water interface in the borefield is considered in Section 7.4 of the 
Report. 
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8.  CONCLUSIONS 

ZIZ Resorts Pty Ltd (the Proponent) purchased the Ningaloo Lighthouse Holiday Park 
in late 2018 and is seeking to redevelop it into an eco-resort in 2021. The Proponent 
currently holds groundwater licence GWL153728 to take 32,000 kL/year from the 
Exmouth North Saline Resource but is seeking to increase the saline water allocation to 
72,000 kL/year to produce 50,000 kL/year of potable water. The borefield would provide 
up to 259 kL/day during the peak tourist season (1 April to 31 October) and 108 kL/day 
during the low season (1 November to 31 March).  

At the time of the purchase, Lighthouse had four (4) existing equipped water bores on 
Lot 2, plus was receiving makeup water from the Department of Defence. In August 
2020 the Department of Water and Environmental Regulation granted the Proponent a 
26D permit CAW204525(1) to explore and develop seven (7) additional water bores in 
the Work Area along the eastern edge of the Cape Range, so that the Project could 
become fully self-sufficient for water. The new bores were completed between August 
and September 2020 and as part of the hydrogeological investigations, all bores were 
pump tested for 48hrs at 0.5 L/s, during which water quality parameters were monitored 
during the tests. 

The hydrogeological investigations reveal that the Tulki Limestone beneath the Property 
is a saline groundwater resource, with better quality (brackish to saline) groundwater 
(3,000 to 14,000 mg/L) at the water table, becoming more saline with depth. The highest 
measured salinity on the property was 24,000 mg/L from about 30 m below the water 
table, which is still less saline than seawater as measured at Exmouth during the 
program, being 33,200 mg/L.   All bores are screened a few metres beneath the water 
table such that they skim only the better-quality groundwater from the top of the water 
table.   

Seasonal borefield abstraction in the high season is likely cause groundwater salinity in 
the immediate borefield vicinity to increase marginally as better-quality groundwater is 
sipped from the water table. However, water quality would recover over the wetter 
season, when abstraction rates are minimal and when natural recharge over the Cape 
Range is at its highest.    

Groundwater abstraction over the high season is likely to cause a maximum discernible 
drawdown impact extending up to 370 m from the borefield, with the highest drawdown 
in each production bore ranging from 0.4 to 0.6 m.     

The perceived environmental and social impacts that could may arise from the 
expansion of the Project borefield are as follows:  

• Groundwater dependent ecosystems - Bennelongia (environmental 
consultants) have been engaged to conduct a subterranean fauna study of the 
Project borefield, which will comprise a comprehensive desktop study and a field 
sampling program in accordance with the Environmental Protection Agency 
guidance documents.  Sampling prior to this report has not been possible because 
the bores were only completed in late September 2020, and in line with EPA 
requirements, subterranean fauna sampling should ideally be undertaken 3 
months post disturbance.  Notwithstanding the above, the BoM database reveals 
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the presence of the ‘Cape Range Subterranean Waterways’, located 
approximately 4 to 5 km northeast of the Project; 

• Other groundwater users – the Project would have no impact on other 
groundwater users because there are no other users within the drawdown impact 
area; indeed, the nearest third-party bore is more than 5 km away from the Project; 
and 

• Aboriginal Heritage – the Project would have no unacceptable impacts on 
aboriginal heritage values because there are no sites with water significance within 
the drawdown impact area; the nearest site of water significance is 3 km away and 
the Proponent has agreed to engage regularly with the Nganhurra Thanardi 
Garrbu Aboriginal Corporation (NTGAC) with respect to groundwater abstraction 
and protection of this site; and the Proponent has implemented a management 
plan to avoid impacts to one identified artifact site within in the borefield area.  
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Ecological Flora and Fauna Survey 
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Bore Log Completion 
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Pump Test Field Results 
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Appendix E 

Water Quality Results 
 

Parameters Units LH04P LH06P LH07P LH08P LH09P 
Laboratory Parameters      
Ion Balance % -2.6 -2.1 -3.7 -5.2 -2.8 
pH pH_unit 7.3 7.4 7.3 7.3 7.4 
TDS (Evap) mg/L 9400 7000 14000 2900 4700 
Conductivity at 25C uS/cm 15200 11600 21300 4900 8070 
Turbidity NTU <0.5 <0.5 <0.5 <0.5 1.2 
Turbidity – After Filtration NTU <0.5 <0.5 <0.5 <0.5 <0.5 
True Colour TCU 1 2 1 1 <1 
Major Ions      
Calcium - Filterable mg/L 298 204 302 202 186 
Chloride mg/L 5170 3810 7800 1420 2590 
Fluoride mg/L 0.53 0.46 0.78 0.17 0.44 
Magnesium - Filterable mg/L 265 220 430 80.2 147 
Silica – SiO2 mg/L 47 26 41 19 32 
Sodium - Filterable mg/L 2690 2050 4010 689 1310 
Sulfate mg/L 590 490 990 330 270 
Bicarbonate – HCO3 mg/L 350 350 340 240 300 
Carbonate - CO3 mg/L <1 <1 <1 <1 <1 
Hydroxide - OH mg/L <1 <1 <1 <1 <1 
Nutrients       
Nitrate as NO3-N (Calc) mg/L 0.48 3.2 0.38 11 1.9 
Ammonia as NH3-N mg/L <0.010 <0.010 <0.010 <0.010 <0.010 
Potassium - Filterable mg/L 128 94.9 191 32.4 67.2 
Metals       
Aluminum - Total mg/L 0.007 <0.005 <0.005 0.007 0.068 
Arsenic – Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Barium - Total mg/L 0.086 0.068 0.076 0.073 0.065 
Beryllium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Boron - Total mg/L 1.4 1.1 2.1 0.47 0.73 
Cadmium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Chromium - Total mg/L 0.0007 0.0004 0.0007 0.0002 0.0005 
Cobalt - Total mg/L 0.0002 0.002 0.0005 0.0003 0.0003 
Copper - Total mg/L 0.0094 0.0018 0.0018 0.0021 0.0018 
Iron – Filterable  mg/L <0.005 <0.005 <0.005 <0.005 <0.005 
Iron - Total mg/L 0.008 0.005 <0.005 <0.005 0.039 
Lead - Total mg/L 0.0029 <0.0001 0.0008 0.0007 0.0006 
Manganese - Total mg/L 0.0023 0.087 0.011 0.021 0.029 
Molybdenum - Total mg/L 0.0009 0.0012 0.0013 0.0003 0.0004 
Nickel - Total mg/L 0.0057 0.0022 0.0021 0.003 0.0014 
Selenium - Total mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 
Silver - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Strontium - Total mg/L 3.4 2.7 5.2 1.1 2.1 
Tin - Total mg/L <0.0001 <0.0001 <0.0005 <0.0001 <0.0001 
Zinc - Total mg/L 0.057 0.009 0.011 0.009 0.01 
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Parameters Units LH10P LH11P 
Laboratory Parameters   
Ion Balance % -5.5 -3.4 
pH pH_unit 7.3 7.3 
TDS (Evap) mg/L 4400 6300 
Conductivity at 25C uS/cm 7250 10200 
Turbidity NTU <0.5 <0.5 
Turbidity – After Filtration NTU <0.5 <0.5 
True Colour TCU 1 <1 
Major Ions    
Calcium - Filterable mg/L 212 221 
Chloride mg/L 2300 3370 
Fluoride mg/L 0.3 0.41 
Magnesium - Filterable mg/L 123 173 
Silica – SiO2 mg/L 31 35 
Sodium - Filterable mg/L 1060 1730 
Sulfate mg/L 280 390 
Bicarbonate – HCO3 mg/L 270 330 
Carbonate - CO3 mg/L <1 <1 
Hydroxide - OH mg/L <1 <1 
Nutrients    
Nitrate as NO3-N (Calc) mg/L 3.8 1 
Ammonia as NH3-N mg/L <0.010 <0.010 
Potassium - Filterable mg/L 53.6 84.4 
Metals    
Aluminum - Total mg/L <0.005 <0.005 
Arsenic – Total mg/L <0.0001 <0.0001 
Barium - Total mg/L 0.062 0.066 
Beryllium - Total mg/L <0.0001 <0.0001 
Boron - Total mg/L 0.62 1 
Cadmium - Total mg/L <0.0001 <0.0001 
Chromium - Total mg/L 0.0004 0.0005 
Cobalt - Total mg/L 0.0003 0.0003 
Copper - Total mg/L 0.0016 0.0017 
Iron – Filterable  mg/L <0.005 <0.005 
Iron - Total mg/L 0.01 0.011 
Lead - Total mg/L 0.0004 0.0003 
Manganese - Total mg/L 0.025 0.02 
Molybdenum - Total mg/L 0.0002 0.0004 
Nickel - Total mg/L 0.001 0.0009 
Selenium - Total mg/L <0.0002 <0.0002 
Silver - Total mg/L <0.0001 <0.0001 
Strontium - Total mg/L 1.7 2.3 
Tin - Total mg/L <0.0001 <0.0001 
Zinc - Total mg/L <0.005 0.006 
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Copyright 
 

This report and the information contained herein is subject to copyright. No portion of this 
document may be reproduced or copied in any form without the written consent of the joint 
copyright holders, being the Gnulli people and their representative Yamatji Marlpa Aboriginal 
Corporation. 

Ownership of the intellectual property rights of the information provided by the Gnulli Native 
Title Claim Group native title representatives remains the property of those named 
representatives. 

© YMAC 2019 

 

Spatial data and GIS 
 

Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 
Positioning System device. The manufacturer states that these devices are accurate to within 
+/- 5 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 
[Zone 50].   
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 
and ethnographic work program clearance (WPC) survey completed on the Gnulli native title 
claim (WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 
NWR requested an archaeological and ethnographic WPC heritage survey of their proposed 
section 91 water bores. The project area and the completion status at the end of the survey is 
summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 
descendants of Aboriginal people from the Cape Range area. These representatives were 
nominated by the native title group based on the most current selection processes endorsed 
by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size Completion 
Status Request 

Water Bores 
5.95 ha 

 

Partially 
complete 

Archaeological and anthropological work 
program clearance survey 

 

2.1 Summary of results 
 

 Water Bores and the associated access track as defined in the original request are 
partially clear for the stated works to proceed. The eastern end of the southern access 
track was truncated to end at Water Bore target number LH 001 at the request of the 
proponent and the northern end of the access track has been amended in order to 
avoid a heritage site. Map 3 depicts the cleared areas; 

 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 
 The Work Program Clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of a Heritage Information Submission Form 
(HISF) to DPLH. 

The results of the archaeological and anthropological heritage survey are presented in section 
7 and map 3. Detailed recommendations and heritage considerations are presented in section 
8.  
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3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for 
new water bores and an associated access track to draw groundwater to supply the Ningaloo 
Lighthouse Holiday Park. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 
(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 
to request an archaeological and ethnographic WPC heritage survey over their proposed 
section 91 water bores project area. 

The archaeological and anthropological heritage survey was conducted within Temporary 
Reserve TR 70/2614. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 
areas. 
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Map 1: Section 91 water bores and access track 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 
proposed section 91 water bores. The spatial data was entered into the Department of 
Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage Enquiry System (AHIS) to identify 
any Registered Aboriginal sites, other heritage places (OHPs), prior surveys and associated 
reports relevant to the project area. Where applicable, unpublished heritage reports and 
relevant academic resources were also consulted. These site files and reports were requested 
from the DPLH and reviewed prior to mobilisation. The summaries of these reports are 
presented in section 6 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 
the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 
section 5 and section 39 of the AHA. These sites are added to the permanent register of 
Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 
assessed by the ACMC. While they are pending assessment they are entered onto the 
temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 
so disturbed that the heritage values are no longer present or places that have been 
assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified no Registered heritages sites or OHPs within the project area. 
There is one registered Aboriginal site within the vicinity of the water bores and associated 
access track (see map 2). Vlaming Head (DPLH ID 10381) is a place of sacred importance 
(Randolph et al 1986) that has a closed or obscured boundary on the DPLH public database 
because of cultural sensitivity. This site is linked to other sites of spiritual and ceremonial 
importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 
occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 
current survey area are a number of different site types. Shell middens have been located on 
the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 
paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 
Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 
such as that found near freshwater creeks and mangrove communities, which provide both 
aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 
eastern side of the peninsula but this may be the result of less systematic inspections on this 
side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 
Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 
Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 
by recreational use of the area (Morse 1984:1).  

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 
to the survey area and provides a deeper understanding of the cultural landscape. Prepared 
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by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 
“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 
neighbors of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 
an area roughly between Point Cloates and Quobba Point and inland to approximately Mia 
Mia. To their north were the Jinigudira and to the south the Maia. Probably during the latter 
portion of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 
pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 
elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 
like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 
them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 
Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 
kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 
Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 
local population in the 1800s or are considerably older, the sand dunes of the coast and 
Exmouth region have proved to be preferred burial places. The possibility of finding human 
remains in the vicinity of the project area would be reasonably high especially in the coastal 
dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 
history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 
that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded cultural heritage sites in the vicinity of Vlamingh Head. 
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4.1 Summary of DPLH registered Aboriginal sites 
 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH records this cultural place where Aboriginal people have attributed significant 
meaning to the limestone ridge of Cape Range which ends at its northern most point with 
Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu after the 
name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. This 
sacred place is now a registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 
polygon, overlaps the Ningaloo Lighthouse Holiday Park but not the proposed bore field. 
However, the actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 
including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 
a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 
Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 

4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 
consultation for an application under Regulation 10 of the AHA and a work program clearance 
survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 
descendants of the original informants, reiterated the importance of the DPLH ID 10381 
Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 
compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 
ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 
the survey conducted closest to the current project areas. The survey only covered an area of 
300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 
centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 
that cultural material had been found in red dune deposits similar to that found in the project 
area, but that these were approximately 1.5 km to the north and closer to the resources of the 
coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 
with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 
concluded that the inland areas appeared to have been used for gathering plant foods and 
hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 
relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 
sites in the area. The report also provides recommendations for the management of the sites 
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in relation to tourists visiting the region. This consultation was not exhaustive by the standards 
of today and should be revisited before any of the recommendations are implemented. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 
Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 
Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 
and recorded as a result of the fieldwork. The report contains historical renderings of rafts 
used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 
of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 
Vlaming Head is described in the report and the relationship between the site and the cape 
ranges is explained. 
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5 Survey areas 
The project area is located 17 km northwest of Exmouth at Vlamingh Head. It includes water 
bore targets and an associated access track. If successful the groundwater will be used to 
provide water for the proposed holiday park. 

Spatial information reveals the cultural topography for the area is dominated by two landforms: 
sand ridges up to 12 metres high east of the limestone ridge called Cape Range. The general 
area also contains evidence of previous disturbance such as multiple access tracks, numerous 
bores, windmills and wells, small mines and sewerage treatment ponds for the holiday park. 

 

5.1 Section 91 Water Bores and Access Track 
The proposed bore field is approximately two km south of the existing holiday park and access 
is gained to the area via a surviving dirt track. It is intended that this track and the proposed 
tracks linking the individual bore targets will be upgraded prior to the drilling project. Although 
it appears that the drill targets on the east west lines are on previously existing tracks, these 
alignments are overgrown and poorly defined. The north south running track is in better 
condition and was easily navigated in 4WD vehicles. 

Seven drill targets and 2.77 km of vehicle track comprised the planned water bore survey. The 
proposed track upgrade corridor as defined is 20 m wide and is centred on the existing 
alignments. During the survey the eastern end of the southern access track was truncated to 
end at Water Bore target number LH 001 at the request of the proponent. Prior to the survey 
each bore target was given a 20 m radius to allow for clearing and the establishment of a drill 
pad but this radius was increased to 25 metres following a discussion on site regarding the 
drilling process.  

The proposed water bores are located on the Tulki limestone above an aquifer from which 
NWR intend to draw groundwater. This fresh groundwater is thickest or deepest towards the 
centre of the peninsula and in order to gain access to this level of water the bores are located 
inland. In these areas the surface of the landscape consists of red dunes and elevated 
sandplains. To the west are the limestone ranges and the nearest stretch of coastline is 
adjacent to the holiday park, 2.5 km to the north. The vegetation consists of spinifex (triodia 
sp), shrubs and small trees (Banksia sp). 
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Plate 2: Looking east along the southern water bore access track. 
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6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 
During the brief the heritage team discussed the scope of works, proposed use of the land, 
and the WPC heritage survey methodologies. The Gnulli representatives had the opportunity 
to discuss, contribute to, and comment upon the proposed survey methodology and gave their 
consent to the WPC methodology. Field briefings were completed every morning to ensure 
ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 
debrief meeting the team discussed the results of the survey, sought feedback, and collected 
recommendations and considerations for the sites and project area from the Gnulli. 

WORK PROGRAM CLEARANCE 

The archaeological and anthropological heritage survey within the water bore target areas 
and access track was undertaken to a work program clearance heritage standard. These 
types of survey usually occur in the very early stages of project planning and exploration. WPC 
surveys occur when the proponent has identified the preferred location of the work program, 
usually a drill program. When heritage places are identified they are given a boundary and 
delineated as not clear. The consultant will then endeavour to provide an appropriate deviation 
around the site to allow the work program to continue. 

The minimum recording standards for YMAC WPC surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 
 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner representatives. It is expected that this 
will be noted in the report where it occurs along with an explanation of why the 
increased spacing was deemed necessary, accompanying photographs of the terrain 
and the names of the Traditional Owner representatives that endorsed the change of 
methodology; 

 Recording of outer lines or central lines using tracks on hand held global positioning 
system (GPS) devices with a minimum accuracy of +/- 5 m; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 
heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 
 On WPC surveys a deviation may be required by the proponent, these should provide 

a sufficient buffer around any heritage places; 
 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 
visibility and potential visitation by non-authorised persons. In this instance, the wishes 
of the Traditional Owner representatives supersede this standard; 

 Recording of survey progress by archaeologist / anthropologist using a field notebook; 
and 

 An appropriate photographic record of the survey. 
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6.1 Archaeological survey 

Water bore target areas and access track 

All of the survey areas were subject to a pedestrian inspection using a hand held GPS unit 
(Garmin GPS Map Datum WGS84 Zone 50) to follow the spatial data provided by the 
proponent. The access track survey corridor is 20 m wide and the entirety of this corridor was 
walked by the archaeologist and between two and six Gnulli representatives. Because there 
is an existing track that will be upgraded, the survey team flanked this alignment.  
Each of the seven water bore target sites were inspected as part of the track survey. When 
the party reached a water bore pad the individuals spread out to cover the 50 m wide area. 
 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 
participated and observed the Gnulli participants walking transects and locating artefactual 
material. The anthropologist discussed and recorded ethnographic comment and observations 
in a field notebook at the respective project areas and potential impact of proposed DBCA 
works with the Gnulli participants. This information and data was later analysed and 
conclusions drawn to formulate appropriate recommendations for cultural heritage 
management. Maps of the survey area were made available to the Gnulli participants during 
the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 
survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 
60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 
NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 
consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 
representatives. After a discussion of the proposed developments the group decided that the 
heritage survey would commence with the visit to the proposed bore field area. The YMAC 
anthropologist participated in the archaeological survey walking over the bore field project 
area discussing cultural issues with the Gnulli participants. 

The survey team travelled in 4WD vehicles along existing tracks south of the holiday park to 
the location of proposed bore drill pad LH003 where the survey team inspected the access to 
LH001 approximately 700 metres east. There were no finds of artefactual material and no 
cultural issues were raised by the Gnulli participants. The survey team travelled north along 
the existing tracks to inspect the remaining four drill pads and access with similar findings 
except where artefactual material was found at Section 91 Water Bores Avoidance Area One. 
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Plate 3: Looking west at Section 91 Water Bores Avoidance Area One 

This cultural material will be avoided by deviating the access track to the east. There was 
general ethnographic comment made about the effect of drilling into the water below the 
surface and the potential impact on nearby water-sources traditionally used by Aboriginal 
people. Concerns were raised in May 2019 by YMAC that pumping of groundwater may 
adversely impact water holes 3km south-west of the borefield (ref. Technical Memorandum 
2019). The memo authors concluded that the pumping rates would be too low to affect water 
holes on the other side of the ridge. Further concerns were raised by the Gnulli participants 
about unauthorised camping and trespass which has left campsite fireplaces and rubbish in 
the area. 

The survey concluded with a discussion about the proposed development and its potential 
impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 
the Baiyungu have an obligation and a right under native title and heritage to be respected 
and recognized as the custodians of this place and story and wish to work together with 
proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 
and control unauthorised access that might damage the place and upset the ancestors. The 
Gnulli representatives commented that these same ancestors protected and cared for the 
survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 
community. 
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7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey and consultation of the proposed section 91 water 
bores for NWR. The results are summarised in Table 2 and Map 3 below. The spatial data has been provided with the preliminary advice. A 
summary of the heritage place recorded to WPC standard is presented below.  

 

Table 2: Summary of results from GNU680-1 water bores and access track survey. 

Scope # 
/ Name 

Completion 
status 

Heritage places / 
areas 

DPLH Registered 
Aboriginal sites 

DPLH other heritage 
places Newly identified Aboriginal sites 

Water 
Bores Partially complete One not clear area N/A N/A Section 91 Water Bores 

Avoidance Area One 
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Map 3: Water bore targets and access track surveyed areas. 
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7.1 Newly identified heritage sites 
 

One cultural heritage site was identified within the proposed section 91 water bores access 
alignment and was recorded to WPC level. An alternate alignment for the proposed water bore 
track was defined in order to avoid and protect the area of cultural material. The alternate route 
was placed to avoid both the site and a longitudinal sand dune to the east. It reconnects to the 
northern end of the proposed alignment within a disturbed quarry area. 

7.1.1 Section 91 Water Bores Avoidance Area One – artefact scatter 

This is a scatter of stone artefacts that was revealed in a section of the existing track. It is 
located at the northern end of the proposed alignment where the track skirts the eastern end 
of the ranges. North of this the track descends into the existing quarry area. 

Site boundary 

The site boundary was defined to encompass all visible artefacts within the track area and on 
the undisturbed sand plain above. A suitable buffer to account for GPS accuracy was included 
on the southern, northern and eastern sides. The western boundary of the site was not 
assessed during this survey and it is assumed that it extends into the limestone range and the 
drainage valley beyond the area currently defined for the scatter. This section of the border is 
depicted as a straight line and is not indicative of a proved boundary. As it is delineated the 
boundary will be sufficient as the current activity will be within the existing access track and to 
the east of the site. If any work is proposed to the west of the site the boundary will have to be 
revisited as it is possible that it extends westward into the ranges. 

Environmental context 

The cultural material is situated at the southern margin of the entrance to a drainage valley 
within the ranges. This is a well-defined drainage line that cuts through the ranges and empties 
onto the sandplain at this point. It is probable that the water descending through this valley 
runs onto the track and has created the washout where the cultural material was identified. In 
this section of the track the soil has washed away revealing limestone from the ranges 
beneath. 

The area immediately surrounding this section of the track appears to be better watered as 
there are more trees, including Eucalypt species, than on the surrounding sand plain. Spinifex 
dominates the vegetation on the plain between the ranges and the sand dune to the east. 

Description 

The scatter consists of quartzite and silcrete flakes and one rotated quartzite core. None of 
the flakes are primary flakes although most are broken, which may be due to damage from 
vehicles using the track. The highest density encountered during recording was three artefacts 
per square metre, although this was within the track and it is possible that the concentration 
was due to damage from vehicles and water scouring. One transversally broken flake was 
found on the plain above the track but it is possible that there are more present that are 
obscured by vegetation. 

These are the remains of an occupation site located near the resources of both the ranges 
and the plain and the water that drains seasonally through the valley. Freshwater would have 
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drained past the site during the wet season and game and plant resources (see Przywolnik 
1998:9) would have been available in both the ranges above and on the plain to the east.  

On the western coastal side of the ranges, larger sites are typically found in areas adjacent to 
freshwater creeks and the resources of the mangrove communities (Murphy et al 1995:9). On 
the eastern side of the ranges fewer sites have been recorded and this could be due to less 
resources available on the plain but may also be the result of less surveys conducted in this 
area (Morse et al 1990:2). Certainly during this survey no cultural material was encountered 
on the plains and dunes to the east of the ranges. 

Site condition 

The site is bisected by an existing track, which has cut into the sand plain and attracted water 
erosion from seasonal rainfall draining from the ranges. This disturbance has had an impact 
on a section of the site, but not all of it, and has served to reveal or deposit some artefacts 
that might have been obscured by sediment. The track is in current use for access to the bore 
field and other areas to the south.  

As a result of this recording, NWR plan to move the alignment of the track to the east to avoid 
the site. If this occurs and the new alignment becomes the preferred track then the sand plain 
and vegetation should reclaim the area of the site that is within the track. To this end it would 
be preferable that access to this section of the track is blocked with windrows or similar, and 
only the new track be used. The area of the track within the site should not be subject to 
rehabilitation efforts as this will cause more disturbance. 

Importance and significance 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2b) 
of the AHA. The Gnulli representatives present during the recording of the site were adamant 
that the site be protected as evidence of the activities of their ancestors. Gavin Parfitt and 
William Shea were walking the transect that intersected with the site and identified the first 
artefacts. These were thought to be isolated but it transpired that the artefacts are part of a 
larger scatter. Gavin was concerned that measures are implemented for the protection of the 
site and Dalton Dickerson expressed concern that potential sub surface deposits surrounding 
the track be preserved. 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2c). 
Artefact scatters are a relatively common site type within the Exmouth region. Of the 
Registered sites identified within the Shire of Exmouth 20% are artefact scatters and a further 
59% of the recorded sites have an artefact scatter component. The majority of these sites, 
however, have been recorded within the ranges or on the west side of the peninsula adjacent 
to the resources of the coast (Morse et al 1984:8; Murphy et al 1995:9; Morse et al 1990:2). 
The presence of a habitation site within an area that is not in proximity to the coast and is not 
within the ranges, has the potential to answer questions about the past use of the plain within 
the cape area (Przywolnik 1998:9). 
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Plate 4: Looking north toward Section 91 Water Bores Avoidance Area One. 

 

Plate 5: Looking south over the track through Section 91 Water Bores Avoidance Area One. A 
limestone base is visible in the lower surface of the track. 
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Plate 6: Section 91 Water Bores Avoidance Area One artefact one 

 

Plate 7: Section 91 Water Bores Avoidance Area One artefact two 
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Plate 8: Section 91 Water Bores Avoidance Area One artefact three 

 

 

7.2 Reassessed heritage sites 
One previously recorded heritage site was the subject of the ethnographic consultation. ID 
10381 Vlaming Head is not within the Section 91 area but those consulted were concerned 
about indirect disturbance to the site from the water bores. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 
Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 
the ranges reaches the ocean. Access to power is gained at this location to protect the cape 
region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 
the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 
Head, fears are held by the representatives for the safety of the area and their people if the 
importance of the site is not observed. As the groundwater is important in the sacred 
narratives, the Gnulli representatives raised concerns regarding the drawing of water from 
bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 
Aboriginal traditional law to be respected and recognized as the custodians of this place and 
mythological story and wish to work together with visitors to protect and care for this place, 
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raise awareness of Inagudura culture and control unauthorised access that might damage the 
place and upset the ancestors.  

7.3 Summary of Surveys 
 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 
 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 
 Given the importance of the groundwater in the sacred narratives of the region, the 

Gnulli representatives raised concerns regarding the drawing of water from bores on 
the Cape; 

 Gnulli representatives requested that the proponent meet with elders and senior 
members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 
who were unable to attend the heritage survey to discuss mitigative strategies and the 
ongoing relationship with the relevant native title holders. 
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8 Recommendations and considerations 
An archaeological and ethnographic WPC heritage survey of the proposed section 91 water 
bores for NWR is now complete. The proposed works are partially cleared to proceed subject 
to the following recommendations: 

1. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 
the water bore access track survey area and a deviation to avoid the site was 
identified and inspected for cultural material; 

2. The work program clearance level recording of Section 91 Water Bores Avoidance 
Area One is insufficient for the submission of an HISF to DPLH. 

3. It is advised that if human remains, skeletal materials that may be human, or materials 
that may belong to a human grave are discovered during activity within the cleared 
survey areas, NWR must follow the DPLH procedures and stop work immediately, and 
the materials and the area around them must be left undisturbed. The Western 
Australian Police must be informed immediately as well as Gnulli traditional owners, 
through their representative, YMAC, as soon as practicable. 

4. It is recommended that NWR employees and contractors executing the proposed 
works be informed of the contents of this report and their obligations under the AHA. 

5. It is recommended that NWR maintain discussions with the Gnulli people, regarding 
any future matters that may arise in relation to the areas surveyed, including any further 
proposed excavation or ground disturbance activities or access to uncleared proximate 
areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 
on the Cape and would prefer that NWR implements a desalination process for their 
water use at the site. 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 
used to search the DPLH’s Register of Aboriginal 
Sites which records the location and other information 
concerning registered Aboriginal sites and other 
heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 
holders. These representatives are selected by the 
native title group via the most up to date selection 
process endorsed by the relevant committee of the 
Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 
title group in conjunction with suitably qualified 
heritage professionals (e.g. archaeologists and / or 
anthropologists), for the purpose of identifying and 
recording heritage sites and areas within a defined 
project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 
a site’ OHPs lodged OHPS are sites that have been 
reported to the DPLH but have not yet been 
assessed by the ACMC. While they are pending 
assessment they are entered onto the temporary 
register. ‘Not a site’ OHPs are sites which have been 
submitted to the DPLH and assessed by the ACMC 
as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 

 

 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
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Ecological Flora and Fauna Survey 
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M001 Exmouth Lighthouse Resort Borefield (Rev B) 

Name:  Daniel Griffin Date:  19 June 2020 

Company:  Minderoo  Job/Doc. No.:  JBS&G58909-130,188 

Email:  dgriffin@mindaroo.com.au Inquiries:  Tristan Sleigh 

Exmouth Lighthouse Resort Borefield – Ecological Survey Report 

1. Introduction and Scope 

North West Resorts Pty Ltd (the Client) are progressing their development of the Exmouth 
Lighthouse Resort. To support this development, a borefield is required to be constructed. To enable 
the construction, vegetation clearing is required for both the bore sites and access tracks. 

The Client has engaged Strategen JBS&G to undertake a flora and vegetation survey within the 
proposed borefield area (Figure 1). Specifically, the outcomes of the work will to support the Native 
Vegetation Clearing Permit Application to be submitted under Part V of the Environmental 
Protection Act 1986 (EP Act). 

This memorandum presents the findings of the ecological survey. 
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2. Context 

2.1 Legislative context 

Flora and fauna in WA are protected formally and informally by various legislative measures, which 
are as follows: 

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) – Australian 
Government 

• Biodiversity Conservation Act 2016 (BC Act) – State  

• Environmental Protection Act 1986 (EP Act) – State 

• Biosecurity and Agriculture Management Act 2007 (BAM Act) – State.  

A short description of each legislative measure is given below.  

2.1.1 EPBC Act 

The EPBC Act aims to protect Matters of National Environmental Significance (MNES). Under the 
EPBC Act, the Commonwealth Department of the Environment and Energy (DEE) lists protected 
species and Threatened Ecological Communities (TECs) by criteria set out in the Act. Species are 
conservation significant if they are listed as Threatened (i.e. Critically Endangered, Endangered and 
Vulnerable) or Migratory.  

2.1.2 BC Act 

DBCA lists taxa (flora and fauna) under the provisions of the BC Act as protected and are classified as 
according to their need for protection. The BC Act makes it an offence to ‘take’ threatened species 
without an appropriate licence. There are financial penalties for contravening the BC Act. 

2.1.3 EP Act 

Threatened flora, fauna (and significant habitat necessary for the maintenance of indigenous fauna) 
and Threatened Ecological Communities (TECs) are given special consideration in environmental 
impact assessments and have special status as Environmentally Sensitive Areas (ESAs) under the EP 
Act and the Environmental Protection (Clearing of Native Vegetation) Regulations 2004. Exemptions 
for a clearing permit do not apply in an ESA. 

2.1.4 BAM Act 

The BAM Act provides for management and control of listed organisms, including introduced flora 
species (weeds). Species listed as declared pests under the BAM Act are classified under three 
categories:  

• C1 Exclusion: Pests assigned under this category are not established in Western Australia, 
and control measures are to be taken to prevent them entering and establishing in the State. 

• C2 Eradication: Pests assigned under this category are present in Western Australia in low 
enough numbers or in sufficiently limited areas that their eradication is still a possibility. 

• C3 Management: Pests assigned under this category are established in Western Australia, 
but it is feasible, or desirable, to manage them in order to limit their damage. Control 
measures can prevent a C3 pest from increasing in population size or density or moving from 
an area in which it is established into an area that is currently free of that pest.  

Under the BAM Act, land managers are required to manage populations of declared pests as 
outlined under the relevant category. 
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3. Survey Methods 

3.1 Desktop assessment 

Database searches were undertaken to produce a list of vascular flora, vertebrate fauna, and 
Threatened and Priority ecological communities previously recorded within, and nearby the Survey 
Area – with an emphasis on species and communities of conservation significance and introduced 
species (Table 1). Database searches were conducted within a 40km buffer of the Survey Area to 
ensure an accurate representation of the surrounding ecosystem was captured.  

Table 1: Database searches conducted for the desktop assessment 
Custodian Database Taxonomic group Buffer 

DBCA NatureMap Flora and Fauna 40km 

DAWE Protected Matters Search 
Report 

Flora and Fauna, Ecological 
Communities 

40km 

DBCA Threatened and Priority 
Flora 

Flora 40km 

DBCA Threatened and Priority 
Ecological Communities 

Ecological Communities 40km 

3.2 Field assessment 

3.2.1 Flora and vegetation 

The field survey of the Exmouth Lighthouse Resort Borefield was conducted by one ecologist from 
Strategen JBS&G on 13 June 2020. The survey was conducted in accordance with guidelines provided 
in Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment (EPA 
2016) and is suitable to support native vegetation clearing permits. 

A reconnaissance flora and vegetation survey was conducted across the site, with a targeted flora 
survey within areas likely to support conservation significant flora species. 

Flora and vegetation was described and sampled systematically at each survey site (relevé) and 
additional opportunistic collecting were undertaken wherever previously unrecorded plants were 
observed. At each site, the following floristic and environmental parameters was noted: 

• GPS location. 

• Topography. 

• Soil type and colour. 

• Outcropping rocks and their type. 

• Percentage cover and average height of each vegetation stratum. 

For each vascular plant species, the average height, number of plants and percent cover was 
recorded. Between relevé locations, opportunistic observations were also recorded. These 
observations included: 

• Changes in vegetation structure and composition. 

• Changes in vegetation condition. 

• Taxa not previously recorded. 

• Flora of conservation significance. 

• Significant weed populations. 

All plant specimens collected during the field surveys were identified using appropriate reference 
material or through comparisons with pressed specimens housed at the Western Australian 
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Herbarium where necessary. Nomenclature of the species recorded is in accordance with Western 
Australian Herbarium (1998-). 

Data was grouped into a species by site matrix to delineate individual vegetation types (VTs) present 
within the survey area. Aerial photography interpretation and field notes taken during the survey 
will then be used to develop VT mapping polygon boundaries over the survey area. These polygon 
boundaries will then be digitised using Geographic Information System (GIS) software. 

Vegetation condition was recorded at all quadrats, and also opportunistically within the survey area 
during the field assessment where required. Vegetation condition was described based on the scale 
developed by Trudgen (1988) and modified and adapted as presented in the Technical Guidance 
(EPA 2016). Vegetation condition polygon boundaries were developed using this information in 
conjunction with aerial photography interpretation and digitised as for vegetation type mapping 
polygon boundaries. 

The targeted survey traversed habitat within and adjacent to the clearing application area with 
potential to support conservation significant flora species. Any conservation species identified were 
recorded population density and extent mapped. Tracks recorded during the survey are shown in 
Figure 2.   
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4. Results 

4.1 Desktop Assessment 

4.1.1 Landsystems 

The project area occurs within the Range System and can be described as ‘Dissected limestone 
plateaux, hills and ridges with gorges and steep stony slopes supporting hard spinifex, sparse shrubs 
and eucalypts.’ 

4.1.2 Vegetation 

Vegetation occurring within the region was initially mapped at a broad scale (1: 1 000 000) by Beard 
during the 1970s.  This dataset formed the basis of several regional mapping systems, including the 
biogeographical region dataset (Interim Biogeographic Regionalisation for Australia) for Western 
Australia (Department of the Environment and Energy, 2017), physiographic regions defined by Beard 
(1981). 

4.1.2.1 Beard (1990) Botanical Subdistrict 

The Survey Area occurs within the Carnarvon Botanical District of the Eremaean Province which is 
characterised by Acacia scrub and low woodland moving to tree and shrub steppe in the north (Beard 
1990). 

4.1.2.2 IBRA subregion 

IBRA describes a system of 89 ‘biogeographic regions’ (bioregions) and 419 subregions covering the 
entirety of the Australian continent (DEE 2017). Bioregions are defined on the basis of climate, 
geology, landforms, vegetation and fauna.   

The Survey Area occurs within the Cape Range IBRA subregion which within the project area is 
dominated by Acacia shrublands over Triodia on limestone (Acacia stuartii or A. bivenosa) and red 
dune fields (Kendrick and Mau 2002).   

4.1.2.3 Vegetation association mapping 

The Survey Area comprises one vegetation association (Shepheard et al. 2001). Percentage remaining 
of the vegetation association is provided in Table 2 (GoWA 2019a).  Within the local area (10km 
radius), 71% of the pre-European vegetation extent remains.  This excludes native vegetation still 
present contained within areas of Commonwealth Land. 

Table 2: Vegetation associations within the Survey Area 
Vegetation 
Association 

Description Current Extent Percent 
remaining in 
IBRA Region 

Percent 
remaining 
within local 
area (10km) 

662 Hummock grassland; shrub steppe; mixed acacia 
scrub & dwarf scrub with soft spinifex & Triodia 
basedowii 

282,125.59 99.64% 95% 

4.1.2.4 Threatened and Priority Ecological Communities 

Searches of the EPBC Act PMST and the DBCA TEC/PEC databases identified one TEC within the 
project footprint, the Camerons Cave Troglobitic Community listed as a Critically Endangered TEC by 
DBCA. 

Camerons Cave troglobitic community (obligatory cave inhabitants) is known only from Camerons 
Cave on the Cape Range peninsula. The community contains a unique assemblage of species, at least 
eight of which are known only from this location. Based on potential habitat, this community highly 
unlikely to occur within the project area. 
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4.1.3 Flora 

A desktop survey for Threatened and Priority flora that may potentially occur within the Survey Area 
was undertaken using NatureMap (Parks and Wildlife 2007-), the Western Australian Herbarium 
(Western Australian Herbarium 1998-), and the DAWE Protected Matters Search Tool (DEE 2017c) 
(Figure 3; Attachment A).  

Table 3 shows the Threatened and Priority flora potentially occurring within the Survey Area. The 
desktop assessment identified 17 Priority flora species that have been recorded in the local area. Of 
these, based on general habitat requirements (Table 3), four Priority 2, three Priority 3 and one 
Priority 4 flora species are considered to have potential to occur within the Survey Area: 

• Brachychiton obtusilobus (P4). 

• Corchorus congener (P3) 

• Daviesia pleurophylla (P2) 

• Eremophila occidens (P2) 

• Phyllanthus fuernrohrii (P3) 

• Stackhousia umbellata (P3) 

• Tephrosia sp. North West Cape (G. Marsh 81) (P2) 

• Verticordia serotina (P2). 

 
Table 3: Threatened and Priority flora potentially occurring within the Survey Area 
Taxa Conservation 

status 
Known habitat Potential to occur 

(based on desktop 
assessment) 

Potential to occur 
(post field 
assessment) EPBC 

Act 
BC Act 

Acanthocarpus rupestris nil P2 Slopes and gullies. Red 
sand/ limestone 

Unlikely based on 
habitat. 

Highly unlikely 

Calandrinia sp. Cape Range 
(F. Obbens FO 10/18) 

nil P2 Slopes and gullies. 
Skeletal limestone soil. 
On Red brown sandy 
clay loam in cracks 
between rock over 
limestone. 

Unlikely based on 
habitat. 

Highly unlikely 

Daviesia pleurophylla nil P2 Sand dunes Recorded Recorded 

Eremophila occidens nil P2 Orange/brown sand. 
Limestone ranges, 
dunes. 

Likely based on 
habitat 

Unlikely 

Harnieria kempeana subsp. 
rhadinophylla 

nil P2 Amongst limestone 
rocks, creek banks. 

Unlikely based on 
habitat 

Highly unlikely 

Tephrosia sp. North West 
Cape (G. Marsh 81) 

nil P2 orange-red to brown 
soil with limestone 
fragments, over 
limestone 

Possible based on 
habitat 

Unlikely 

Tinospora esiangkara nil P2 Pebbly orange-brown 
calcareous loam. 
Limestone outcrops or 
ridges, near creek bank. 

Unlikely based on 
habitat 

Highly unlikely 

Verticordia serotina nil P2 Red sand. Sand dunes. Likely based on 
habitat 

Unlikely 

Acacia alexandri nil P3 Limestone. Stony 
creeks, steep rocky 
slopes. 

Unlikely based on 
habitat 

Highly unlikely 
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Acacia startii nil P3 Calcareous loam with 
limestone pebbles. 
Stony hills & 
watercourses. 

Unlikely based on 
habitat 

Highly unlikely 

Corchorus congener nil P3 Sand, red sandy loam 
with limestone. Sand 
dunes, plains. 

Likely based on 
habitat 

Unlikely 

Eremophila forrestii subsp. 
capensis 

nil P3 Brown rocky soils, 
limestone. Ridges. 

Unlikely based on 
habitat 

Highly unlikely 

Grevillea calcicola nil P3 Limestone hilltops. Unlikely based on 
habitat 

Highly unlikely 

Phyllanthus fuernrohrii nil P3 Sandy soils on 
limestone. 

Possible based on 
habitat 

Unlikely 

Stackhousia umbellata nil P3 Sandy soils on 
limestone. 

Possible based on 
habitat 

Unlikely 

Brachychiton obtusilobus nil P4 Rocky limestone ranges, 
gorges, occasionally 
sandplains. 

Possible based on 
habitat 

Recorded 

Eremophila youngii subsp. 
lepidota 

nil P4 Stony red sandy loam. 
Flats plains, floodplains, 
sometimes semi-saline, 
clay flats. 

Unlikely based on 
habitat 

Highly unlikely 
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4.1.4 Vertebrate Terrestrial Fauna 

A desktop survey for Threatened and Priority fauna that may potentially occur within the Survey 
Area was undertaken using NatureMap (Parks and Wildlife 2007 and the DAWE Protected Matters 
Search Tool (Attachment A).  

Table 4 shows the Threatened and Priority fauna potentially occurring within the Survey Area. The 
desktop assessment identified nine Threatened and two Priority fauna species that have been 
recorded in the local area. Of these, based on general habitat requirements, no conservation 
significant fauna species are considered to potentially occur within the clearing application area. 

Table 4: Threatened and Priority fauna potentially occurring within the Survey Area 
Taxa Conservation status Known habitat Potential to 

occur EPBC Act BC Act 

Anilios splendidus nil P2 Heath over limestone (Parks and Wildlife 
2007) 

Unlikely based 
on habitat. 

Aprasia rostrata nil P3 Highly calcareous sandstone, the higher parts 
are rocky with other areas consisting of flat, 
dried mud, like the bed of a dried-up lake 

Unlikely based 
on habitat. 

Calidris ferruginea CR T Intertidal mudflats in sheltered coastal areas, 
such as estuaries, bays, inlets and lagoons, and 
also around non-tidal swamps, lakes and 
lagoons near the coast, and ponds in saltworks 
and sewage farms. 

Unlikely based 
on habitat. 

Charadrius leschenaultii VU T Feeding habitat occurs from the surface of wet 
sand or mud on open intertidal flats of 
sheltered embayments, lagoons or estuaries. 
Roosts occur on sand-spits and banks on 
beaches or in tidal lagoons. 

Unlikely based 
on habitat. 

Charadrius mongolus EN T Occurs in coastal littoral and estuarine 
environments. It inhabits large intertidal 
sandflats or mudflats in sheltered bays, 
harbours and estuaries, and occasionally 
sandy ocean beaches, coral reefs, wave-cut 
rock platforms and rocky outcrops. 

Unlikely based 
on habitat. 

Diplodactylus capensis nil T Limestone hills with spinifex and low shrubs 
and trees. 

Unlikely based 
on habitat. 

Falco peregrinus nil S Areas with granite outcrops and cliffs which 
are its preferred breeding habitat.  

Unlikely based 
on habitat. 

Numenius madagascariensis CR T Occurs in sheltered coasts, especially 
estuaries, bays, harbours, inlets and coastal 
lagoons, with large intertidal mudflats or 
sandflats, often with beds of seagrass. 

Unlikely based 
on habitat. 

Ophisternon candidum VU T inhabits subterranean caves, fissures and wells 
and is one of only two vertebrate animals 
known from Australasia that are restricted to 
either caves or groundwater. 

Unlikely based 
on habitat. 

Petrogale lateralis subsp. 
lateralis 

EN T Shelter under deep shade in rocky areas such 
as caves, cliffs, screes and rockpiles, and 
emerge at dusk to feed on grasses, forbs, 
shrubs and occasionally seeds and fruits.  

Unlikely based 
on habitat. 

Rhinonicteris aurantia VU T Roosts require caves in ironstone and siliceous 
formations. Foraging occurs near large 
watercourses, around rocky outcrop, gullies, 
gorges and over pools 

Unlikely based 
on habitat. 
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4.2 Field survey results 

All plants collected were taken under flora collecting permits listed in Table 5, pursuant to 
Regulation 62 of the Biodiversity Conservation Regulations 2018. 

Table 5: Personnel 
Name Role Flora collection permit 

Tristan Sleigh 
Senior Botanist 

Planning, fieldwork, plant identification, data 
interpretation and report preparation. 

FB62000128 (exp 08 Apr 2022) 

4.2.1 Flora 

A total of seven relevés were conducted during the survey resulting in identification of 31 taxa from 
11 families and 21 genera (Attachment B)).  

The most commonly recorded family was Fabaceae, which accounted for 32% of all taxa collected in 
the survey area, constituting 10 taxa and four genera.  

One of the 31 taxa could not be confirmed: Eremophila ?latrobei subsp. glabra. The lack of 
reproductive structure prevented confirmation of identification. This specimens is not considered to 
be a conservation significant taxa. 

4.2.1.1 Conservation significant flora 

Within survey area, two Priority flora species were recorded; Daviesia pleurophylla (P2) and 
Brachychiton obtusilobus (P2). Their locations and numbers recorded within the Survey area are 
presented in Table 6 and shown in Figure 4. 

Table 6: Priority Flora Species Locations 
taxa Population size mE (MGA50) mN (MGA50) Comments 

Brachychiton obtusilobus (P4) 1 200657 7583937 Located on eastern edge  of 
existing track 

Brachychiton obtusilobus (P4) 2 200611 7583944 Limestone hill 

Daviesia pleurophylla (P2) 12 (4 within proposed 
clearing application 
area) 

200696 7582768 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 1 (1 within proposed 
application clearing 
area) 

200511 7582951 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 5 (2 within proposed 
application clearing 
area) 

200469 7582943 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 22 (6 with proposed 
application clearing 
area) 

200068 7582795 All individuals located west of 
existing track 

Daviesia pleurophylla (P2) 18 200656 7583422 Dune crest 

4.2.2 Vegetation 

Within the Survey area, three vegetation types were recorded and mapped (Figure 4). The most 
dominant vegetation type recorded was type VT1 (61.33 ha which is 92.3% of the entire Survey area. 
This vegetation type can be described as open low shrubland of Grevillea stenobotrya and Banksia 
ashbyi over hummock grassland of Triodia angusta. Photographs of each vegetation type are 
provided in Attachment C. 
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Table 7: Description of vegetation types mapped within the Survey Area 

Code Vegetation types 
Dominant 
Landform 

Veg Cond Area (ha) 
% survey 
area 

Area within 
application 
area (ha) 

VT1 Grevillea stenobotrya and Banksia ashbyi 
open low shrubland over Triodia angusta 
hummock grassland 

Dune 
swale and 
crest 

Excellent; 
Very Good; 
Degraded 

61.33 92.32 4.14 

VT2 Corymbia hamersleyana open low woodland 
over Grevillea stenobotrya and Acacia 
bivenosa open shrubland over Triodia 
angusta hummock grassland. 

Dune 
swale 

Excellent; 
Very Good 

4.21 6.33 0.61 

VT3 Acacia bivenosa and Melaleuca cardiophylla 
low open shrubland over Triodia wiseana 
and Triodia basedowii open hummock 
grassland. 

Low 
limestone 
hill 

Excellent; 
Very Good 

0.18 0.27 0.00 

Cleared No vegetation present n/a n/a 0.72 1.08 0.56 

Total 66.43 100 5.31 

None of the vegetation associations mapped and described are listed as Threatened Ecological 
Communities (TECs) or Priority Ecological Communities (PECs). 

4.2.2.1 Vegetation Condition 

The average vegetation condition across the Survey area was Excellent (excluding existing tracks) 
(Figure 5).  A few small areas within the survey area were considered to be in a Degraded condition 
due to historical disturbance. These areas had reduced vegetation cover consistent with partial 
clearing. Overall, 95% of the Survey area was in excellent condition.  

4.2.3 Introduced and exotic taxa 

No introduced or exotic flora were found within the relevés within the Survey area. 
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5. Discussion 

The overall vegetation condition within the survey area was considered to be in excellent condition 
(with the exception of the cleared areas shown in (Figure 4). The vegetation within the survey area is 
consistent with the regional vegetation mapping (Shepheard 2001), and is considered to be well 
represented both locally and regionally. Only a small percentage of taxa were in flower at the time 
the survey was conducted, but most taxa were identifiable based on vegetative features. While this 
impacted the identification of some species, it did not affect the overall outcome of the 
reconnaissance survey, and did not prevent the identification of any conservation significant flora 
species. 

Two priority flora species were recoded within the Survey area. Daviesia pleurophylla (P2) was 
recorded at five locations within the Survey area, with a total of 58 individuals. Of these 13 (from 
four locations) are contained within the clearing application area.  Daviesia pleurophylla is known 
from 6 previous records over a range of 73km.  One of these records is shown to be occurring within 
the clearing application area.  This location was searched, and no specimens were located.  This 
record is 148 m to the east of a population recorded during the current survey.  Based on location 
and associated vegetation descriptions, this is likely to represent the same occurrence. 

Daviesia pleurophylla occurs on dune crests on red sand (FloraBase 2007-).  This habitat is well 
represented locally with approximately 3,600ha of this vegetation association occurring within a 
10km radius of the survey area.  Based on the large extent of suitable habitat it is likely that this 
species is present in other areas.  No population number data is publicly available for the known 
populations of Daviesia pleurophylla, preventing the assessment of impacts to total species 
numbers. The clearing application area intersects 22% of the local population of Daviesia 
pleurophylla. Of the five local populations recorded, four occur directly adjacent to previous clearing 
(tracks). This suggests that clearing activities are unlikely to have indirect impacts on this species. 

Brachychiton obtusilobus (P4) was recorded at two locations during the survey, with a total of three 
individuals.  This species was not recorded within the clearing application area.  Given this, no 
impact to this species from the proposed clearing will occur. 

6. Conclusion 

The key results and outcomes of the flora and vegetation survey were: 

• Three native vegetation types were mapped within the Survey area. 

• no TECs or PECs were recorded within the Survey area 

• no other significant vegetation was mapped within the survey area 

• two Priority flora species were recorded within the Survey area 

o 22% of the local population of Daviesia pleurophylla is located within the clearing permit 
application area. 
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Attachment A: Database Searches 
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Kingdom Species Records 
Animalia 88 2796 
Plantae 23 135   
TOTAL 111 2931   

Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

Animalia
1. 41323 Actitis hypoleucos (Common Sandpiper) IA

2. 25350 Aipysurus apraefrontalis (Short-nosed Seasnake) T

3. 44647 Anilios splendidus (splendid blind snake (North West Cape), blind snake (Milyering

Well))
P2 Y

4. 25634 Anous stolidus (Common Noddy) IA

5. 24992 Aprasia rostrata (Ningaloo worm-lizard, Monte Bello Worm-lizard) P3

6. 48573 Ardenna pacifica (Wedge-tailed Shearwater) IA

7. 25736 Arenaria interpres (Ruddy Turnstone) IA

8. 33905 Bamazomus subsolanus (Eastern Cape Range Bamazomus) T Y

9. 33906 Bamazomus vespertinus (Western Cape Range Bamazomus) T Y

10. 24161 Bettongia lesueur subsp. graii (Boodie (inland), Burrowing Bettong (inland)) X

11. 24779 Calidris acuminata (Sharp-tailed Sandpiper) IA

12. 24780 Calidris alba (Sanderling) IA

13. 24784 Calidris ferruginea (Curlew Sandpiper) T

14. 24788 Calidris ruficollis (Red-necked Stint) IA

15. 24789 Calidris subminuta (Long-toed Stint) IA

16. 24790 Calidris tenuirostris (Great Knot) T

17. 34034 Carcharias taurus (Grey Nurse Shark) T

18. 34031 Carcharodon carcharias (Great White Shark) T

19. 25335 Caretta caretta (Loggerhead Turtle) T

20. 25575 Charadrius leschenaultii (Greater Sand Plover) T

21. 25576 Charadrius mongolus (Lesser Sand Plover) T

22. 24378 Charadrius veredus (Oriental Plover) IA

23. 25336 Chelonia mydas (Green Turtle) T

24. 41332 Chlidonias leucopterus (White-winged Black Tern, white-winged tern) IA

25. 25346 Dermochelys coriacea (Leatherback Turtle) T

26. 34146 Diplodactylus capensis (Cape Range Stone Gecko) P2 Y

27. 33907 Draculoides brooksi (Northern Cape Range Draculoides) T Y

28. 33909 Draculoides julianneae (Western Cape Range Draculoides) T Y

29. 24084 Dugong dugon (Dugong) S

30. 25473 Eretmochelys imbricata (Hawksbill Turtle) T

31. 25342 Eretmochelys imbricata subsp. bissa (Hawksbill Turtle) T

32. 24043 Eubalaena australis (Southern Right Whale) T

33. 25624 Falco peregrinus (Peregrine Falcon) S

34. 24793 Gallinago stenura (Pin-tailed Snipe) IA

35. 47954 Gelochelidon nilotica (Gull-billed Tern) IA

36. 24481 Glareola maldivarum (Oriental Pratincole) IA

37. 48587 Hydroprogne caspia (Caspian Tern) IA

38. 34145 Indohya damocles (Cameron's Cave Pseudoscorpion) T Y

39. 24218 Leporillus apicalis (Lesser Stick-nest Rat) X

40. 25120 Lerista allochira (Cape Range Slider) P3

41. 25739 Limicola falcinellus (Broad-billed Sandpiper) IA

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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42. 30932 Limosa lapponica (Bar-tailed Godwit) IA

43. 25741 Limosa limosa (Black-tailed Godwit) IA

44. 24051 Megaptera novaeangliae (Humpback Whale) S

45. 24222 Mesembriomys macrurus (Golden-backed Tree-rat) P4

46. 34025 Milyeringa veritas (Cave Gudgeon, Blind Gudgeon) T

47. 25344 Natator depressus (Flatback Turtle) T

48. 33985 Nocticola flabella (Cape Range delicate cockroach, Cape Range Blind Cockroach) P4 Y

49. 24798 Numenius madagascariensis (Eastern Curlew) T

50. 24799 Numenius minutus (Little Curlew, Little Whimbrel) IA

51. 25742 Numenius phaeopus (Whimbrel) IA

52. 24497 Oceanites oceanicus (Wilson's Storm-petrel) IA

53. 41347 Onychoprion anaethetus (Bridled Tern) IA

54. 34038 Ophisternon candidum (Blind Cave Eel) T

55. 24060 Orcaella heinsohni (Australian Snubfin Dolphin) P4

56. 48591 Pandion cristatus (Osprey, Eastern Osprey) IA

57. 24142 Petrogale lateralis subsp. lateralis (Black-flanked Rock-wallaby, Black-footed Rock-

wallaby)
T

58. 24662 Phaethon lepturus (White-tailed Tropicbird) IA

59. 24663 Phaethon rubricauda (Red-tailed Tropicbird) P4

60. 24098 Phascogale calura (Red-tailed Phascogale, Kenngoor) S

61. 24382 Pluvialis fulva (Pacific Golden Plover) IA

62. 24383 Pluvialis squatarola (Grey Plover) IA

63. 34037 Pristis zijsron (Green Sawfish) T

64. 24233 Pseudomys chapmani (Western Pebble-mound Mouse, Ngadji) P4

65. 24236 Pseudomys fieldi (Shark Bay Mouse, Djoongari) T

66. 24715 Puffinus huttoni (Hutton's Shearwater) T

67. 24716 Puffinus pacificus (Wedge-tailed Shearwater) IA

68. 42358 Rhincodon typus (Whale Shark) S

69. 43368 Rhinonicteris aurantia (Orange Leaf-nosed bat) P4

70. 24115 Sminthopsis longicaudata (Long-tailed Dunnart) P4

71. 48107 Sousa sahulensis (Australian humpback dolphin) P4

72. 25640 Sterna dougallii (Roseate Tern) IA

73. 25642 Sterna hirundo (Common Tern) IA

74. 48593 Sternula albifrons (Little Tern) IA

75. 48595 Sternula nereis subsp. nereis (Fairy Tern) T

76. 33963 Stygiocaris lancifera (Lance-beaked Cave Shrimp) T

77. 33964 Stygiocaris stylifera (Spear-beaked Cave Shrimp) P4

78. 33967 Stygiochiropus isolatus (a stygiochiropus millipede (Cape Range), millipede) T Y

79. 33968 Stygiochiropus peculiaris (Cameron's Cave Millipede) T Y

80. 33969 Stygiochiropus sympatricus (a stygiochiropus millipede (Cape Range), millipede) T Y

81. 34007 Thalassarche chlororhynchos (Atlantic Yellow-nosed Albatross) T

82. 48597 Thalasseus bergii (Crested Tern) IA

83. 24803 Tringa brevipes (Grey-tailed Tattler) P4

84. 24806 Tringa glareola (Wood Sandpiper) IA

85. 24808 Tringa nebularia (Common Greenshank, greenshank) IA

86. 24809 Tringa stagnatilis (Marsh Sandpiper, little greenshank) IA

87. 41351 Xenus cinereus (Terek Sandpiper) IA

88. 24249 Zyzomys pedunculatus (Central Rock-rat, Antina) T

Plantae
89. 13074 Acacia alexandri P3

90. 13071 Acacia ryaniana P2

91. 13076 Acacia startii P3

92. 1210 Acanthocarpus rupestris P2

93. 12714 Brachychiton obtusilobus P4

94. 49022 Calandrinia sp. Cape Range (F. Obbens FO 10/18) P2

95. 49009 Calytrix sp. Learmonth (S. Fox EMopp 1) P1 Y

96. 18411 Corchorus congener P3

97. 1491 Crinum flaccidum (Native Crinum) P2

98. 14375 Daviesia pleurophylla P2

99. 29715 Eremophila forrestii subsp. capensis P3

100. 15032 Eremophila occidens P2

101. 16040 Eremophila youngii subsp. lepidota P4

102. 1972 Grevillea calcicola P3

103. 12832 Gymnanthera cunninghamii P3

104. 17327 Harnieria kempeana subsp. rhadinophylla P2 Y

105. 16 Helminthostachys zeylanica P3

106. 19 Lygodium flexuosum P3

107. 4677 Phyllanthus fuernrohrii (Sand Sponge) P3

108. 4736 Stackhousia umbellata P3

109. 46053 Tephrosia sp. North West Cape (G. Marsh 81)

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

P2

110. 17345 Tinospora esiangkara P2 Y

111. 12457 Verticordia serotina P2

Conservation Codes
T - Rare or likely to become extinct
X - Presumed extinct
IA - Protected under international agreement
S - Other specially protected fauna
1 - Priority 1
2 - Priority 2
3 - Priority 3
4 - Priority 4
5 - Priority 5

1
 For NatureMap's purposes, species flagged as endemic are those whose records are wholely contained within the search area. Note that only those records complying with the search criterion are included in the

calculation. For example, if you limit records to those from a specific datasource, only records from that datasource are used to determine if a species is restricted to the query area.

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.



EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Other Matters Protected by the EPBC Act
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http://www.environment.gov.au/protection/environment-assessments


Summary

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

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

None

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

32

1

1

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

1

48

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

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

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

Other Matters Protected by the EPBC Act

None

None

29

Listed Marine Species:

Whales and Other Cetaceans:

79

Commonwealth Heritage Places:

6

1

Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

2Australian Marine Parks:

Extra Information

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

1

6State and Territory Reserves:

Nationally Important Wetlands:

NoneRegional Forest Agreements:

Invasive Species: 11

4Key Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed
Godwit [86380]

Vulnerable Species or species habitat
may occur within area

Limosa lapponica  baueri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit
(menzbieri) [86432]

Critically Endangered Species or species habitat
may occur within area

Limosa lapponica  menzbieri

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Night Parrot [59350] Endangered Species or species habitat
may occur within area

Pezoporus occidentalis

World Heritage Properties [ Resource Information ]
Name StatusState
The Ningaloo Coast Declared propertyWA

Commonwealth Marine Area [ Resource Information ]

Name

Approval is required for a proposed activity that is located within the Commonwealth Marine Area which has, will have, or is
likely to have a significant impact on the environment. Approval may be required for a proposed action taken outside the
Commonwealth Marine Area but which has, may have or is likely to have a significant impact on the environment in the
Commonwealth Marine Area. Generally the Commonwealth Marine Area stretches from three nautical miles to two hundred
nautical miles from the coast.

EEZ and Territorial Sea

National Heritage Properties [ Resource Information ]
Name StatusState
Natural
The Ningaloo Coast Listed placeWA

Matters of National Environmental Significance

If you are planning to undertake action in an area in or close to the Commonwealth Marine Area, and a marine
bioregional plan has been prepared for the Commonwealth Marine Area in that area, the marine bioregional
plan may inform your decision as to whether to refer your proposed action under the EPBC Act.

Marine Regions [ Resource Information ]

Name
North-west



Name Status Type of Presence

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Australian Painted Snipe [77037] Endangered Species or species habitat
likely to occur within area

Rostratula australis

Australian Fairy Tern [82950] Vulnerable Breeding known to occur
within area

Sternula nereis  nereis

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Fish

Blind Gudgeon [66676] Vulnerable Species or species habitat
known to occur within area

Milyeringa veritas

Blind Cave Eel [66678] Vulnerable Species or species habitat
known to occur within area

Ophisternon candidum

Mammals

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

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

Endangered Species or species habitat
likely to occur within area

Dasyurus hallucatus

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Black-flanked Rock-wallaby, Moororong, Black-footed
Rock Wallaby [66647]

Endangered Species or species habitat
known to occur within area

Petrogale lateralis  lateralis

Pilbara Leaf-nosed Bat [82790] Vulnerable Species or species habitat
known to occur within area

Rhinonicteris aurantia (Pilbara form)

Reptiles

Short-nosed Seasnake [1115] Critically Endangered Species or species habitat
known to occur within area

Aipysurus apraefrontalis

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
Eretmochelys imbricata



Name Status Type of Presence
within area

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Sharks

Grey Nurse Shark (west coast population) [68752] Vulnerable Species or species habitat
known to occur within area

Carcharias taurus  (west coast population)

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Dwarf Sawfish, Queensland Sawfish [68447] Vulnerable Species or species habitat
known to occur within area

Pristis clavata

Green Sawfish, Dindagubba, Narrowsnout Sawfish
[68442]

Vulnerable Species or species habitat
known to occur within area

Pristis zijsron

Whale Shark [66680] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Rhincodon typus

Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

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

Species or species habitat
likely to occur within area

Ardenna carneipes

Wedge-tailed Shearwater [84292] Breeding known to occur
within area

Ardenna pacifica

Streaked Shearwater [1077] Species or species habitat
likely to occur within area

Calonectris leucomelas

Lesser Frigatebird, Least Frigatebird [1012] Species or species habitat
likely to occur within area

Fregata ariel

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Migratory Marine Species

Narrow Sawfish, Knifetooth Sawfish [68448] Species or species habitat
likely to occur within area

Anoxypristis cuspidata

Southern Right Whale [75529] Endangered* Species or species habitat
likely to occur within area

Balaena glacialis  australis

Antarctic Minke Whale, Dark-shoulder Minke Species or species
Balaenoptera bonaerensis



Name Threatened Type of Presence
Whale [67812] habitat likely to occur within

area

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
likely to occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Dugong [28] Breeding known to occur
within area

Dugong dugon

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
within area

Eretmochelys imbricata

Shortfin Mako, Mako Shark [79073] Species or species habitat
likely to occur within area

Isurus oxyrinchus

Longfin Mako [82947] Species or species habitat
likely to occur within area

Isurus paucus

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

Species or species habitat
known to occur within area

Manta alfredi

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

Species or species habitat
known to occur within area

Manta birostris

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Sperm Whale [59] Species or species habitat
may occur within area

Physeter macrocephalus

Dwarf Sawfish, Queensland Sawfish [68447] Vulnerable Species or species habitat
known to occur within area

Pristis clavata

Green Sawfish, Dindagubba, Narrowsnout Sawfish Vulnerable Species or species
Pristis zijsron



Name Threatened Type of Presence
[68442] habitat known to occur

within area

Whale Shark [66680] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Rhincodon typus

Indo-Pacific Humpback Dolphin [50] Species or species habitat
known to occur within area

Sousa chinensis

Spotted Bottlenose Dolphin (Arafura/Timor Sea
populations) [78900]

Species or species habitat
known to occur within area

Tursiops aduncus  (Arafura/Timor Sea populations)

Migratory Terrestrial Species

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia



Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
known to occur within area

Ardea alba

Cattle Egret [59542] Species or species habitat
may occur within area

Ardea ibis

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Streaked Shearwater [1077] Species or species habitat
likely to occur within area

Calonectris leucomelas

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Black-eared Cuckoo [705] Species or species habitat
known to occur

Chrysococcyx osculans

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Commonwealth Land -
Defence - EXMOUTH ADMIN & HF TRANSMITTING
Defence - EXMOUTH VLF TRANSMITTER STATION
Defence - LEARMONTH - RAAF BASE
Defence - LEARMONTH RADAR SITE - TWIN TANKS EXMOUTH
Defence - LEARMONTH RADAR SITE - VLAMING HEAD EXMOUTH

Commonwealth Heritage Places [ Resource Information ]
Name StatusState
Natural

Listed placeNingaloo Marine Area - Commonwealth Waters WA

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
within area

Lesser Frigatebird, Least Frigatebird [1012] Species or species habitat
likely to occur within area

Fregata ariel

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

White-bellied Sea-Eagle [943] Species or species habitat
known to occur within area

Haliaeetus leucogaster

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Species or species habitat
likely to occur within area

Puffinus carneipes

Wedge-tailed Shearwater [1027] Breeding known to occur
within area

Puffinus pacificus

Painted Snipe [889] Endangered* Species or species habitat
likely to occur within area

Rostratula benghalensis (sensu lato)

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Fish

Helen's Pygmy Pipehorse [66186] Species or species habitat
may occur within area

Acentronura larsonae



Name Threatened Type of Presence

Braun's Pughead Pipefish, Pug-headed Pipefish
[66189]

Species or species habitat
may occur within area

Bulbonaricus brauni

Three-keel Pipefish [66192] Species or species habitat
may occur within area

Campichthys tricarinatus

Pacific Short-bodied Pipefish, Short-bodied Pipefish
[66194]

Species or species habitat
may occur within area

Choeroichthys brachysoma

Muiron Island Pipefish [66196] Species or species habitat
may occur within area

Choeroichthys latispinosus

Pig-snouted Pipefish [66198] Species or species habitat
may occur within area

Choeroichthys suillus

Banded Pipefish, Ringed Pipefish [66210] Species or species habitat
may occur within area

Doryrhamphus dactyliophorus

Cleaner Pipefish, Janss' Pipefish [66212] Species or species habitat
may occur within area

Doryrhamphus janssi

Many-banded Pipefish [66717] Species or species habitat
may occur within area

Doryrhamphus multiannulatus

Flagtail Pipefish, Masthead Island Pipefish [66213] Species or species habitat
may occur within area

Doryrhamphus negrosensis

Ladder Pipefish [66216] Species or species habitat
may occur within area

Festucalex scalaris

Tiger Pipefish [66217] Species or species habitat
may occur within area

Filicampus tigris

Brock's Pipefish [66219] Species or species habitat
may occur within area

Halicampus brocki

Mud Pipefish, Gray's Pipefish [66221] Species or species habitat
may occur within area

Halicampus grayi

Glittering Pipefish [66224] Species or species habitat
may occur within area

Halicampus nitidus

Spiny-snout Pipefish [66225] Species or species habitat
may occur within area

Halicampus spinirostris

Ribboned Pipehorse, Ribboned Seadragon [66226] Species or species habitat
may occur within area

Haliichthys taeniophorus

Beady Pipefish, Steep-nosed Pipefish [66231] Species or species habitat
may occur within area

Hippichthys penicillus

Western Spiny Seahorse, Narrow-bellied Seahorse
[66234]

Species or species habitat
may occur within area

Hippocampus angustus



Name Threatened Type of Presence

Spiny Seahorse, Thorny Seahorse [66236] Species or species habitat
may occur within area

Hippocampus histrix

Spotted Seahorse, Yellow Seahorse [66237] Species or species habitat
may occur within area

Hippocampus kuda

Flat-face Seahorse [66238] Species or species habitat
may occur within area

Hippocampus planifrons

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

Species or species habitat
may occur within area

Hippocampus trimaculatus

Tidepool Pipefish [66255] Species or species habitat
may occur within area

Micrognathus micronotopterus

Black Rock  Pipefish [66719] Species or species habitat
may occur within area

Phoxocampus belcheri

Pallid Pipehorse, Hardwick's Pipehorse [66272] Species or species habitat
may occur within area

Solegnathus hardwickii

Gunther's Pipehorse, Indonesian Pipefish [66273] Species or species habitat
may occur within area

Solegnathus lettiensis

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

Species or species habitat
may occur within area

Solenostomus cyanopterus

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

Species or species habitat
may occur within area

Syngnathoides biaculeatus

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

Species or species habitat
may occur within area

Trachyrhamphus bicoarctatus

Straightstick Pipefish, Long-nosed Pipefish, Straight
Stick Pipefish [66281]

Species or species habitat
may occur within area

Trachyrhamphus longirostris

Mammals

Dugong [28] Breeding known to occur
within area

Dugong dugon

Reptiles

Horned Seasnake [1114] Species or species habitat
may occur within area

Acalyptophis peronii

Short-nosed Seasnake [1115] Critically Endangered Species or species habitat
known to occur within area

Aipysurus apraefrontalis

Dubois' Seasnake [1116] Species or species habitat
may occur within area

Aipysurus duboisii

Spine-tailed Seasnake [1117] Species or species habitat
may occur within area

Aipysurus eydouxii

Olive Seasnake [1120] Species or species habitat
may occur within area

Aipysurus laevis



Name Threatened Type of Presence

Stokes' Seasnake [1122] Species or species habitat
may occur within area

Astrotia stokesii

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Spectacled Seasnake [1123] Species or species habitat
may occur within area

Disteira kingii

Olive-headed Seasnake [1124] Species or species habitat
may occur within area

Disteira major

Turtle-headed Seasnake [1125] Species or species habitat
may occur within area

Emydocephalus annulatus

North-western Mangrove Seasnake [1127] Species or species habitat
may occur within area

Ephalophis greyi

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
within area

Eretmochelys imbricata

Elegant Seasnake [1104] Species or species habitat
may occur within area

Hydrophis elegans

Spotted Seasnake, Ornate Reef Seasnake [1111] Species or species habitat
may occur within area

Hydrophis ornatus

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Yellow-bellied Seasnake [1091] Species or species habitat
may occur within area

Pelamis platurus

Whales and other Cetaceans [ Resource Information ]
Name Status Type of Presence
Mammals

Minke Whale [33] Species or species habitat
may occur within area

Balaenoptera acutorostrata

Antarctic Minke Whale, Dark-shoulder Minke Whale
[67812]

Species or species habitat
likely to occur within area

Balaenoptera bonaerensis

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
likely to occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus



Name Status Type of Presence

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

Common Dophin, Short-beaked Common Dolphin [60] Species or species habitat
may occur within area

Delphinus delphis

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Pygmy Killer Whale [61] Species or species habitat
may occur within area

Feresa attenuata

Short-finned Pilot Whale [62] Species or species habitat
may occur within area

Globicephala macrorhynchus

Risso's Dolphin, Grampus [64] Species or species habitat
may occur within area

Grampus griseus

Pygmy Sperm Whale [57] Species or species habitat
may occur within area

Kogia breviceps

Dwarf Sperm Whale [58] Species or species habitat
may occur within area

Kogia simus

Fraser's Dolphin, Sarawak Dolphin [41] Species or species habitat
may occur within area

Lagenodelphis hosei

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Blainville's Beaked Whale, Dense-beaked Whale [74] Species or species habitat
may occur within area

Mesoplodon densirostris

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Melon-headed Whale [47] Species or species habitat
may occur within area

Peponocephala electra

Sperm Whale [59] Species or species habitat
may occur within area

Physeter macrocephalus

False Killer Whale [48] Species or species habitat
likely to occur within area

Pseudorca crassidens

Indo-Pacific Humpback Dolphin [50] Species or species habitat
known to occur within area

Sousa chinensis

Spotted Dolphin, Pantropical Spotted Dolphin [51] Species or species habitat
may occur within area

Stenella attenuata

Striped Dolphin, Euphrosyne Dolphin [52] Species or species habitat
may occur within area

Stenella coeruleoalba

Long-snouted Spinner Dolphin [29] Species or species
Stenella longirostris



Name Status Type of Presence
habitat may occur within
area

Rough-toothed Dolphin [30] Species or species habitat
may occur within area

Steno bredanensis

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Species or species habitat
likely to occur within area

Tursiops aduncus

Spotted Bottlenose Dolphin (Arafura/Timor Sea
populations) [78900]

Species or species habitat
known to occur within area

Tursiops aduncus  (Arafura/Timor Sea populations)

Bottlenose Dolphin [68417] Species or species habitat
may occur within area

Tursiops truncatus s. str.

Cuvier's Beaked Whale, Goose-beaked Whale [56] Species or species habitat
may occur within area

Ziphius cavirostris

[ Resource Information ]Australian Marine Parks
Name Label
Gascoyne Multiple Use Zone (IUCN VI)
Ningaloo Recreational Use Zone (IUCN IV)

State and Territory Reserves [ Resource Information ]
Name State
Bundegi Coastal Park WA
Cape Range WA
Jurabi Coastal Park WA
Muiron Islands WA
Victor Island WA
Y Island WA

Extra Information

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

Name Status Type of Presence
Birds

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

Columba livia

Mammals

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Goat [2] Species or species habitat
likely to occur within area

Capra hircus

Horse [5] Species or species habitat
likely to occur within area

Equus caballus

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus



Nationally Important Wetlands [ Resource Information ]
Name State
Cape Range Subterranean Waterways WA

Name Status Type of Presence

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Black Rat, Ship Rat [84] Species or species habitat
likely to occur within area

Rattus rattus

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
likely to occur within area

Cenchrus ciliaris

Reptiles

Asian House Gecko [1708] Species or species habitat
likely to occur within area

Hemidactylus frenatus

Key Ecological Features are the parts of the marine ecosystem that are considered to be important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.

Key Ecological Features (Marine) [ Resource Information ]

Name Region
Ancient coastline at 125 m depth contour North-west
Canyons linking the Cuvier Abyssal Plain and the North-west
Commonwealth waters adjacent to Ningaloo Reef North-west
Continental Slope Demersal Fish Communities North-west



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

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

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

- seals which have only been mapped for breeding sites near the Australian continent

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

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

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

- migratory and

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

- marine

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

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

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

-21.91302 114.07787
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Attachment B: Flora species recorded with the survey area 

 

Family Species 

Convolvulaceae Ipomoea pes-caprae 

Fabaceae Acacia bivenosa 

Acacia gregorii 

Acacia inaequilatera 

Acacia sericophylla 

Acacia spathulifolia 

Acacia stellaticeps 

Acacia tetragonophylla 

Daviesia pleurophylla (P4) 

Labichea cassioides 

Swainsona calcicola 

Goodeniaceae Scaevola sericophylla 

Malvaceae Brachychiton obtusilobus (P4) 

Corchorus elachocarpus 

Meliaceae Owenia reticulata 

Myrtaceae Calytrix truncatifolia 

Corymbia hamersleyana 

Corymbia zygophylla 

Melaleuca cardiophylla 

Verticordia forrestii 

Poaceae Triodia angusta 

Triodia basedowii 

Triodia wiseana 

Proteaceae Banksia ashbyi 

Grevillea stenobotrya 

Hakea stenophylla 

Sapindaceae Alectryon oleifolius 

Scrophulariaceae Eremophila ?latrobei subsp. glabra 

Eremophila forrestii subsp. forrestii  

Myoporum montanum 

Solanaceae Solanum lasiophyllum 
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Attachment C: Photographs of Vegetation Types 

 

 

Plate 1: Vegetation Type 1 

 

 

Plate 2: Vegetation Type 2 
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Plate 3: Vegetation Type 3 

 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
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LH01M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200801

7582754

31.4 m (toc) on 21/08/2020 Kim Greenham

53.5 m

23700 mg/L  on 21/08/2020 Ben Fisher

33 (mAHD)

Ground Surface
SP-SM fine SAND with silt poorly graded, loose, SR, qtz dark reddish brown. 

SW coarse SAND with trace fine gravel well graded, loose, SR, qtz dark reddish brown. Weakly 
cemented

SW med SAND with trace fine gravel well graded, loose, SR, qtz dark reddish brown pale brown. 
Weakly cemented

SW gravelly med SAND well graded, medium dense, SR, calcareous pale reddish brown pale 
brown. Limestone chips of up to 10mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale brown pale reddish 
brown. Limestone chips of up to 10mm

SW fine SAND with trace fine gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown. Limestone chips of up to 15mm

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale reddish brown with pale yellow. Limestone chips of up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey with pale brown. Limestone chips of up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale yellow pale 
grey. Limestone chips of up to 20mm

SW coarse SAND well graded, medium dense, SR, calcareous pale grey pale yellowish brown 
with pale reddish brown. Limestone chips of up to 15mm
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LH01M

GW fine GRAVEL well graded, medium dense, SA, calcareous pale yellowish brown pale grey 
with pale brown. Limestone chips of up to 15mm
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LH02M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200425

7582770

42.1 m (toc) on 20/08/2020 Kim Greenham

71 m

11340 mg/L  on 20/08/2020 Ben Fisher

49 (mAHD)

Ground Surface
SP fine SAND with trace silt poorly graded, loose, SR, qtz dark reddish brown. 

SW fine SAND with trace silt well graded, loose, SR, qtz dark reddish brown speckled brown. 

SW fine SAND with trace silt well graded, loose, SR, qtz dark reddish brown. Minor FG Ferricrete

GW med GRAVEL with trace silt well graded, dense, SR, calcareous reddish brown speckled 
brown with pale yellowish brown. Limestone conglomerate

SC clayey med SAND well graded, dense, SR, calcareous reddish brown speckled brown. 

SW gravelly fine SAND well graded, dense, SR, calcareous pale brown speckled pale yellowish 
brown. Limestone chips up to 15mm

SW gravelly fine SAND well graded, medium dense, SR, calcareous pale yellowish brown speckled 
pale brown with pale grey. Limestone chips up to 30mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous yellowish brown 
speckled pale brown with pale grey. Limestone chips up to 10mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale grey. Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey. Limestone chips up to 30mm

SW fine SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey. Limestone chips up to 15mm

SP med SAND with trace med gravel poorly graded, loose, SR, calcareous pale yellow speckled 
pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 
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LH02M

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey with white. MG Chips

SW med SAND well graded, medium dense, SR, calcareous pale grey speckled dark grey with 
pale yellow. Water colour P Gy = P Ybr

SW-SG coarse SAND with fine gravel well graded, medium dense, SR, calcareous pale grey 
speckled pale yellow with dark grey. FG Chips, white calcite

SP-SG med SAND with fine gravel poorly graded, medium dense, SR, calcareous pale grey 
speckled pale olive. 

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale reddish brown. MG pale RBr chips

SW gravelly coarse SAND well graded, medium dense, SR, calcareous pale yelllowish brown 
speckled pale reddish brown with white. MG pale RBr chips

SW med SAND well graded, medium dense, SR, calcareous pale reddish brown speckled pale 
yelllowish brown with white. 

SW med SAND well graded, medium dense, SR, qtz pale yellow speckled pale grey. 

SW-SG med SAND with fine gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale reddish brown with pale grey. Chips pale RBr up to 25mm
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LH03M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200092

7582795

50.3 m (toc) on 21/08/2020 Kim Greenham

65.5 m

9642 mg/L  on 21/08/2020 Ben Fisher

59 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SP med SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW fine SAND dark reddish brown. 

GW fine GRAVEL well graded, medium dense, SA, calcareous pale brown pale yellowish brown. 
Limestone chips up to 25mm

SM silty fine SAND well graded, medium dense, SA, calcareous pale reddish brown. Limestone 
chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SA, calcareous pale brown 
white. Limestone chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale reddish 
brown pale yellowish brown. Limestone chips up to 15mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale grey speckled pale 
brown. Limestone chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale yelllowish brown. Limestone chips up to 15mm

SW-SG med SAND with fine gravel well graded, loose, SR, calcareous pale yelllowish brown pale 
brown with white. Limestone chips up to 10mm

GW fine GRAVEL well graded, medium dense, angular, calcareous yelllowish brown pale brown. 
Limestone chips up to 10mm

GW med GRAVEL well graded, medium dense, angular, calcareous pale brown pale yellowish 
brown. Limestone chips up to 10mm

GW med GRAVEL well graded, medium dense, angular, calcareous pale olive pale yelllowish 
brown. Limestone chips up to 15mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale brown. Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale yelllowish brown. 

SW med SAND well graded, loose, SR, qtz pale reddish brown pale brown. Poor recovery

SW-SG fine SAND with med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown pale grey. Sandy limestone chips up to 25mm

SP fine SAND poorly graded, loose, SR, qtz pale yellow. 

SW med SAND well graded, loose, SR, qtz pale olive pale yellow with pale grey. 

SP fine SAND poorly graded, loose, SR, qtz pale olive pale yellow with pale grey. 
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LH03M

SW-SG med SAND with coarse gravel well graded, medium dense, SR, qtz pale olive pale grey. 
Limestone chips up to 30mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale yellow pale 
grey. Limestone chips up to 15mm

GW sandy coarse GRAVEL well graded, medium dense, SA, calcareous pale yelllowish brown 
pale grey with dark grey. 

 0.1 L/s, 7.67, 21.85 
mS-cm 34 °C. 

 1 L/s, 7.73, 28.6 mS-cm 
31.5 °C. 
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LH04M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200616

7583798

43.64 m (toc) on 22/08/2020 Kim Greenham

53 m

3696 mg/L  on 22/08/2020 Ben Fisher

53 (mAHD)

Ground Surface
SW med SAND well graded, loose, SR, qtz dark reddish brown. 

SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GC clayey fine GRAVEL well graded, medium dense, SA, calcareous brown yelllowish brown. Iron 
stained limestone chips up to 15mm

CL CLAY with fine gravel, soft, low plasticity brown reddish brown. Iron stained limestone chips up 
to 15mm

CL CLAY with fine gravel, soft, low plasticity reddish brown brown. Iron stained limestone chips up 
to 20mm

SC clayey med SAND well graded, loose, SR, qtz reddish brown. 

CH CLAY with trace fine gravel, soft, medium plasticity reddish brown. 

SW-SC fine SAND with clay well graded, medium dense, SR, calcareous brown yellowish brown. 

SP fine SAND poorly graded, medium dense, SR, calcareous pale brown yellowish brown. 

SW fine SAND with trace fine gravel well graded, medium dense, SR, calcareous pale grey white. 
Limestone chips up to 10mm

SW gravelly fine SAND well graded, medium dense, SR, calcareous grey speckled yelllowish 
brown. 

GW fine GRAVEL well graded, medium dense, SR, calcareous pale grey white. 

SW fine SAND well graded, medium dense, SR, calcareous pale yellow. Minor limestone chips up 
to 10mm

SW med SAND well graded, medium dense, SR, calcareous reddish brown yelllowish brown. 
Minor limestone chips up to 15mm

SW med SAND well graded, loose, SR, calcareous pale yellow speckled brown. Minor limestone 
chips up to 25mm

SW med SAND with trace med gravel well graded, loose, SR, calcareous pale yellow pale grey. 
Minor limestone chips up to 25mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW gravelly med SAND well graded, loose, SR, calcareous pale brown pale grey. Limestone chips 
up to 10mm

SW gravelly med SAND well graded, loose, SR, calcareous pale yelllowish brown pale grey. 
Limestone chips up to 20mm

 0.05 L/s, 7.46, 17.7 
mS-cm 34.3 °C. 
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LH04M

SW med SAND well graded, loose, SR, qtz pale yellow. 

 1 L/s, 7.76, 32.1 mS-cm 
30.8 °C. 
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LH05M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200278

7583036

47.59 m (toc) on 23/08/2020 Kim Greenham

59 m

10290 mg/L  on 23/08/2020 Ben Fisher

60 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SP med SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW gravelly med SAND well graded, medium dense, SR, calcareous reddish brown. Limestone 
chips up to 10mm

SW-SG med SAND with fine gravel well graded, medium dense, SR, calcareous yelllowish brown. 
Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz yelllowish brown. 

SW-SG coarse SAND with fine gravel well graded, loose, SR, calcareous yelllowish brown pale 
grey. Limestone chips up to 10mm

SW-SG med SAND with med gravel well graded, loose, SR, calcareous pale grey pale brown. 
Limestone chips up to 10mm

SW-SG med SAND with med gravel well graded, loose, SR, calcareous grey pale brown. 
Limestone chips up to 10mm

SP-SG fine SAND with med gravel poorly graded, loose, SR, calcareous grey pale yelllowish 
brown. Limestone chips up to 10mm

SP gravelly fine SAND poorly graded, very dense, SR, qtz pale yelllowish brown. Sandstone

SW gravelly med SAND well graded, medium dense, SR, qtz pale yelllowish brown. Sandstone

SW med SAND well graded, loose, SR, qtz pale olive pale grey. Minor limestone/sandstone chips 
at 36 - 42m

SW coarse SAND well graded, loose, SR, qtz pale yellow pale grey. Minor limestone chips at 42 - 
47m

SW med SAND well graded  loose  SR  qtz pale yellow pale grey  
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LH05M

SW-SG med SAND with med gravel well graded, loose, SR, calcareous pale yellow pale grey. 
Limestone chips up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow. Minor limestone chips at 57 - 60m

 0.05 L/s, 7.93, 19.6 
mS-cm 30.2 °C. 

 0.2 L/s, 7.69, 23.7 
mS-cm 31 °C. 

 0.4 L/s, 7.8, 32.4 mS-cm 
29.5 °C. 
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LH06M
Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200735

7584041

39.22 m (toc) on 24/08/2020 Kim Greenham

53 m

11232 mg/L  on 24/08/2020 Ben Fisher

47 (mAHD)

Ground Surface
GW med GRAVEL well graded, medium dense, SA, calcareous reddish brown brown with 
yelllowish brown. 

GM silty coarse GRAVEL well graded, medium dense, SA, calcareous pale brown white. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale grey pale reddish brown. 

GM silty med GRAVEL well graded, medium dense, SA, calcareous pale brown pale yelllowish 
brown. 

SC clayey coarse SAND well graded, loose, SR, qtz reddish brown yelllowish brown. 

GM silty fine GRAVEL well graded, medium dense, SR, calcareous pale brown pale grey. 

SW gravelly med SAND well graded, medium dense, SR, calcareous reddish brown brown with 
yelllowish brown. 

SM silty med SAND poorly graded, loose, SR, qtz dark reddish brown. Desert dune sand

SW med SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW coarse SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW med SAND well graded, loose, SR, qtz yellow pale grey. 

SW coarse SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW med SAND well graded, loose, SR, qtz yellow pale grey. Minor limestone chips at 35 - 36m

SW med SAND well graded, loose, SR, qtz pale olive. 

SW coarse SAND well graded, loose, SA, qtz pale olive pale yellow with pale grey. 

SW med SAND well graded, loose, SR, qtz pale brown pale reddish brown with yelllowish brown. 
Minor limestone chips at 53 - 54m

 0.1 L/s, 7.74, 1.77 
mS-cm 30.7 °C. 

 0.2 L/s, 7.25, 17.49 
mS-cm 30.4 °C. 

 0.5 L/s, 7.43, 28.5 
mS-cm 28.5 °C. 
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LH06M

 1 L/s, 7.48, 40.6 mS-cm 
30.6 °C. 
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LH07M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200611

7583511

46.94 m (toc) on 17/08/2020 Kim Greenham

59 m

17880 mg/L  on 17/08/2020 Ben Fisher

54 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz reddish brown. 

SW-SG med SAND with med gravel well graded, dense, SR, calcareous pale brown pale 
yelllowish brown. Conglomerate limestone

SW med SAND well graded, medium dense, SR, calcareous pale yelllowish brown pale reddish 
brown. 

SW coarse SAND well graded, medium dense, SR, calcareous yellowish brown speckled pale 
brown with pale grey. Limestone chips up to 10mm

SP-SG fine SAND with med gravel poorly graded, medium dense, SR, calcareous pale yelllowish 
brown speckled white. Limestone chips up to 15mm

SW-SG med SAND with coarse gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 30mm

SW-SG med SAND with coarse gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale yelllowish brown. Limestone chips up to 30mm

SP-SG fine SAND with coarse gravel poorly graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 15mm

SP fine SAND poorly graded, loose, SR, calcareous pale brown. 

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown. Limestone chips up to 15mm

SP fine SAND with trace med gravel poorly graded, medium dense, SR, calcareous pale grey. 
Limestone chips up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale brown. 
Limestone chips up to 25mm

SW med SAND well graded, medium dense, SR, qtz pale yelllowish brown pale grey. Limestone 
chips up to 25mm

SW med SAND well graded  loose  SR  qtz pale yellow  

 0.05 L/s, 6.6 mS-cm  
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LH07M

 0.5 L/s, 17.5 mS-cm  

 1 L/s, 7.88, 29.8 mS-cm 
28.8 °C. 
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LH08M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

201004

7584498

35.39 m (toc) on 24/08/2020 Kim Greenham

48 m

20000 mg/L on 24/08/2020 Ben Fisher

43 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous brown pale reddish brown. 
Limestone

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale brown. 

GC clayey fine GRAVEL well graded, medium dense, SA, calcareous reddish brown pale brown. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale brown. 

CH CLAY with fine sand, soft, medium plasticity reddish brown. 

SW coarse SAND well graded, loose, SA, qtz yelllowish brown speckled pale grey. 

SP fine SAND poorly graded, loose, SR, qtz yelllowish brown. Poor recovery

SW med SAND well graded, loose, SR, qtz reddish brown yelllowish brown. Minor limestone 
chips up to 15mm

SW med SAND well graded, loose, SR, qtz yelllowish brown. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous yelllowish brown 
reddish brown. Limestone chips up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow pale reddish brown with pale grey. Minor 
dense limestone chips at 46 - 47m

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

 0.05 L/s, 7.86, 1.15 
mS-cm 29.5 °C. 

 0.1 L/s, 7.22, 19.17 
mS-cm 29.8 °C. 

 0.1 L/s, 7.42, 32.1 
mS-cm 32.5 °C. 

 0.15 L/s, 7.47, 36.1 
mS-cm 29.7 °C. 
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LH04P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200620

7583776

43.31 m (toc) on 08/09/2020 Kim Greenham

47.5 m

9504 mg/L  on 08/09/2020 Ben Fisher

47 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GW fine GRAVEL well graded, dense, angular, calcareous reddish brown speckled pale 
brown. 

GW fine GRAVEL well graded, medium dense, angular, calcareous pale brown 
speckled reddish brown. 

SP fine SAND poorly graded, medium dense, SA, calcareous pale brown speckled pale 
reddish brown with pale yelllowish brown. 

SP med SAND with trace fine gravel poorly graded, medium dense, SA, calcareous 
brown speckled pale reddish brown with pale yelllowish brown. Iron limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous 
reddish brown speckled pale brown. 

SP med SAND with trace clay poorly graded, loose, SR, calcareous yelllowish brown 
speckled reddish brown with brown. Intermittent layers of denser limestone

SP med SAND poorly graded, loose, SR, calcareous brown reddish brown with 
yelllowish brown. Intermittent layers of denser limestone

SW coarse SAND well graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SP fine SAND poorly graded, medium dense, SR, calcareous brown speckled reddish 
brown with pale yelllowish brown. More dense at 44.3 - 45m
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LH06P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200728

7584023

38.26 m (toc) on 25/08/2020 Kim Greenham

43.7 m

10296 mg/L  on 25/08/2020 Ben Fisher

46 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL with trace fine sand well graded, dense, angular, calcareous brown 
yelllowish brown. Limestone

SW fine SAND with trace fine gravel well graded, medium dense, SA, calcareous pale 
brown speckled pale reddish brown with pale yelllowish brown. 

GW fine GRAVEL with trace fine sand well graded, medium dense, angular, calcareous 
pale brown pale reddish brown with pale yelllowish brown. Limestone

SW med SAND with trace fine gravel well graded, loose, SR, calcareous reddish brown 
speckled pale brown. Limestone chips

SW med SAND well graded, loose, SR, qtz brown pale reddish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous 
brown speckled yelllowish brown with reddish brown. Minor mud loss

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 

SP fine SAND poorly graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 
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LH07P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200619

7583530

46.42 m (toc) on 02/09/2020 Kim Greenham

50.32 m

13320 mg/L  on 02/09/2020 Ben Fisher

57 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW med SAND well graded, loose, SR, qtz reddish brown pale brown. 

SW med SAND well graded, loose, SR, qtz dark reddish brown. 

GW fine GRAVEL with trace med sand well graded, medium dense, angular, calcareous
dark reddish brown speckled yelllowish brown with pale brown. Iron stained limestone. 
Denser layer at 12 - 13m

GW-GC fine GRAVEL with clay well graded, medium dense, angular, calcareous dark 
reddish brown speckled brown with yelllowish brown. Iron stained limestone

SW-SG med SAND with fine gravel well graded, medium dense, SR, qtz brown speckled 
reddish brown with yelllowish brown. Iron stained limestone

SW med SAND well graded, loose, SR, qtz pale brown speckled pale reddish brown. 
Minor limestone chips

SW coarse SAND with trace fine gravel well graded, loose, SR, qtz yelllowish brown 
speckled pale brown with white. White limestone chips

SP fine SAND poorly graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz yelllowish brown speckled pale brown with 
reddish brown. Minor white limestone chips

SP fine SAND poorly graded, loose, SR, qtz reddish brown speckled brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with pale 
brown. 

SP fine SAND poorly graded, loose, SR, qtz pale yelllowish brown speckled pale brown. 

SW med SAND well graded, loose, SR, qtz pale yelllowish brown speckled pale brown. 
Medium dense layer at 45 - 46m

SW gravelly med SAND well graded, medium dense, SR, qtz pale yelllowish brown 
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LH08P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200990

7584487

35.39 m (toc) on 17/09/2020 Kim Greenham

39.9 m

2040 mg/L  on 17/09/2020 Ben Fisher

41 (mAHD)

15 45

        

Ground Surface
SW gravelly med SAND well graded, medium dense, SR, qtz dark reddish brown dark 
brown with pale brown. Gravel consists of limestone

SW med SAND well graded, medium dense, SR, qtz dark reddish brown pale brown. 

SW-SG med SAND with fine gravel well graded, dense, SA, calcareous pale brown 
reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown pale yelllowish 
brown. 

GW-GS med GRAVEL with med sand well graded, medium dense, angular, calcareous 
brown yelllowish brown. 

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz. 
SW med SAND with trace fine gravel well graded, medium dense, SR, qtz brown 
yelllowish brown. Fine gravel composed of limestone

SW coarse SAND well graded, medium dense, SA, qtz brown yelllowish brown. 

SW med SAND well graded, medium dense, SA, qtz brown yellowish brown with pale 
brown. 
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LH09P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200914

7584277

37.71 m (toc) on 12/09/2020 Kim Greenham

41.5 m

3840 mg/L  on 12/09/2020 Ben Fisher

54 (mAHD)

15 45

        

Ground Surface
SW med SAND well graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL well graded, very dense, angular, calcareous pale brown speckled 
reddish brown. Limestone

SW med SAND with trace fine gravel well graded, medium dense, SA, calcareous pale 
brown speckled reddish brown. 

SW med SAND well graded, medium dense, SR, qtz reddish brown speckled pale 
brown. Minor limestone

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz reddish 
brown speckled pale brown. Fine gravel composed of limestone

SW med SAND well graded, loose, SR, qtz brown speckled pale brown with reddish 
brown. 

SW med SAND well graded, medium dense, SR, qtz brown speckled yelllowish brown 
with reddish brown. Minor limestone chips

SW coarse SAND well graded, medium dense, SR, qtz brown speckled yelllowish brown 
with reddish brown. 
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LH10P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

2001006

7584389

36.23 m (toc) on 20/09/2020 Kim Greenham

39.15 m

1764 mg/L  on 20/09/2020 Ben Fisher

44 (mAHD)

15 45

        

Ground Surface
SW fine SAND well graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown. Limestone 
chips

GW sandy fine GRAVEL well graded, dense, angular, calcareous pale brown speckled 
reddish brown. Limestone chips

SW gravelly fine SAND well graded, dense, SR, qtz reddish brown speckled pale brown. 
Limestone chips

GW med GRAVEL well graded, dense, angular, calcareous brown speckled pale brown 
with yelllowish brown. Limestone chips

SW med SAND well graded, medium dense, SR, qtz reddish brown. 

SC clayey med SAND well graded, medium dense, SR, qtz reddish brown yelllowish 
brown. 

SW-SC med SAND with clay well graded, medium dense, SR, qtz brown yelllowish 
brown with reddish brown. Minor pale brown limestone also present

SW-SC coarse SAND with clay well graded, medium dense, SR, qtz brown yelllowish 
brown. Clay constituent is yellowish brown

SW coarse SAND well graded, medium dense, SR, qtz brown yelllowish brown. 
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LH11P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200697

7583921

41.43 m (toc) on 23/09/2020 Kim Greenham

44.34 m

4530 mg/L  on 23/09/2020 Ben Fisher

52 (mAHD)

Ground Surface
SW fine SAND well graded, loose, SR, qtz dark reddish brown. 

SW gravelly med SAND well graded, medium dense, SA, qtz reddish brown. Fine gravel 
composed of angular limestone chips

GW fine GRAVEL well graded, dense, angular, calcareous pale brown speckled pale reddish 
brown. Limestone

SW-SG med SAND with fine gravel well graded, medium dense, SR, qtz pale reddish brown 
speckled pale brown. Fine gravel composed of limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz reddish brown speckled 
brown with pale brown. Minor limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz brown speckled reddish 
brown with brown. Minor limestone chips

SW-SC med SAND with clay well graded, medium dense, SR, qtz dark reddish brown. 

SW med SAND well graded, medium dense, SR, qtz brown reddish brown. 

SW med SAND well graded, medium dense, SR, qtz brown yelllowish brown. 

SW med SAND well graded, medium dense, SR, qtz yelllowish brown brown. 
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Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

 
  

Appendix D 

Pump Test Results 
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Appendix E 

Water Quality Results 
 

Parameters Units LH04P LH06P LH07P LH08P LH09P 
Laboratory Parameters      
Ion Balance % -2.6 -2.1 -3.7 -5.2 -2.8 

pH pH_unit 7.3 7.4 7.3 7.3 7.4 

TDS (Evap) mg/L 9400 7000 14000 2900 4700 

Conductivity  at  25C uS/cm 15200 11600 21300 4900 8070 

Turbidity NTU <0.5 <0.5 <0.5 <0.5 1.2 
Turbidity – After Filtration NTU <0.5 <0.5 <0.5 <0.5 <0.5 
True Colour TCU 1 2 1 1 <1 
Major Ions      
Calcium - Filterable mg/L 298 204 302 202 186 

Chloride mg/L 5170 3810 7800 1420 2590 

Fluoride mg/L 0.53 0.46 0.78 0.17 0.44 
Magnesium - Filterable mg/L 265 220 430 80.2 147 

Silica – SiO2 mg/L 47 26 41 19 32 
Sodium - Filterable mg/L 2690 2050 4010 689 1310 

Sulfate mg/L 590 490 990 330 270 

Bicarbonate – HCO3 mg/L 350 350 340 240 300 
Carbonate - CO3 mg/L <1 <1 <1 <1 <1 

Hydroxide - OH mg/L <1 <1 <1 <1 <1 
Nutrients       
Nitrate as NO3-N (Calc) mg/L 0.48 3.2 0.38 11 1.9 

Ammonia as NH3-N mg/L <0.010 <0.010 <0.010 <0.010 <0.010 

Potassium - Filterable mg/L 128 94.9 191 32.4 67.2 

Metals       
Aluminium - Total mg/L 0.007 <0.005 <0.005 0.007 0.068 

Arsenic – Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Barium - Total mg/L 0.086 0.068 0.076 0.073 0.065 

Beryllium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Boron - Total mg/L 1.4 1.1 2.1 0.47 0.73 

Cadmium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Chromium - Total mg/L 0.0007 0.0004 0.0007 0.0002 0.0005 
Cobalt - Total mg/L 0.0002 0.002 0.0005 0.0003 0.0003 

Copper - Total mg/L 0.0094 0.0018 0.0018 0.0021 0.0018 

Iron – Filterable  mg/L <0.005 <0.005 <0.005 <0.005 <0.005 
Iron - Total mg/L 0.008 0.005 <0.005 <0.005 0.039 

Lead - Total mg/L 0.0029 <0.0001 0.0008 0.0007 0.0006 

Manganese - Total mg/L 0.0023 0.087 0.011 0.021 0.029 

Molybdenum - Total mg/L 0.0009 0.0012 0.0013 0.0003 0.0004 

Nickel - Total mg/L 0.0057 0.0022 0.0021 0.003 0.0014 

Selenium - Total mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Silver - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Strontium - Total mg/L 3.4 2.7 5.2 1.1 2.1 
Tin - Total mg/L <0.0001 <0.0001 <0.0005 <0.0001 <0.0001 

Zinc - Total mg/L 0.057 0.009 0.011 0.009 0.01 
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Parameters Units LH10P LH11P 

Laboratory Parameters   

Ion Balance % -5.5 -3.4 
pH pH_unit 7.3 7.3 
TDS (Evap) mg/L 4400 6300 
Conductivity  at  25C uS/cm 7250 10200 
Turbidity NTU <0.5 <0.5 
Turbidity – After Filtration NTU <0.5 <0.5 
True Colour TCU 1 <1 
Major Ions    

Calcium - Filterable mg/L 212 221 
Chloride mg/L 2300 3370 
Fluoride mg/L 0.3 0.41 
Magnesium - Filterable mg/L 123 173 
Silica – SiO2 mg/L 31 35 
Sodium - Filterable mg/L 1060 1730 
Sulfate mg/L 280 390 
Bicarbonate – HCO3 mg/L 270 330 
Carbonate - CO3 mg/L <1 <1 
Hydroxide - OH mg/L <1 <1 
Nutrients    

Nitrate as NO3-N (Calc) mg/L 3.8 1 
Ammonia as NH3-N mg/L <0.010 <0.010 
Potassium - Filterable mg/L 53.6 84.4 
Metals    

Aluminium - Total mg/L <0.005 <0.005 
Arsenic – Total mg/L <0.0001 <0.0001 
Barium - Total mg/L 0.062 0.066 
Beryllium - Total mg/L <0.0001 <0.0001 
Boron - Total mg/L 0.62 1 
Cadmium - Total mg/L <0.0001 <0.0001 
Chromium - Total mg/L 0.0004 0.0005 
Cobalt - Total mg/L 0.0003 0.0003 
Copper - Total mg/L 0.0016 0.0017 
Iron – Filterable  mg/L <0.005 <0.005 
Iron - Total mg/L 0.01 0.011 
Lead - Total mg/L 0.0004 0.0003 
Manganese - Total mg/L 0.025 0.02 
Molybdenum - Total mg/L 0.0002 0.0004 
Nickel - Total mg/L 0.001 0.0009 
Selenium - Total mg/L <0.0002 <0.0002 
Silver - Total mg/L <0.0001 <0.0001 
Strontium - Total mg/L 1.7 2.3 
Tin - Total mg/L <0.0001 <0.0001 
Zinc - Total mg/L <0.005 0.006 
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EXECUTIVE SUMMARY 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 
of Exmouth Peninsula in Western Australia. The facility, which was formerly called the Lighthouse Holiday 
Park, was acquired by Tattarang Pty Ltd in 2018. It is planned to redevelop the holiday park with a greater 
range of accommodation and facilities. This will require access to additional relatively fresh groundwater 
to feed a reverse osmosis plant to provide potable water for the resort. 
 
The Exmouth Peninsula has particularly rich populations of these aquatic animals (termed stygofauna) 
and also populations of earth-breathing species in caves and elsewhere underground (called 
troglofauna) and hence the objectives of this report are: 

• To document the types of subterranean species likely to be present in the Project area, 
focussing particularly on the borefield; 

• To assess the likely impact of groundwater abstraction from a new borefield on subterranean 
fauna; and 

• To assess the likelihood of additional impact on subterranean fauna from proposed changes to 
wastewater disposal, including the operation of the wastewater treatment plant and possible 
irrigation of some areas with surplus treated water. 

 
Two listed species of fish and nine listed species of invertebrate stygofauna occur on the peninsula. All 
but four of the species are confined to Bundera Sinkhole, 70 km south of the Project area. 
 
Nine listed species of troglofauna occur, with all of them found to the south of the Project. 
 
While Exmouth Peninsula is rich in stygofauna there is uncertainty about the suitability of the habitat in 
the borefield, and Project area, for this group of animals. Salinity is unlikely to be a constraint on 
stygofauna occurrence but lithology may constrain occurrence both through providing minimal habitat 
for stygofauna in terms of interstitial spaces and voids and also through allowing limited recharge of 
energy and nutrients, especially since the watertable is moderately deep. This uncertainty about habitat 
suitability means sampling is required to determine whether or not stygofauna occur in the proposed 
borefield and which, if any, species are present. 
 
Suitable humidity and the occurrence of subterranean voids and fissures present are the main factors 
determining occurrence of troglofaunal. Results of drilling suggest significant subterranean spaces are 
likely to be presentabove the watertable in the Tulki limestone of the borefield. Accordingly, it would be 
expected that troglofauna occur in the borefield, although there has been no sampling to date to 
confirm occurrence. 
 
The most obvious threat to subterranean for from Project development is groundwater drawdown 
associated with borefield operation. However, the overall reduction in volume of habitat for stygofauna 
iwill be no more than 0.5%. While It is not known which, if any, stygofauna species occur in the borefield 
it is highly unlikely that any species would have a range restricted to the vicinity of the borefield. 
Therefore, the threat of borefield operations to stygofauna conservation values must be regarded as 
low. 
 
There is currently insufficient information to assess the potential impact of open space irrigation with 
wastewater, as well as leakage from the wastewater treatment plant on stygofauna conservation values. 
However, it should be noted that no species is likely to be confined to the WWTP and area of irrigation 
effect, meaning any threat should be small. 
 
The nature of borefield and wastewater operations mean that the likelihood of troglofauna conservation 
values being affected is low. Any ossible effects of wastewater treatment and irrigation are likely to be 
low but cannot be assessed on existing information..
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1. INTRODUCTION 
The Ningaloo Lighthouse Resort is located near the Cape Vlamingh Lighthouse at the north-western tip 
of Exmouth Peninsula in Western Australia (Figure 1). The facility, which was formerly called the 
Lighthouse Holiday Park, was acquired by Tattarang Pty Ltd in 2018. It is planned to redevelop the 
holiday park with a greater range of accommodation and facilities. 
 
Redevelopment of the holiday park and adjacent freehold land as Ningaloo Lighthouse Resort is referred 
to as the Project and will require access to additional relatively fresh groundwater to feed a reverse 
osmosis plant to provide potable water for the resort. Abstraction of groundwater, and the disposal of 
this water after use, has the potential to negatively affect species of invertebrates and fish that live in 
groundwater. The Exmouth Peninsula has particularly rich populations of these aquatic animals (termed 
stygofauna) and also populations of earth-breathing species in caves and elsewhere underground (called 
troglofauna). 
 
The objectives of this report are: 

• To document the types of subterranean species likely to be present in the Project area; 
• To assess the likely impact of groundwater abstraction from a new borefield on subterranean 

fauna; and 
• To assess the likelihood of additional impact on subterranean fauna from proposed changes to 

wastewater disposal. 

2. PROJECT DETAILS 

2.1. Location 
The Project is located on Yardie Creek Road approximately 22 km north of Cape Range National Park 
and 16 km north of Exmouth (Figure 1). The ocean west of the Project lies within the inshore State and 
more offshore Commonwealth Ningaloo Marine Parks that form the bulk of the Ningaloo Coast World 
Heritage Area, while the beach lies within Jurabi Coastal Park, which is also part of the World Heritage 
area. 
 
A proposed borefield to supply the Project with additional water (see below) lies in the extensive area 
of Unallocated Crown Land at the northern end of Exmouth Peninsula. The planned borefield will begin 
approximately 700 m south of the Project and run 1.1 km south along the eastern side of Cape Range. 
Additional monitoring bores will be placed up to 700 m south of the borefield itself. Production bores 
will be located at the base of the foothills of the eastern side of the range or in the swale between the 
foothills and the first red sand dune parallel to the range. 
 
The existing wastewater treatment plant (WWTP) for the holiday park is located on freehold land about 
400 m south of the Project and almost 300 m east of the nearest production bore (Figure 1). It lies within 
an interdunal swale. 

2.2. Water supply 
For the purposes of water allocation, the proposed borefield lies within DWER’s Exmouth North subarea. 
The aquifer in this subarea is hyposaline and is currently considered to be over-allocated, with 200,000 KL 
per annum available for use and already licenced abstraction of 258,000 KL (WRC 1999). 
 
The Project has an existing groundwater licence allocation of 32,000 KL per annum under licence 253728 
from the Department of Water and Environmental Regulation (DWER), which covers an area more or 
less coincident with the Project area. The anticipated future groundwater requirement for the Project is 
72,000 KL per annum (Pennington Scott 2020), and an additional 40,000 KL per annum of groundwater 
is required. 
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Figure 1. Exmouth Peninsula, showing the Project area (including borefield), Cape Range Subterranean 
Waterways and threatened ecological communities. 
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It is planned to obtain this groundwater from a borefield that begins about 2 km south of the Project 
on the east side of Cape Range. The borefield will comprise seven production bores (Pennington Scott 
2020). 

2.3. Wastewater 
The Project will update the wastewater system used in the holiday park (ARUP 2019). The new system 
will recycle water on-site, with the recycled water being used for irrigation. The water treatment methods 
proposed include, with water treatment methods that include: 

• Use of a membrane bioreactor (MBR); 
• Ultra-violet (UV) disinfection; and 
• Chlorine disinfection. 

 
The treatment of wastewater will be to a standard that allows treated wastewater to be re-used for toilet 
flushing and open space irrigation.  

3. GEOLOGY AND HYDROGEOLOGY 

3.1. Geology 
The Exmouth Peninsula essentially consists of limestone with overlying sands around the fringe. The 
peninsula is dominated by Cape Range, which runs almost its full length with a crest that is about 100 m 
ASL at the northern end and about 300 m ASL in the south. The range is flanked by a relatively narrow 
flat coastal plain to the west and a broader plain to the east (Allen 1993). 
 
The geological sequence of the eastern part of the range and associated coastal plain is mostly a 
moderately thin layer of Trealla limestone over Tulki limestone, with Manndu limestone below. There is 
also a small amount of Pilgramunna formation (a calcareous sandstone) that is younger than Trealla. 
Trealla limestone and Pilgramunna formation occur only on the range. On the coastal plain of most of 
the peninsula, Holocene sand deposits overlie the Tulki limestone. On the east side of the northern part 
of the range, instead of Holocene sands there is an extensive Pleistocene sand sheet composed of silty 
red sand with fixed dunes over Tulki limestone (Figure 2). 
 
Cape Range contains more than 300 caves in Tulki limestone, most of which are solution pipes with 
limited associated galleries (Finlayson and Hamilton-Smith 2003). Most of the caves are within the range 
but a few sink holes exist on the coastal plain, showing that quite cavernous areas can be found on the 
plain. 

3.2. Hydrogeology 
According to Allen (1993), the aquifer in the northern part of the peninsula is fresh (salinity <1000 mg/L 
TDS) and sits c. 100 m ASL in the central part of Cape Range (Figure 2). Salinity of the aquifer increases 
towards the coast and the salinity in the upper part of the aquifer in the proposed borefield, which lies 
in the eastern foothills of Cape Range, varies from 2,900 to 14,000 mg/L based on pumping (Pennington 
Scott 2020, Table 5-1). Salinity within the aquifer increases with depth to a recorded maximum of 
24,000 mg/L. 
 
The fresh to saline aquifer of the peninsula is underlain by seawater, with the thickness of the aquifer 
increasing with distance from the coast and, concurrently, the depth to seawater below it increasing. The 
depth to groundwater in the proposed borefield varies from 30.8 mbgl to 50.9 mbgl. The aquifer is 
approximately 50 m thick  
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Figure 2. Regolith geology of Exmouth Peninsula. Cape Range runs up the centre of the peninsula and 
is shown as exposed rock. 
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The groundwater in the aquifer occurs principally in Tulki and Mandu limestones. It flows both eastwards 
and westwards from under the range. Flow is probably more rapid on coastal plain than within the range 
because of higher permeability in the cavernous Tulki limestone/coastal plain sediments than in the 
deeper Mandu limestone that comprises most of the aquifer under the range that has significant flow 
only in joints and minor permeable interbeds. Recharge of the aquifer occurs mainly through direct 
infiltration after heavy rain.  
 
Borehole logs compiled by Pennington Scott (2020) show that the upper aquifer of most bores lies with 
a mixture of calcareous sand, gravel and limestone. Photographed chip trays for bores LH08P and LH02M 
show the geology to comprise a sand cover and then indurated Tulki limestone to a depth of 20 m or 
more, after which the Tulki limestone is dominated by weakly cemented sand (Figure 3).  
 

 
Figure 3. Chip trays showing lithology in borefield (from Pennington Scott 2020). 

4. LEGISLATION 
Native flora and fauna in Western Australia are protected at both State and Commonwealth levels. At 
the state level, the Biodiversity Conservation Act 2016 (BC Act) provides a legal framework for protection 
of species, particularly those listed by the Minister for the Environment as threatened. Less formal 
protection for additional species is provided by DBCA maintaining lists of priority fauna species that are 
of conservation importance but, for various reasons, do not meet the criteria for listing as threatened. 
At the national level, the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
provides a legal framework to protect and manage nationally and internationally important species as 
well as threatened ones. Several subterranean fauna species from Exmouth Peninsula are listed as 
threatened under both acts (see below).  
 
Both the EPBC and BC Acts also provide frameworks for the protection of threatened ecological 
communities (TECs). Within Western Australia, DBCA also informally recognises communities of potential 
conservation concern, but for which there is little information, as priority ecological communities (PECs). 
AS with the list of threatened species, the list of TECs recognised under the BC Act is larger than the 
EPBC Act list and has much greater focus on subterranean communities. 
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5. CAPE RANGE SUBTERRANEAN FAUNA 
Western Australia contains globally significant radiations of the two groups of subterranean fauna: 
stygofauna and troglofauna (Guzik et al. 2010; Halse 2018). Subterranean fauna in Western Australia 
mostly occur in small underground voids, fissures or interstitial spaces across the broad landscape. In 
contrast much of the troglofauna on Exmouth Peninsula has been collected from caves and the more 
significant stygofauna records have been collected from sinkholes that represent collapsed caves. 
 
While the blind gudgeon Milyeringa veritas was described early by Whitley (1945), scientific focus on the 
subterranean fauna of the Exmouth Peninsula did not begin until the late 1980s (Humphreys 1993 ed). 
Subsequent survey and research has continued to increase the species list for the area and has improved 
understanding of the distributions of species and their degree of dependence on subterranean habitats 
(e.g. KRB 2005; Bennelongia 2008, Page et al. 2008, 2016; Tang et al. 2008; Larson et al. 2013; Moore et 
al. 2018). 
 
Survey work has led to recognition under the BC Act of two TECs on the peninsula: the stygofauna based 
Cape Range Remipede Community at Bundera Sinkhole on the west coast and the troglofauna based 
Cameron’s Cave Troglobitic Community within Exmouth townsite. In addition the Cape Range 
Subterranean Waterways, being areas of groundwater in potentially karst scattered across the peninsula 
are listed in the Directory of Important Wetlands in Australia (WA006) and on the Register of the National 
Estate. 
 
The Exmouth Peninsula also contains the Ningaloo Coast World Heritage Area. This comprises the State 
and Commonwealth Ningaloo Marine Parks, Cape Range National Park and the Learmonth Air Weapons 
Range. The World Heritage Area was listed under two criteria: 

• containing areas of incredible natural beauty; and 
• containing the most important and significant natural habitats for in situ conservation of 

biological diversity. 
Among the features representing these criteria is the rich diversity of subterranean fauna found only on 
the Exmouth Peninsula (DBCA 2019) 

5.1. Stygofauna 
The Exmouth Peninsula supports at least two native stygofaunal fish species (Figure 4) and 69 species of 
invertebrate stygofauna (Figure 5, Appendix 1). This estimate was compiled using records in Western 
Australian Museum databases and a more informal database of stygofauna records maintained by Dr 
W.F. Humphreys, as well as records of monitoring by the Water Corporation (see Bennelongia 2008), 
results of sampling by Bennelongia (2018, 2019) and recent scientific literature. The list of species has 
some uncertainty because differing levels of taxonomic knowledge have led to a variety of names being 
applied at times to what are probably single species, while it is possible that other species treated as 
single units are multiple units (as shown by some recent genetic studies (Page et al. XXX, 2013).is likely 
to be a significant underestimate of the actual number of species present. Sampling by Bennelongia in 
two locations substantially increased the number of species collected, partly because the earlier work by 
the Museum focussed on fish shrimps and the community in the anchialine ecosystem at Bundera 
Sinkhole south of Yardie Creek. 
 
Both species of stygofaunal fish known from Western Australia are found on the peninsula. Both the 
blind gudgeon Milyeringa veritas and the blind cave eel Ophisternon candidum are listed as Vulnerable 
species under the BC and EPBC Acts (Table 1). Locations of these species have been mapped using 
Museum records (including those of Bill Humphreys) for M. veritas and Museum records and sight 
observations reported by Moore et al. (2018) for O. candidum. Milyeringa veritas is restricted to Exmouth 
Peninsula (Larson et al. 2013) but O. candidum also extends into the Pilbara. 
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Figure 4. Distribution of stygofaunal fish species on Exmouth Peninsula, including site records of O. 
candidum. 
Note that there are small coordinate errors for some records. 
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Figure 5. Distribution of invertebrate stygofauna on Exmouth Peninsula. 
Note that some coordinates are wrong. 
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Figure 6. Distribution of listed invertebrate stygofauna species. 
Note that I sp. Bundera is been recognised genetically and is listed as I. 
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Table 1. Listed subterranean species on Exmouth Peninsula. 
Group Family Species Listing 

Stygofauna    
Polychaeta Spionidae Prionspio thalanji CRBC 

Remipedia Kumongidae Kumonga exleyi CRBC,VUEPBC 

Calanoida Epacteriscidae Bunderia misophaga CRBC 

 Pseudocyclopidae Stygocyclopia australis CRBC 

Misophrioida Speleophridae Speleophria bunderae CRBC 

Ostracoda Thaumatocyprididae Welesina kornickeri CRBC 

Amphipoda Hadziidae Liagoceradocus branchialis ENBC 

Decapoda Atyidae 
Stygiocaris lancifera 
(includes S. sp. Bundera) VUBC 

 Atyidae Stygiocaris stylifera P4 

Pisces Eleotricae Milyeringa veritas VUBC,EPBC 

 Synbranchidae Ophisternon candidum VUBC,EPBC 
Troglofauna    
Diplopoda Paradoxosomatidae Stygiochiropus isolatus VU 

  Stygiochiropus peculiaris CR 

  Stygiochiropus sympatricus VU 
Pseudoscorpiones Hyidae Indohya damocles CR 
Schizomida Hubbardiidae Bamazomus subsolanus EN 

  Bamazomus vespertinus EN 

  Draculoides brooksi EN 

  Draculoides julianneae VU 
Blattodea Nocticolidae Nocticola flabella P4 

 
 
Eight threatened and one priority species of invertebrate stygofauna occur on the peninsula (Table 1). 
Seven of the species occur at Bundera Sinkhole (Figure 6) and are listed as Critically Endangered or, in 
one case, Endangered under the BC Act. Only one of them, the remipede Kumonga exleyi, is listed (as 
Vulnerable) under the EPBC Act. The other two species, the shrimps Stygiocaris lancifera and S. stylifera 
(Figure 4), are listed as Vulnerable under the BC Act and as a Priority 4 species, respectively. 

5.2. Troglofauna 
Subterranean records of troglofauna on Exmouth Peninsula are nearly all from caves. There are also a 
few records from drill holes across the landscape that are sampling small voids and fissures in the 
underground matrix above the watertable. Many of the animals occurring in caves also occur in 
surrounding areas and it is frequently difficult to determine the extent of subterranean dependence in 
the apparent cave records themselves, especially as cave records frequently do not distinguish between 
occurrence immediately outside the cave, in the cave entrance or deeper in the cave. As a result, 
assignment as ‘troglofauna’ in Appendix 2 is accompanied by significant uncertainty in some cases. This 
variation in occurrence has been recognised in ecological classifications and species with subterranean 
affinity can be divided, somewhat artificially, into troglophiles that occur in the twilight zone near the 
entrance of caves (and sometimes outside) and troglobites that occur deeper in caves where it is dark, 
humidity is high and temperatures are relatively stable (Sket 2008). There are also various categories for 
species that use caves but have minimal dependence on them. 
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Figure 7. Distribution of troglofauna on Exmouth Peninsula. 
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Figure 8. Distribution of listed troglofauna species. 
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Western Australian Museum taxonomic databases contain records of specimens belonging to at least 
59 species that are considered likely to be troglobites or troglophiles (Figures 7 and 8, Appendix 2). The 
true number of troglofauna species is likely to be higher than recorded because, particularly for isopods, 
there has been limited taxonomic investigation and multiple species are likely to have been as a single 
taxon. The more comprehensive subterranean database of Dr W.F. Humphreys was not accessed for 
troglofauna.  In addition, literature on troglofauna of the peninsula is quite dispersed and has not been 
used greatly in compiling the species list in Appendix 2, although papers such as Humphreys and Shear 
(1993) highlight the incompleteness of the records presented in this report for individual species as not 
all occurrences lead to specimens in the Western Australian Museum. Other papers by Humphreys et al. 
(1989), Humphreys and Collis (1990) and Humphreys (1991) provide ecological information that 
increases understanding of how communities function underground. 
 
Eight threatened and one priority species of troglofauna occur on the peninsula (Figure 8). All of these 
species are listed only under the BC Act, with two species listed as Critically Endangered, three as 
Endangered and three as Vulnerable (Table 1). 

6. PROJECT AREA SUBTERRANEAN FAUNA 

6.1. Stygofauna 
No species of stygofauna or troglofauna has been recorded from the proposed borefield area, although 
one record of the listed blind cave eel Ophisternon candidum is very close to the Project area (Figure 4). 
The lack of records from near the borefield is probably because no sampling has occurred in this or 
adjacent areas. Based on distribution of records, O. candidum and the other listed fish species Milyeringa 
veritas appear likely to occur in the borefield, as well as the shrimp Stygiocaris stylifera (Figure 6), 
assuming that habitat there is suitable.  
 
Other stygofauna species collected nearby include the copepods Phyllopodopsyllus wellsi and Nitokra 
humphreysi collected on the western side of the range and the worm Enchytraeidae sp. B16, which 
although well east is in the tip of the peninsula (see Figure 5). 
 
The main determinants of occurrence of stygofauna are depth to groundwater, salinity and suitability of 
habitat (Mokany et al. 2019), although the latter is often difficult to determine. The depth to goundwater 
in the borefield varies from 30-50 m across the borefield. In many situations, this is sufficient depth to 
suggest the borefield is unlikely to host a rich stygofauna community. For example, Halse et al. (2014) 
collected large numbers of animals in the Pilbara only when depth to groundwater was <32 m and large 
numbers of species only at depth <19 m. However, depth to groundwater in the Water Corporation’s 
water supply borefield for Exmouth varies from 33-54 m across most of the borefield and monitoring 
has shown that a rich stygofauna community occurs (KBR 2005). It is therefore unlikely that depth to 
groundwater will constrain stygofauna occurrence in the proposed borefield, although this assumes that 
the borefield has relatively high recharge from the surface that washes nutrients and carbon into the 
aquifer after rainfall. The relationship between depth to groundwater and stygofauna occurrence 
principally reflects the extent of hydraulic connectivity with the surface (Hahn and Fuchs 2009). Locally, 
stygofauna abundance in the Yilgarn has been shown to vary according to the quantity of recharge 
(Sacco et al. 2020). 
 
The effect of salinity on groundwater occurrence is strongly influenced by natural salinity levels in the 
region, which set the ‘background’ tolerance level of the fauna. However, most Pilbara species are 
restricted to salinities of <10,000 µS/cm and most Yilgarn species to <25,000 µS/cm, although occasional 
species have greater tolerances (Halse 2018). In the coastal setting of the Exmouth Peninsula, most 
species would be expected to tolerate the salinities of the borefield, where upper groundwater salinity 
varies from 2,900-14,000 µS/cm across the borefield and increases at depth to about 24,000 µS/cm. It is 
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therefore unlikely that groundwater salinity in the proposed borefield will constrain stygofauna 
occurrence. 
 
As a general rule of thumb, aquifers that are transmissive enough to support a borefield will also have 
the interstitial spaces or voids to support stygofauna occurrence. Stygofauna respond to small-scale 
changes in lithology as well as broader geological and hydrogeological patterns (Hose et al. 2017). 
Recognising the foregoing, the chip tray samples from bores in the proposed borefield provide do not 
provide definite information about the occurrence of potential stygofauna habitat. However, samples 
from some bores appear to lack the interstitial spaces necessary to host stygofauna (Figure 2, LH08P), 
while elsewhere the habitat looks more prospective (Figure 2, LH02M). 
 
There are no comparable chip samples from the Water Corporation’s Exmouth water supply borefield 
that can be compared with those of the proposed but the generalised geology of the Exmouth Peninsula 
suggests the lithology in the proposed borefield and the water supply borefield are likely to be similar, 
with the aquifers being hosted by Tulki limestone in both cases (Figure 9; see also Allen 1993). This 
suggests a rich stygofauna community should occur in the proposed borefield. However, pump tests 
show the aquifer of the proposed borefield has an average transmissivity of 80 m2/day (Pennington 
Scott 2020), which is an order of magnitude less than for the water supply borefield (WRC 1999). Thus, 
possibly the lithology of the proposed borefield aquifer constrains the occurrence of stygofauna. In 
addition to providing less habitat, the lower transmissivity of the proposed borefield may also reduce 
recharge of energy and nutrients. 
 

 
Figure 9. Generalised geology on the coastal plain near Exmouth (from WRC 1999). 
 
In summary, while Exmouth Peninsula is rich in stygofauna there is uncertainty about the suitability of 
the habitat in the borefield for this group of animals. Salinity is unlikely to be a constraint on stygofauna 
occurrence but lithology may constrain occurrence both through providing minimal habitat for 
stygofauna in terms of interstitial spaces and voids and also through allowing limited recharge of energy 
and nutrients, especially since the watertable is moderately deep. This uncertainty about habitat 
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suitability means sampling is required to determine whether or not stygofauna occur in the proposed 
borefield and which, if any, species are present. 

6.2. Troglofauna 
No species of stygofauna or troglofauna has been recorded from the proposed borefield area. However, 
the spiders Yardiella humphreysi and Trichocyclus nigropunctatus occur near the coast to the west of the 
borefield and the schizomid Draculoides brooksi occurs about 6 km directly south (see Figures 7 and 8). 
 
The main determinants of troglofauna occurrence are suitable habitat in terms of subterranean spaces, 
high relatively humidity and a source of energy and carbon. The latter is usually provided by recharge 
from the surface or direct transport into caves. In most cases, relative humidity is maintained at depth 
by processes within the vadose zone (Hong Shou et al. 2011). Thus, lithology and the types and size of 
subterranean voids and fissures present can be the critical factors in determining occurrence of 
troglofauna (Howarth and Moldovan 2018). 
 
Chip trays from bores within the proposed borefield (Figure 3) suggest that significant subterranean 
spaces are likely to be present in Tulki limestone above the watertable in this area. This fits the pattern 
across Exmouth Peninsula as a whole where numerous caves occur in the Tulki limestone. Accordingly, 
it would be expected that troglofauna occur in the borefield. In the Pilbara, more troglofauna is found 
hills, breakaways and other elevated areas where karstic or weathered rocks containing voids are 
exposed or have very little soil cover (Mokany et al. 2018). The same pattern appears to occur on the 
peninsula (Figure 7) but this could also be interpreted as reflecting the areas where larger caves occur 
and sampling has been greatest. 
 
Given the above information, some troglofauna species are expected to occur in the borefield although 
the likely richness of the community is unknown. 

7. THREAT TO SUBTERRANEAN FAUNA 
There are two potential threats to subterranean fauna associated with development of the proposed 
new borefield and the changes to the wastewater system (ARUP 2019): lowering of the water table in 
the borefield reduces the volume of habitat potentially available to stygofauna, while open space 
irrigation with wastewater, as well as leakage from the WWTP, will increase nutrient concentrations in 
groundwater. 
 
Troglofauna will not be affected by lowering of the watertable in the borefield, or by the activities 
associated with borefield construction and surface operation. Relative humidity is unaffected by small 
increases in depth to water and groundwater abstraction has little or no potential to affect other 
components of troglofauna habitat. Irrigation and increases in nutrients may affect troglofauna 
occurrence but any changes are likely to be small and there is insufficient information to assess small 
effects. It is considered likely that the threat of the proposed new borefield and wastewater issues to 
troglofauna conservation values will be low.  

7.1. Groundwater Abstraction 
The maximum drawdown around the production bores in the proposed borefield is predicted to be 0.4-
0.6 m (Pennington Scott 2020). Drawdown is likely to extend almost 400 m from the borefield but in 
most of the area the lowering of the watertable will be very small. 
 
The thickness of the borefield aquifer is approximately 30 m, with water in the upper layers ranging from 
subsaline to hyposaline and that at the base of the aquifer being mesosaline. All sections of the aquifer 
have salinities suitable for stygofauna and the species in the more saline sections of surface water will 
tolerate the mesosaline conditions in the deeper aquifer. 
 



Lighthouse Resort Subterranean Fauna 
Tattarang 

 

16 

The overall reduction in volume of the habitat for stygofauna within the borefield itself will be reduced 
by no more than 0.5%. While the aim of abstraction is to skim off the fresher groundwater, which may 
result in loss of the small areas of subsaline (500-3000 µS/cm) water, overall very little habitat change 
will occur as a result of borefield operations. 
 
It is not known which, if any, stygofauna species occur in the borefield but current knowledge of species 
ranges on the peninsula suggests it is highly unlikely that any species would have a range restricted to 
the vicinity of the borefield unless it represented a unique hydrogeological feature (see Figure 6). This is 
not the case because the borefield lies in an area of continuous Tulki limestone. While it is possible that 
listed stygofauna species may occur in the borefield, all of the species with potential to do so have wide 
ranges on the peninsula and their conservation status would not be threatened by borefield operations.  
Species of the Bundera Sinkhole community, the only listed stygofauna community on the peninsula, 
will not be found in the borefield because it requires an anchialine setting, which clearly does not occur 
there. The other recognised ‘community’, the Cape Range Subterranean Wetlands occurs north-east of 
the borefield (and elsewhere) but will not be affected by borefield operation. Accordingly, the threat of 
borefield operations to stygofauna conservation values is low. 

7.2. Wastewater disposal 
There is currently insufficient information to assess the potential impact of open space irrigation with 
wastewater, as well as leakage from the WWTP, on stygofauna conservation values. This is likely to 
increase nutrient concentrations in groundwater to an unknown extent, although the WWTP ponds will 
be lined. In studies elsewhere, high nutrient levels associated with sewerage have been shown to alter 
the composition of stygofauna communities, with inferences that some species are affected 
deleteriously (Hartland et al. 2011; Korbel and Hose 2011). However, it appears that in general 
stygofauna species are likely to be no more sensitive than to nutrients surface species (see Hose 2005). 
Elevated levels of organic matter have also been shown to change stygofauna community structure while 
Total N concentrations remained low (Sinton 1984; Graening and Brown 2003).  
 
Surveys in the vicinity of Exmouth suggest that total nitrogen values (usually the main contamination 
from WWTPs together with increased biological oxygen demand) of up to 15 mg/L N do not adversely 
affect stygofauna occurrence (Bennelongia 2018). 

8. CONCLUSIONS 
Stygofauna and troglofauna probably occur in the borefield and nearby Project area, although habitat 
evaluation produces uncertain inference about the occurrence of both groups and there is no knowledge 
of any species occurring there. 
 
The nature of borefield and wastewater operations mean that the likelihood of troglofauna conservation 
values being affected is low. Possible effects of wastewater treatment and irrigation are likely to be low 
but cannot be assessed with existing information. 
 
The effect of groundwater drawdown, as a result of borefield operations, on stygofauna conservation 
values will be low. There is currently insufficient information to assess the likely impact of wastewater 
treatment and irrigation on stygofauna conservation values. However, it should be noted that no species 
is likely to be confined to the WWTP and area of irrigation effect.   
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Appendix 1. Stygofauna species on Exmouth Peninsula according to 
Museum records and literature. 

Group Species Source1 Probable synonyms 
Fish2    
   Eleotricae Milyeringa veritas 1  
   Synbranchidae Ophisternon candidum 2,3  
Oligochaeta    
   Naididae Dero furcata 1  
   Tubificidae Aktedrilus parvithecatus 1 Aktedrilus n. sp. 2 (WA18) 

 Pectinodrilus ningaloo 1 Pectinodrilus n. sp. 1 (WA19) 
   Enchytraeidae  Enchytraeidae sp. B16  4  
 Enchytraeidae sp. B17  4  
   Phreodrilidae  Phreodrilidae D sp. B11  4  
 Phreodrilidae S sp. B12  4  
Polychaeta    
   Spionidae Prionospio thalanji 1  
   Syllidae Erinaceusyllis centroamericana 1 Sphaerosyllis centroamericana 

 Syllis cf. broomensis 1 Typosyllus (Ehlersia) cf. broomensis 
Crustacea    

Remipede    
Speleonectidae Kumonga exleyi 1 Lasionectes exleyi 

  Thermosbaenacaea    
Halosbaenidae Halosbaena tulki 1  
 Halosbaena sp. CRE 5  
Ostracoda    
Limnocytheridae Gomphodella sp.   
Candonidae Candonopsis tenuis 1  

 Phlyctenophora mesembria 1  
 Humphreyscandona ‘BOS630’ 4  
 Humphreyscandona ‘BOS639’ 4 s 
 Humphreyscandona ‘BOS642’ 4  
 Candonidae ‘BOS628’  4  
   Thaumatocyprididae Welesina kornickeri 1 Danielopolina kornickeri 

Cypridopsidae Sarscypridopsis ochracea 4  
Copepoda    
Epacteriscidae Bunderia misophaga 7  

   Pseodocyclopidae Stygocyclopia australis 1  
 Stygoridgewayia trispinosa 6 ‘Stygoridgewayia westaustraliensis’  
   Speleophridae Speleophria bunderae 1  
 Speleophria ‘BCA002’   
   Cyclopidae Apocyclops dengizicus 1  

 Diacyclops humphreysi 1  
 Dussartcyclops sp. B12 4  
 Halicyclops longifurcatus 1,8  
 Halicyclops spinifer 1  
 Orbuscyclops westaustraliensis  4  
 Metacyclops mortoni 1  
 Microcyclops varicans 1  

 Neocyclops ‘BCY058’ 12  
   Ameiridae Ameira ‘BHA250’ 12  
 Megastygonitocrella unispinosa  4  
 Nitokra fragilis 1  

 Nitokra humphreysi 1  
 Nitokra lacustris 1  
 Nitokra ‘BHA251’   
 nr Neonitocrella sp. B01 4  
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Group Species Source1 Probable synonyms 
   Ectinomatidae Ectinosoma ‘BHA244’   
   Paramesochridae Apodopsyllus ‘BHA255’   
   Miraciidae Amphiascoides subdebilis 1  
   Laophontidae Onychocamptus bengalensis 1  
   Tetragonicipitidae Phyllopodopsyllus wellsi 1  
   Phyllognathopodidae Phyllognathopus sp. B01 4  
   Canthocamptidae Australocamptus nr hamondi 4  
   Parastenocaridae Parastenocaris sp. B36 4  

Syncarida    
Parabathynellidae Brevisomabathynella sp. 1 `Australobathynella brooksi` 
 Hexabathynella sp. B12 1,4  
Bathynellidae Bathynella sp. B28 4  
Amphipoda    

Eriopisidae Norcapensis mandibulis 1 
Elasmopus ?yunde; Melitidae gen. nov.; 
Psammogammarus/Victoriopisa sp.; Melitidae gen. 
nov. nr Norcapensis, Wesniphargus 

   Hadziidae Hadzia branchialis 1 Liagoceradocus branchialis 
   Melitidae Nedsia douglasi 1,9  

 Nedsia ‘sculptilis Cape Range’ 4,12 Nedsia sp. B07 (douglasi grp)  
   Paramelitidae Paramelitidae sp. 4  

Isopoda    
Cirolanidae Haptolana pholeta 1,2  

   Philosciidae Philosciidae genus? sp. A 1  
 Philosciidae genus? sp. B 1  

Decapoda    
Aytidae Stygiocaris lancifera 1,3,10  

 Stygiocaris stylifera 1,3,10  
 Stygiocaris sp. Bundera 1,11  

Mollusca    
   Iravadidae Iravadia sp. 1  
   Thiaridae Melanoides ?tuberculata 1  
   Pupillidae Gastrocopta CW1 sp. nov. 1  
¹ Source: 1 Western Australian Museum and W.F. Humphreys databases); 2 Knott (1993); 3 Humphreys and Adams (2001); 4 
Bennelongia (2018); 5 Page et al. (2016); 6 Tang et al. (2008); 7 Jaume and Humphreys (2001); 8 Pesce et al. (1996); 9 Barnard and 
Williams (1995); 10 Holthuis (1960); 11 Page et al. (2008); 12 Bennelongia (2019)  
² The introduced fish Poecilia reticulata has been recorded on the eastern coastal plain.  
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Appendix 2. Troglofauna1 species on Exmouth Peninsula according to 
Museum records. 

Group Species 
Acari  
   Ascidae Cheiroseius `sp. 1` 
 `Genus indet.` `sp. 1` 
   Laelapidae `Genus indet.` `sp. 2` 
Araneae  
   Corinnidae Nyssus albopunctatus 
   Ctenidae Bengalla bertmaini 

 Janusia `sp. 2` 
   Deinopidae Deinopis `sp. indet. (juvenile)` 
   Filistatidae Wandella barbarella 
 Wandella humphreysi 
 Wandella waldockae 
 Yardiella humphreysi 
   Gallieniellidae Oreo `sp.` 
   Lamponidae Notsodipus capensis 
 Pseudolampona marun 
   Linyphiidae Chthiononetes tenuis 
 Dunedinia occidentalis 
 `Genus indet.` `sp. indet. (juvenile)` 
   Oonopidae Opopaea `Exmouth sp. 1` 
 Prethopalpus alexanderi 
 Prethopalpus infernalis 
   Pholcidae Trichocyclus nigropunctatus 

 Trichocyclus septentrionalis 
   Symphytognathidae Anapistula troglobia 
Isopoda  
   Armadillidae Armallidae sp. 
   Philosciidae Philosciidae sp. 
Pseudoscorpiones  
   Chthoniidae Austrochthonius easti 
 Tyrannochthonius brooksi 
 Tyrannochthonius butleri 
 Tyrannochthonius `sp. nov.` 
   Hyidae Indohya damocles 

 Indohya humphreysi 
   Syarinidae Ideoblothrus papillon 

 Ideoblothrus woodi 
Schizomida  
   Hubbardiidae Bamazomus subsolanus 
 Bamazomus vespertinus 
 Draculoides brooksi 
 Draculoides julianneae 
 Draculoides vinei 
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Group Species 
 Draculoides `SCH112` 
 `SCHAAA` `SCH056` 
 `SCHAAA` `SCH091` 
Collembola  
   Entomobryidae Sinella tropicalis 
Diplura  
   Campodeidae ‘Cocytocampa humphreysi’ ms 
Archaeognatha  
   Meinertellidae Machilelloides incoloratus 
Thysanura  
   Nicoletiidae Trinemura troglophila 
Blattodea  
   Nocticolidae Nocticola flabella 
Orthoptera  
   Gryllidae Ngamarlanguia luisae 
Hemiptera  
   Reduviidae Reduviidae sp. 
   Meenoplidae Phaconeura prosperina 
Coleoptera  
   Carabidae Lebiinae sp. 
 Clivina sp. 
   Staphylinidae Pselaphinae sp. 
 Anabaxis sp. 
 Durbos sp. 
 Eupines sp. 
Diplopoda  
   Paradoxosomatidae Stygiochiropus communis 
 Stygiochiropus isolatus 
 Stygiochiropus peculiaris 
 Stygiochiropus sympatricus 
   Lophoproctidae Lophoturus madecassus 

1Likely troglobites and troglophiles, based on collection information 
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 INTRODUCTION 
The following report has been prepared by Cossill & Webley, Consulting Engineers (CW) and summarises civil 
engineering and future servicing considerations of the proposed tourism development of the Ningaloo Lighthouse 
Resort (referred to herein as the Site). The report has been prepared to support the Development Application (DA) 
submission. 

The Site fronts the Indian Ocean to the north and is surrounded by undeveloped land parcels, approximate 14km 
north of the Exmouth Town Site. Access to the site is off existing Yardie Creek Road. 

This report has been prepared based on civil engineering infrastructure requirements to service the proposed DA 
and covers siteworks, sewerage, water reticulation, power supply, stormwater drainage and utility services. 

Details included in this report are largely based on preliminary advice from various service authorities, and is subject 
to change once formal submissions have been made to those service authorities.  

The Site is identified by the red boundary presented below in Figure 1. 

 
Figure 1 - Site Plan (MNG Access, 2019)  
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 SITE DESCRIPTION 
The Site contains the existing Ningaloo Lighthouse Caravan Park, is approximately 45.54 hectares in area, located 
14km north of the Exmouth.  The northern boundary of the Site is adjacent to the existing Yardie Creek Road, which 
extends to the west and south to Yardie Creek, and to the east connects into Murat Road, and onwards to Exmouth.  
Yardie Creek Road separates the Site from the Indian Ocean. 

The Site is covered in native coastal heath vegetation, with evidence of rock outcrops at the surface in the north and 
west portion of the Site, and a significant creek line running through the centre of the Site.  The Vlamingh Head 
Lighthouse sits prominently above the Site, immediately to the west. 

The Site is capable of accommodating further tourism development in accordance with an approved Local Structure 
Plan. 

2.1 Geology 
Douglas Partners have carried out a preliminary investigation of the Site.  They indicate that the Site is generally 
characterised by Vlamingh Sandstone (Tv).  There are rocky outcrops through the Site, of the Pilgramunna Formation 
(Tp) – which is high to very high strength calcarenite and calcilutite and grey coralgal limestone.  The Tp is the 
predominant site classification to the west, beneath the prominent Lighthouse Location.  This is presented below in 
Figure 2. 

 

 

Figure 2 – Douglas Partners simplified version of the AUSGIN Geoscience Portal 
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2.2 Landform 
Based on survey level information, the Site ranges in elevation from RL 10m AHD at the northern edge of the Site, 
adjacent to Yardie Creek Road, to RL 35m AHD at the south west extent of the site and at the outcrop in the centre 
of the Site as presented below in Appendix B.  The Lighthouse is located at RL63m. 

The existing topography is typical of coastal area along the Ningaloo Coast, both in terms of geomorphology and 
vegetation characteristics.  It is proposed that future development of the Site will respond to, and incorporate the 
existing landform where possible. Primarily, this will be achieved through the limiting vegetation clearing and other 
environmental impacts wherever possible.  

Remnant vegetation occurs across the vast majority of the Site, characterised by low shrub land vegetation.  

 
Figure 3 - Elevation 1m Contours  

 

2.3 Groundwater 
The Site is beyond the extent of the Department of Water’s Perth Groundwater Atlas. However, existing groundwater 
bores onsite indicate that groundwater is likely to be below 1m AHD.  The sands on site are free drainage, and the 
site is located close to the ocean.  The groundwater on site has high levels of saline (from 5,000 to 10,000mg/l).   

As such we do not anticipate that the presence of groundwater will constrain development.  
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2.4 Acid Sulphate Soils 
No data is available from the Department of Water and Environmental Regulation regarding potential for acid 
sulphate soils (ASS) for the proposed Site. However we do not anticipate ASS will be present, and don’t consider this 
issue will be a constraint to development. 

 

 EARTHWORKS 
A site responsive earthworks approach is proposed to integrate development into the existing undulating landform.  
The general intent is to minimise the extent of site re-contouring and clearing, whilst ensuring drainage, roadworks 
and sewer reticulation requirements are met.  

As a general principle it is proposed to construct just sufficient earthworks for the purpose of constructing roads with 
suitable gradients and cross fall, and sufficient earthworks across each of the development precincts such that the 
precinct can be developed for their intended use. We anticipate clearing will be kept to a minimum, and development 
will be integrated into the existing topography as far as practical.  

 

 ROADS AND FOOTPATHS 
It is proposed to construct a main access road along the eastern boundary of the site, from Yardie Creek Road up to 
the proposed Caravan Site and Fuel Station.  All service infrastructure upgrades will also be accessed via this road, 
and they will be located at the southern extent of the site, near the Fuel Station Site.  This access road will be designed 
and constructed to the same standard as Yardie Creek Road, with the engineering design to comply with the 
requirements of the Shire of Exmouth as a potential Yardie Creek Road alternative route.   

The existing Yardie Creek Road along the northern boundary of the Site has the potential to be modified to a low 
speed environment through design, subject to separate approval processes from the Shire of Exmouth and Main 
Roads WA.  This will enable patrons of the Resort safe access to the beach, north of Yardie Creek Road, and create a 
safer and quieter frontage for the resort.   

All internal roads through the Site will be sealed and built to a rural standard with table drains throughout. Kerbing 
may be incorporated on steeper road sections as required. 

Though the Site is undulating, preliminary design indicates the majority of roads can be constructed with a 
longitudinal gradient of less than 4%. The undulating nature of the site does not present a material constraint to 
development.  The steeper road sections (8%) are leading up to the Villa’s on the outcrop at the western edge of the 
site, and the access to the Caravan Park, through the centre of the site. 

 

 STORMWATER DRAINAGE 
The low-density nature of the development and the existing environmental characteristics of the Site (highly 
permeable sand and significant depth to groundwater) allow for development to occur with minimal need for 
constructed stormwater management infrastructure.  Stormwater drainage collected from new roads and building 
developments will be disposed by means of swales, both roadside and natural through the site.  Infiltration and 
groundwater recharge at source will be in the form of roadside swales or table drains and infiltration areas (generally 
associated with naturally occurring low points).   

Appendix A contains a series of sketches which outline the crest within the site, and the valleys, and indicate where 
the natural water paths occur.  The site is dominated by the Central Swale, which captures much of the water from 
the highlands to the south and west, and naturally flows north into the Indian Ocean. Roadside swales are proposed 
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to be directed to natural low points, into the Central Swale, avoiding key development areas of the Site. 

The underlying soils are conducive to infiltration and collected water is unlikely to pond for extended periods of time. 
We do not  propose to  dispose of  stormwater  directly  into  the foreshore area apart  from periods  of  high storm 
intensity, where the Central Swale will  be used as point of discharge, underneath Yardie Creek Road.  Please see 
below the Central Swale location in Figure 4. 

 
Figure 4 - Overland Stormwater Swale Paths 

Subsoil drainage will not be required due to the significant clearance from proposed finished surface levels to the 
groundwater level. 

 

 WATER RETICULATION 
Potable water requirements for the Resort (kitchens, showers and dishwashers) will be sourced from groundwater 
under abstraction licence from the Department of Water and Environment Regulation (DWER). 

The existing Caravan Park is serviced with potable water via the Department of Defence bore fields, located 7km due 
east of the site, in addition to private bores on site.  The water is treated through a reverse osmosis unit and stored 
in a 100,000l tank on site and a series of 13 smaller tanks (32,000l poly tanks). The Ningaloo Caravan Park has a 
groundwater licence allocation of 32,000KL/annum from DWER, of which the current scheme abstraction utilises 
12,551KL/annum. 

The existing supply agreement with the Department of Defence will not be continued, and the saline levels from the 
existing bores on site are too high.  The proposed supply of bore water for potable water is via a new bore field, 
installing a number of bores, and located approximately 2km to the south, as per Figure 5 below.  The bore field is 
expected to have a peak flow of 259kl/day.  With an allowance of 30% reject stream through the RO plant, this flow 
will be sufficient to supply the peak potable water requirement of 181KL/day, based on 250l/person/day and peak 
occupancy of 726 people.  The Water Balance Equation is shown in Appendix G.    
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The long term water requirement of the development is based on an average water use of 250l/person/day, and an 
average occupancy of 448 persons per day (with a maximum of 726 person) as per the attached Occupancy Schedule 
(attached Appendix B).   Based on the type of development proposed and estimated occupancy of the Resort, we 
anticipate that the development requires the existing groundwater licence to be increased to approximately 72 ML 
of potable water per annum, from the current 32ML.  This is covered in detail in the Penningtonscott Report within 
Appendix I.  

 

 

Figure 5 - Proposed Bore Field 

Given the abstracted groundwater will have Total Dissolved Solids (TDS) above the minimum parameters of the 
Australian Drinking water Guidelines of 500 mg/L, the treatment approach will entail reverse osmosis (RO) in addition 
to standard disinfection. 

Given that the potable water treatment plant will require separate State regulatory approvals, the proponent 
anticipates that approval for the plant from relevant State regulators will be a condition of the Resort Development 
Application. 

Specifically, the potable water treatment plant will require the following approvals: 

• Drinking Water Quality Management Plan (DoH) 
• Drinking Water Source Protection Plan (DWER) 
• Operating Strategy (DWER) 
• Groundwater Abstraction Licence (DWER) 
• Service Provider Licence (Economic Regulation Authority) 

A Water Balance (Appendix G) has been provided with this Development Application which outlines potable water 
demand, on a daily basis.  The full report of the Bore Field Revied, carried out by Pennington Scott, is attached in 
Appendix I. 
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Hydraulic Design Australia (Appendix C) propose a series of new tanks to store the water at the higher levels of the 
site.  The tanks will be located on a hill at or above RL 42mAHD, The water reticulation will be pressurised through a 
pump room to ensure both potable water supply, and reticulation treated water can be supplied at adequate 
pressures and flows to service the entire development. Infrastructure required may include a 6 new on-ground 
storage tank for potable water, with a total capacity of 1,800KL (8 days storage at peak demand).  We also propose 
2 300KL storage tanks dedicated to Fire Fighting, and will contain potable water. 

Section 7 below outlines the treatment process for Waste Water – note there will be a single 300KL tank which is 
dedicated to irrigation purposes, and contains water treated as below.  This water will be reticulated through the 
site, and used for irrigation of the landscape areas, and plumbed into the buildings for flushing toilets.   

Reticulated potable and non-potable water will be supplied to all new development sites and lots via a network of 
pipes (blue and purple) that are supplied from the on-ground storage tanks.  

 

 WASTEWATER RETICULATION AND DISPOSAL 
The Ningaloo Caravan Park has an outdated waste water treatment system, which disposes all of the treated effluent 
into evaporation ponds to the south of the Site.  This system is not up to current environmental standards, creates 
odour (and associated buffer) issues and would not be suitable for the development.  The proposed Resort is to be 
finished to a high standard, including irrigated areas which will require significant amounts of water.  Water is a 
scarce resource in the area, and hence an alternative water supply solution is required.  

There are a number of options open to the developer with respect to the disposal of wastewater from the proposed 
Ningaloo Lighthouse Resort development. These include: 

 Aerobic treatment units (ATU’s); 
 A locally sited wastewater treatment plant which uses membrane bio-reactor (MBR) or Sequential Batch 

Reactor (SBR) plant technology; 
 Settlement and evaporation ponds; 
 A combination of the above.  

Following a review of economic and environmental benefits, the development proposes to process all wastewater 
produced from the development in a fit-for-purpose on-site recycled water plant. The proposed technology for the 
development is a Membrane Bioreactor (MBR) followed by ultra-violet (UV) and chlorine disinfections.  

Wastewater servicing for Ningaloo Resort will entail the collection of blackwater and greywater (collectively, 
“wastewater”)  from  within  the  resort  for  treatment  and  reuse.   The  wastewater  will  be  gravity  fed  to  a  series  
pumping stations in the site, from where it will then be pumped to the wastewater treatment site in the south of the 
site (refer Site Layout – Appendix F for the overall Resort). 

The area required for the wastewater treatment facility is also identified in the Site Layout drawing.  The design and 
operational philosophy for the wastewater scheme is based on treatment to a fit-for-purpose standard which will 
facilitate reuse of the treated wastewater (recycled water) for open space irrigation and internal application for toilet 
flushing. 

The treatment approach involves membrane technology, coupled with biological and chemical processes, which will 
achieve a quality of water which will meet public health and environmental standards.  It is relevant to note that the 
wastewater collection, treatment and reuse scheme will be similar to the scheme recently implemented at Monkey 
Mia, in the Shire of Shark Bay.  That scheme has been assessed and approved by the Department of Environment 
and Water Regulation (DWER) and the Department of Health (DoH).  The Ningaloo Resort will  similarly require a 
number of Local/State regulatory approvals prior to implementation and operation.   

Pertinently, the wastewater scheme will require separate approval from the Shire of Exmouth via the submission 
from the proponent of an “Application to Construct or Install an Apparatus for the Treatment of Sewage”.  This 
application will provide detailed plans/schematics/overview of the proposed wastewater scheme.  The proponent 
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anticipates that the approval for the Ningaloo Resort Development Applications will include a condition requiring 
submission and approval for the aforementioned approval. 

It is also noted that in addition to the Shire’s approval for and “Application to Construct or Install an Apparatus for 
the Treatment of Sewage”, which may also require DoH approval, the scheme will require the following State 
regulatory approvals: 

• Works Approval under Part V of the Environmental Protection Act 1986 (DWER) 
• Recycled Water Quality Management Plan (DoH) 
• Operating Licence (DWER) 
• Water Service Provider Licence (Economic Regulation Authority) 

The Water Balance (Appendix G) has been provided with this Development Application which outlines wastewater 
generation and treated wastewater (recycled water) reuse, on a monthly basis.  All waste water generated by the 
treatment plant will be used for irrigation of the site.  There will be an underlying irrigation demand, which can be 
topped up with bore water when occupancy falls below a critical level (which will be associated with less bore water 
demand for potable supply).  For disposal of the treated waste water in peak occupancy, additional drippers will be 
located within roadside swales and natural swales.  The vegetation in these swales will be designed to benefit from 
this water, however not rely on it for survival.  This water will infiltrate into the sandy soils (Tv), and ultimately flow 
through the swales, greening the central swale, and being naturally treated, as it flows towards the central swale.   

Images and preliminary details of the type of Waste Water Treatment facility which is proposed at the Site is enclosed 
in Appendix H. 

 

 CONSTRUCTION WATER REQUIREMENTS 
It  is  anticipated that  construction water  will  be  required at  each stage of  development  to  facilitate  the civil  and 
building works, including dust suppression.  

High level estimates assume this demand is likely to be in the order of 25,000KL, which is proposed to be supplied 
via groundwater.  This would be a temporary water use, and would be applied for separately at the detailed design 
stage.   

 

 POWER 
The Site lies in close proximity to 11kV overhead power line distribution network and is supplied with power from 
the main generation at the Exmouth Town Site.  

The anticipated load for the development is 1500Amp, with the development able to be serviced from the 11kV 
overhead power lines which currently run through the site.  The details of the power requirement are in the attached 
3E Power Report (Appendix D). 

The overhead lines will need to be removed from the site, and relocated to an underground HV network adjacent to 
the proposed eastern Access Road.  This detail is shown attached in Appendix E.  

The existing aerial Transformer will not be sufficient to meet the demands of the proposed resort development.  As 
the development develops there will be a requirement to remove the existing transformer and replace with a ground 
mounted substation, located close to the relocated underground HV system.  The proposed substation will have two 
transformers, each with a supply capacity of 630KVA.  

With increased demand on the existing network it may be necessary for network reinforcement and/or network 
reconfiguration review to be undertaken. Horizon Power has advised the dynamic nature of their network makes it 
difficult to confirm exactly what reinforcement requirements will be required and when. In response to these 
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additional power requirements the development proposes to implement renewable energy generation alternatives.  
These may include Photo Voltaic Cells and future power storage, subject to economic viability.   

Underground power will be provided to all new sites and via a network of cables.  These works will be designed at 
the time of development. 

 

 GAS SUPPLY 
It is proposed to provide reticulated gas within the development, to all units, supplied via an on-site storage tanks.  
These will have a capacity of 6,375litres (the same size tanks as the existing facility) and there will be a primary tank 
and a secondary back-up tank supply. Reticulation gas will be used for water heating throughout the proposed 
development. 
  

 TELECOMMUNICATIONS 
We anticipate the Site will be serviced via an extension of the existing NBN network. Under the current NBN scheme, 
the developer is required to enter into an agreement to provide infrastructure which is handed over free of charge 
to NBN Co upon completion. The installation of the communication service to the resort would be funded through 
NBN, with developers responsible for funding the internal pit and pipe and a contribution to the backhaul costs 
(through existing network or via satellite receiver). 

Capacity of the existing NBN Co and any potential backhaul costs will be finalised through the submission of a formal 
application with NBN. 

 

 IMPLEMENTATION & STAGING 
It is anticipated the Site will be developed in one stage, duration of which will be determined in detailed design. 

The provision of engineering infrastructure will be required as an early part of the construction process, followed be 
development of the built form. 

 

 CONCLUSION 
As outlined in this report, the Site is capable of being serviced with key infrastructure including potable water supply, 
wastewater and power. Infrastructure upgrades to the Site will be required to facilitate the development with the 
scope of the infrastructure being staged to address demand growth requirements.   
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Oct-20

Occupancy Feb-23 Mar-23 Apr-23 May-23 Jun-23 Jul-23 Aug-23 Sep-23 Oct-23 Nov-23 Dec-23 Jan-24 Average 
Chalets & Bungalows 18% 49% 88% 81% 87% 98% 91% 74% 56% 35% 55% 42% 65%
Caravan Park Sites 19% 18% 52% 39% 59% 89% 77% 49% 38% 21% 31% 21% 43%

Average 19% 34% 70% 60% 73% 94% 84% 62% 47% 28% 43% 32% 54%

Guests 123 223 466 400 486 623 559 410 313 186 286 210 357
Vistors 6 10 21 18 22 28 25 18 14 8 13 9 16
Staff 75 75 75 75 75 75 75 75 75 75 75 75 75
Total 204 308 562 493 583 726 660 503 402 270 374 294 448

Room Type # Keys Base Guests Max Guests Max Vistors Average

Hotel 60                 120               120               30                 54%

Dual Key Villa (base key) 30                 60                 102               448 people per day
Dual Key Villa (add key) 30                 60                 60                 

Upgraded Villa (Base key) 4                   16                 16                 

Upgraded Villa (add key) 4                   8                   8                   

Small Eco Tent 14                 28                 28                 

Large Eco Tent 14                 28                 28                 

Lodge 28                 56                 56                 

Caravan 62                 186               248               

Total 246               562               666               

NINGALOO LIGHTHOUSE RESORT - ESTIMATED OCCUPANCY SCHEDULE
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1/300 Fitzgerald Street 
PERTH WA 6000 

Ph: (08) 9225 9300 
Fax: (08) 9228 0933  

email: info@hdawa.com.au  
web: www.hdawa.com.au 

 

19222 Exmouth Lighthouse Project – Hydraulics Site Services Design Report 
 

 

27th November 2020 
 
Mr. Mark Wallis 
Cossill & Webley 
2/431 Roberts Rd 
Subiaco WA 6008 
 
EXMOUTH LIGHTHOUSE PROJECT 
AMENDED HYDRAULICS SITE SERVICES DESIGN REPORT 
 
Potable Water 
 
The Water Corporation have established a daily average water consumption of 337 litres per person for Perth for 
2017-2018 which includes cistern flushing and landscape irrigation. 
 
Based on recycled water used for cistern flushing throughout and a separate water consumption allowance for 
landscape irrigation, we recommend 250 litres of daily water consumption allowance per person for Exmouth 
Lighthouse project. 
 
We estimate a total potable water consumption of 223kL during peak occupation periods based on; 
 
 250L x 726 guests/staff/visitors = 181kL potable water consumption per day. 
 25kL per day for landscape irrigation 
 15kL pool water make up for peak occupation periods (to be confirmed by Pool Consultant) 

 
Potable water storage will be required to buffer the daily water consumption requirements against the available 
bore/treatment tank replenishment flow rate during peak occupation periods. Potable water storage will also be 
required to provide a potable water reserve to accommodate periods of bore and/or water treatment plant 
maintenance. 
 
The Pennington Scott Technical Memorandum dated 10th 
November 2020 recommends an upgrade of the water bores to 
supply up to 259kL /day based on 726 guests at 250L of potable 
water per guest each day. The Peritas Ningaloo Lighthouse 
Caravan Park Services and Infrastructure Due Diligence Report 
dated 26th April 2017 indicates a bore water allocation of 32,000kL 
per annum for the Lighthouse Caravan Park and an annual water 
consumption of 12,551kL. 
 
The Ningaloo Lighthouse Caravan Park has approximately 350kL 
of potable water storage contained within various water storage 
tanks located throughout the site. 
 
We recommend a potable water storage capacity of 1,800kL litres 
contained within 6 x 300kL potable water storage tanks to 
accommodate an 8 day supply during peak occupation periods. 
The potable water storage capacity will be adjusted to reflect final 
bore yield and treated water infill flow rate. 
 
Two electric driven potable water pressure pump sets will be installed within a Pump to supply potable water 
throughout the site via a ring main. Pressure vessels will be installed at the highest point of the piping system to 

 

Picture of 2,000kL total water storage comprising 
4 x 500kL tanks measuring 18.4m diameter x 
2.31m wall height. 
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minimize water pressure surges. Each building will be fitted with an adjustable pressure reduction valves (installed 
in duplicate) to balance the supply pressures throughout and minimize water consumption. We recommend that the 
water pressure pumps are supplied back up electrical supply from a site generator. 
 
We recommend that the potable water service is reticulated throughout the site utilizing uPVC pipes. We recommend 
the reticulation of potable water throughout the buildings utilizing PEX pipes.  
 
PE pipes and fittings are not recommended for installation within the north west by the manufacturers. Metal pipes 
and fittings may be susceptible to corrosion and calcium build up.  
 
Copper or stainless steel pipes are required to be installed in exposed locations above ground level and immediately 
downstream of water heaters. Stainless steel pipes are not recommended where elevated levels of chlorine may be 
present within the water. 
 
We recommend the use of electronic gas instantaneous water heaters to supply hot water throughout the proposed 
resort buildings with an anti-scaling maintenance regime adopted to maximize the water heater life (subject to final 
treated water quality).  
 
Landscape Irrigation 
 
Water used to irrigate landscaped areas within the central facilities area could be drawn from the potable water tanks 
to ensure odour free clean potable water is distributed via above ground sprinkler systems. 
 
An additional dedicated 300kL landscape irrigation tank could be installed to receive treated grey water with treated 
bore water top up to supplement the landscape irrigation in areas suitable for sub-surface irrigation (dripper irrigation 
system installed 150mm below ground level). 
 
Fire Service 
 
The Exmouth Lighthouse project will require the installation of a fire pressure pump set and fire water storage tanks 
to supply fire hydrants, fire hose reels and for bush firefighting requirements. Class 2, 3, 5 & 9 buildings (1 or 2 storeys 
contained) with fire compartment floor areas >1,000m2 and ≤5,000m2 require a minimum of 2 hydrants to operate 
simultaneously at a flow rate of 5 litres/second per hydrant (10 litres/second total) whilst maintaining a residual 
pressure of 700kPa within the fire piping system. The fire water storage tanks require hard suction connections (Storz 
connections) capable of supplying 20 litres/second suction flow rate for boosting the fire service system pressure via 
the DFES appliance. The fire water storage tanks are required to maintain a minimum of 4 hours of fire water at the 
minimum flow rate of 20 litres/second in addition to the static fire water storage requirements for bush firefighting. 
Two 300kL capacity fire water storage tanks will be required to be installed adjacent to the potable water tanks. An 
additional 50kL fire water storage tank with hard suction connection is required to be installed within the vicinity of 
the central facilities refuge area in accordance with the Bush Firefighting recommendations. A 7m x 5m Fire Pump 
Room is required adjacent to the fire water storage tanks to house a dual diesel driven fire pump set. 
 
Fire hydrants will be located throughout the site to provide coverage of the internal areas of all buildings from a 60m 
long hose emanating from the hydrant and a 10m long water spray. The hydrants are required to be located a 
minimum of 10m clear of buildings or on a 3m high x 4m wide 90/90/90 fire rated wall to provide protected access to 
DFES personnel. A fire booster assembly will be installed within site of the main access point to the resort 
administration building or at an alternative location to be agreed (to minimize tank suction pipe length). 
 
We recommend that fire hose reels and/or fire extinguishers are installed throughout the site for staff and occupant 
use in the event of a small fire, prior to DFES attendance. Fire hose reels shall be located throughout the site to 
provide coverage of the internal areas of all buildings from a 36m long hose and a 4m long water spray. 
 
The bore water will require treatment for fire water use prior to storage. The treated bore water supply is required to 
replenish the fire hydrant water storage component within the storage tanks within 24 hours. Refer to attached DFES 
GL-06 for water quality requirements. 
 



Hydraulics Design Australia 
 

19222 Exmouth Lighthouse Project – Hydraulics Site Services Overview 3 
 

 

DFES will require a hydrological report for assessment where bore water is utilized for fire fighting water. Refer to 
attached DFES GL-06 for bore water use requirements. 
 
Refer to attached GL-11 for DFES site planning requirements. 
 
We recommend that the fire service is reticulated throughout the site utilizing uPVC (blue-brute) pipes with rislan 
coated ductile iron fittings and concrete thrust and anchor blocks. 
 
PE pipes and fittings are not recommended for installation within the north west by the manufacturers. 
 
Galvanized steel pipes are required to be installed in exposed locations above ground level. 
 
Gas Service 
 
The Exmouth Caravan Park incorporates a 6,375 litre bulk liquid petroleum gas storage tank located adjacent to the 
refuelling area. The bulk LPG tank is utilized to refill smaller LPG bottles located on buildings throughout the site. 
 
We recommend that the existing LPG tank be relocated to the proposed new refuelling area and an additional 6,375 
litre LPG tank be installed adjacent to the relocated LPG tank to accommodate the proposed resort increased gas 
requirements. 
 
We recommend that LPG will be reticulated around the site to supply gas for water heating and cooking via a PVC 
inground piping system at 70kPa. Second stage regulators will be installed on each building to reduce the gas 
pressure suitable for appliance use. PVC pipes are not permitted for use where gas pressures exceed 70kPa. 
 
PE pipes and fittings are not recommended for installation within the north west by the manufacturers. 
 
Copper LPG pipes are required to be installed above ground level and within and under buildings. Copper LPG pipes 
are required to be installed between the LPG tanks and first stage regulators. 
 
Sewerage 
 
We estimate that 90% of guest/staff water consumption will be discharged to sewer. 
 
We estimate the following waste water discharges per person per day; 
 
• Grey water 240 litres 
• Black water 60 litres 
• Consumption 40 litres (not discharged to drain) 
 
We estimate 174kL of grey water and 44kL of black water will be discharged daily during times of peak occupancy 
based on 726 guests/staff/visitors. Or a combined sewerage discharge of 218kL discharged daily during times of 
peak occupancy. 
 
A property sewer drainage system will be installed throughout the resort to gravity drain to sewer pump stations 
utilizing the site topography. Access points will be installed where required to provide for ease of maintenance. 
 
The sewer pump stations will discharge to the sewerage treatment systems via PVC rising mains. 
 
Yours sincerely, 

Quentin Oma 
Director 
 
Encl. 
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and issued in accordance with, the provisions of the contract between 3E and the Client. 3E accepts no liability or 
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party. 
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SECTION      1 EXISTING POWER NETWORK DISTRIBUTION 
 
 

 GENERAL 
 
The greater Exmouth area is currently supplied by various High Voltage (HV) spur lines, of 
11kV and 33kV network, with the main generation located close to the Exmouth Town Site. 
This generation site provides a current load of 5.9MW to the surrounding area, and is 
comprised of 7 x 1MW Dual Fuel CNG/LPG generators and 3 x 20kW Wind Turbines. This 
system was built in 2003.  
 
Based on information obtained from an existing site assessment report prepared in 2017, 
the site is fed by a 200kVA pole top transformer, which is connected off an 11kV overhead 
aerial line.  
 
The meter data from the report also indicates that the park operates at about 50% the 
capacity of the transformer, based on low occupancy of the park. Extrapolating from this 
data, if the park were at full occupancy the transformer would be at full capacity. The 
current pole top transformer is thus sized to cater for the current site maximum demand 
only.  
 
There is additional generation on site in the form of two backup generators, a 110kVA and 
200kVA Generating Units. 
 
See Appendix 3.1 for Horizon Power DBYD Aerial Plan 
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SECTION      2 POWER SUPPLY SCENARIO 

 
 

 LIKELY LOAD 
 
Based on the likely development accommodation yield (Appendix 3.2) and approximate 
mechanical electrical loads for key buildings and accommodation types (Table 1), we have 
completed a general AS3000 load calculation for the overall site. Additional likely loads have 
been included within the assessment.  
 

Building Phases Amps 
Admin/Recep/Surf 
Shop 3 80 
Rec Centre 1 15 
Fuel Station 3 25 
Services/BOH 1 40 
Powell House 3 50 
Spa 1 25 
F&B Pavilion 3 50 
Restaurant BOH 
Facilities 3 50 
Hotel 3 100 
Standard Villa 1 18 
Std Villa + Bunk 1 22 
Lodge 1 30 
Luxe Villas 1 35 
Staff 
Accommodation 3 60 

Table 1. General Mechanical Electrical Loads 
 
The load calculation for the accommodation and services portion of the site is approximately 
1250A 3-phase, and makes allowance for load diversity. Additional loads at the Waste Water 
treatment plant (150A 3-Phase) and Water Pump Station (100A 3-Phase) increase the load 
demand on site to above 1500A.  
 
Based on a load requirement of 1500A we would expect the installation of a 2 x 630kVA 
transformers. In addition to the transformers, a switchgear unit will also need to be 
installed, which provides the protection for the equipment.  
 
The load estimate does not take into account any on site generation either in the form of 
renewable or non-renewable systems. 
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 LIKELY POWER SUPPLY SCENARIO 
 

The calculated site load will require the upgrade of the existing point of connection, which 
will result in the existing 200kVA aerial transformer being removed, and replaced by a 
ground mount substation.  
 
In addition to the above works, as the existing aerial line is located within the proposed 
development area, it will need to be relocated. The access road to the south of the site is 
being realigned as part of these works, thus the new aerial line can be located adjacent to 
this access way. All works associated with the existing Horizon Power infrastructure will 
need to be costed, and constructed by Horizon Power.   
 
The new substation should be located as close to the re-aligned aerial network as possible, 
to minimise the cost of new cabling to interconnect the substation to the aerial line. New 
on site generation (non-renewable) is to be installed as a requirement to feed the onsite 
firefighting system. This unit should also be located as close to the substation as possible. 
This would allow a better interface between the grid and the onsite generation. The Site 
Main Switchboard could be constructed as to compartmentalise the supplies, so that the 
generator is able to provide power to essential services in the event of mains power failure.  
 
Any installed renewable energy systems on site, if incorporated with energy storage could 
be utilised to off-set the overall site energy demand. By reducing the energy demand, it may 
be possible to reduce the size of the installed network connected equipment.  
 
The existing generators could be left in key locations for localised emergency power.  
 
Appendix 3.3 for the HV Concept 
 
Appendix 3.4 for Substation Land requirement  
 
 

 RENEWABLE ENERGY AND ON-SITE GENERATION 
 

The integration of renewable generation into this electrical network should be considered, 
and optimised to offset as much of the localised energy needs as possible.  This will benefit 
the development in the potential savings through reduced infrastructure, and reduced 
ongoing energy costs.   
 
The additional Solar PV/Wind Turbines (plus energy storage) could be used to reduce the 
size of the substation, from multiple transformers to a single 1MVA unit. The cost difference 
between 2 x 630kVA transformers and a single substation is approximately $30k. The cost 
saving in the network impact of installing a larger system would be great, as larger 
connected capacity may result in additional network reinforcement costs. The land 
requirement for the double transformer layout is larger than the single layout.   
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The determining factor in the connection size is peak demand of the site, which is general 
the evening, after sun set. As during the day Solar PV will off-set some of the daytime energy 
needs, and late in the evenings the network connection can cover the baseload.  
 
During peak times is when the network connection limit will more than likely be breached. 
To offset this, some form of energy storage should be considered. With the energy storage 
in the form of Lithium Ion Batteries or Vanadium Flow Systems. With an approximate 
200kWh Lithium Ion system costing in around $300-350k installed on site.  
 
Horizon Power has unofficially confirmed that a load of up to 630kVA can be connected 
without having to complete a line upgrade, but may require some localised network 
changes. The capacity of the line is unreserved, and will require a connection application to 
be submitted to lock it away for the development.   
 
The land requirement for the additional back-up generator would be approximately 4m x 
9m. This compound could also contain the Site Main Switchboard, which would be the 
interface point between the private network, substation and generator.  
 
Appendix 3.5 Generator Compound Requirement 
 
 

 HORIZON POWER AND CONNECTION REQUIREMENTS 

 
Horizon Power has provided general information regarding the capacity of the network, 
and the potential to connect additional load. A full network study upon connection 
request will need to be conducted to confirm that the additional load can be connected 
and confirm upgrade availability. Without a network connection application the spare 
capacity in that feeder is available to any other developer that may want to connect to 
the network prior to this development.   

 
The full network study and assessment by Horizon Power on that network connection will 
cost $6,100 + GST to Horizon Power. 
 
Based on the current network upgrade strategies that Horizon Power are implementing 
at edge of grid sites, they may provide a solution within which they own and operate any 
of the additional generation on site, and enter into a Power Purchase Agreement with the 
developer for the provision of energy.  
 
Other than Horizon Power, there are a number of private renewable energy companies 
that are willing to offer PPA’s for the installation of renewable assets. This could be 
investigated further, and reduce the capital cost of this upgrade.  

 
SECTION      3 Appendix 
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 Horizon Power DBYD 
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 Development Yield 

 
 
 
 
 
 



 

3E Consulting Engineers Pty Ltd  Page 9 
   
    

 HV Concept 
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 Substation Site Details 
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 Generator Site Requirement 
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per day
Potable Water 

Bore Water Supply (max) 259 KL
30% reject stream 77.7 KL
useable potable water 181.3 KL
max annual extracition (full capacity) 94535 KL

Bore Water Supply (average) 160 KL
30% reject stream 48 KL
useable potable water 112 KL
average annual exactraction 58400 KL
licence application 72000 KL allowance for 25% growth

Potable Water Demand
Peak 726 182 KL 250 L/person/day
Median 448 112 KL

Non Potable Water 

Grey Water Produced
Peak 726 174 KL 240 L/person/day
Median 448 108 KL

Grey Water Requirement
Toilet Flushing 726 44 KL 60 L/person grey water reuse
Irrigation 25 KL 25 ML/ha/year. 

based on 3,000m2 irrigation

TOTAL NOT POTABLE REQUIREMENT (PEAK) 69 KL

Storage Requirements

Tanks
Potable Supply 300KL 6 tanks
Irrigation 300KL 1 tank
Fire 300KL 2 tanks

Water Balance
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EXECUTIVE SUMMARY 

Northwest Resorts Pty Ltd (the Proponent) purchased the Ningaloo Lighthouse Holiday Park 
in late 2018 and is seeking to redevelop it into an eco-resort in 2021. The Proponent currently 
holds groundwater licence GWL153728 to take 32,000 kL/year from the Exmouth North Saline 
Resource but is seeking to increase the saline water allocation to 72,000 kL/year to produce 
50,000 kL/year of potable water. The borefield would provide up to 259 kL/day during the peak 
tourist season (1 April to 31 October) and 108 kL/day during the low season (1 November to 
31 March).  

At the time of the purchase, Lighthouse had four (4) existing equipped water bores on Lot 2, 
plus was receiving makeup water from the Department of Defence. In August 2020 the 
Department of Water and Environmental Regulation granted the Proponent a 26D permit 
CAW204525(1) to explore and develop seven (7) additional water bores in the Work Area 
along the eastern edge of the Cape Range, so that the Project could become fully self-sufficient 
for water. The new bores were completed between August and September 2020 and as part 
of the hydrogeological investigations, all bores were pump tested for 48hrs at 0.5 L/s which 
water quality parameters were monitored during the tests. 

The hydrogeological investigations reveal that the Tulki Limestone beneath the Property is a 
saline groundwater resource, with better quality brackish to saline groundwater (3,000 to 
14,000 mg/L) at the water table, becoming more saline with depth. The highest measured 
salinity on the property was 24,000 mg/L from about 30 m below the water table, which is still 
less saline than seawater as measured at Exmouth during the program, being 33,200 mg/L.   
All bores are screened a few metres beneath the water table such that they skim only the 
better-quality groundwater from the top of the water table.   

Seasonal borefield abstraction in the high season is likely cause groundwater salinity in the 
immediate borefield vicinity to increase marginally as better-quality groundwater is sipped from 
the water table. However, water quality would recover over the wetter season, when 
abstraction rates are minimal and when natural recharge over the Cape Range is at its highest.    

Groundwater abstraction over the high season is likely to cause a maximum discernible 
drawdown impact extending up to 370 m from the borefield, with the highest drawdown in each 
production bore ranging from 0.4 to 0.6 m.     

The perceived environmental and social impacts that could may arise from the expansion of 
the Project borefield are as follows:  

• Groundwater dependent ecosystems - Bennelongia (environmental consultants) 
have been engaged to conduct a subterranean fauna study of the Project borefield, 
which will comprise a comprehensive desktop study and a field sampling program in 
accordance with the Environmental Protection Agency guidance documents.  Sampling 
prior to this report has not been possible because the bores were only completed in 
late September 2020, and in line with EPA requirements, subterranean fauna sampling 
should ideally be undertaken 3 months post disturbance.  Notwithstanding the above, 
the BoM database reveals the presence of the ‘Cape Range Subterranean Waterways’, 
located approximately 4 to 5 km northeast of the Project; 
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• Other groundwater users – the Project would have no impact on other groundwater 
users because there are no other users within the drawdown impact area; indeed, the 
nearest third-party bore is more than 5 km away from the Project; and 

• Aboriginal Heritage – the Project would have no unacceptable impacts on aboriginal 
heritage values because there are no sites with water significance within the drawdown 
impact area; the nearest site of water significance is 3 km away and the Proponent has 
agreed to engage regularly with the Gnulli Group with respect to groundwater 
abstraction and protection of this site; and the Proponent has implemented a 
management plan to avoid impacts to one identified artifact site within in the borefield 
area.  
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1.  BACKGROUND 

Northwest Resorts Pty Ltd (the Proponent), a wholly owned subsidiary of Tattarang Pty Ltd, 
purchased the Ningaloo Lighthouse Holiday Park (the Property) in late 2018 with a view to 
redevelop the Property into an eco-resort, catering for a peak load of 651 guests and visitors 
during the main tourist season (1 Apr. to 31 Oct.), and up to 299 guests and visitors during the 
low season (the Project).    

The Property is located 13 km north of Exmouth, Western Australia, comprising freehold land 
over Lot 2 (P 014686 2), Lot 1 (P 014686 1) and Lot 557 (DP 412260) Yardie Creek Road, 
leasehold land over parcel LGE N657592, and an easement over land LAA 144(307) L826505. 
Also included for the Project’s development is access to Unallocated Crown Land (UCL) for 
water exploration, approved under a Section 91 of the Land Administration Act 1997 (LAA) 
comprising Lot 307 and 308 on Deposited Plan 40825 and a portion of UCL pin number 
1240777. Figure 1-1 illustrates all land pertaining to, and associated with, the Property and 
the Project.  

The annual potable water demand for the Project is anticipated to be 50,000 kL/year based on 
water usage of 250 L per guest per day. The raw saline groundwater must be treated through 
an onsite reverse osmosis (RO) plant to produce potable water, with a 30% reject stream. 
Thus, the Project would require 72,000 kL/year of saline groundwater to produce 50,000 
kL/year of potable water.    

The Proponent currently holds groundwater licence (GWL) GWL153728 to take 32,000 kL/year 
from the Exmouth North Saline Resource, granted under Section 5C of the Rights in Water 
and Irrigation Act 1914 (RWIA). The Proponent has applied to the Department of Water and 
Environmental Regulation (DWER) to increase the current allocation to 72,000 kL/year, and in 
support of the application, the Proponent has constructed a new borefield on the eastern side 
of the Cape Range, approximately 2 km south of the existing holiday park.    

Pennington Scott (groundwater consultants) were engaged to develop the new borefield and 
prepare an H2 hydrogeological assessment in accordance with DWER’s Operational Policy 
5.12. 

The contained document represents the interpretive H2 hydrogeological report, 
prepared in accordance with the Department of Water and Environmental Regulation’s 
Operational Policy No. 5.12 (DWER, 2009), in support of Northwest Resorts Pty Ltd 
application to DWER to increase the allocation limit on 5C groundwater licence 
GWL153728 from 32,000 kL/year to 72,000 kL/year. 
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Figure 1-1: Lighthouse Holiday Park location map and land parcels 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

                                                                                                         Page 10                                                        2255 Rev 1: 10 November 2020 

2.  HYDROGEOLOGICAL SETTING 

2.1  Climate 

Exmouth endures a semi-arid climate with daytime temperatures often reaching above 40oC 
in summer and reduce to 25oC in winter. Rainfall mostly occurs between January to July and 
is usually dry between August to December. 

The Bureau of Meteorology has been recording climate data at the Learmonth Airport (weather 
station number 5007) since 1945. The long-term annual average rainfall recorded from the 
Learmonth Airport is 253.5 mm, but records have shown that up to 361 mm has previously 
fallen in one month - January. In the 2019-2020 FY period, a total of 83.1 mm of rainfall was 
recorded. Evaporation rates are high, with the annual average pan evaporation of 
approximately 3000 mm/year. Figure 2-1 illustrates the 2019-2020 rainfall with the long-term 
monthly average rainfall and evaporation as recorded from the Learmonth Airport. 

 

 

Figure 2-1: Climate statistics from the Learmonth Airport (#5007) 

2.2  Geology 

The Property lies within the Northern Carnarvon Basin with rock types from the Cape Range 
Group originating from sediment deposition in the mid-to-late Cenozoic era. The broader area 
was mapped by the Geological Survey of Western Australia (Van De Graff et al., 1982) who 
defined the stratigraphy of the Cape Range Group. Table 2-1 shows the stratigraphy which 
comprises (in ascending order) the Mandu Calcarenite, the Tulki Limestone, the Trealla 
Limestone, the Pilgramunna Formation and the Vlamingh Sandstone. 
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Table 2-1: Stratigraphy of the Cape Range Group 
Age Group Formation Lithology 

Neogene 
Miocene Cape 

Range 
Group 

Vlamingh 
Sandstone 

Well-sorted, medium-grained quartzose calcarenite 
with large-scale (12m) steep cross-bedding 

Pilgramunna 
Formation 

Quartzose calcarenite and coralgal limestone, fine 
to very coarse-grained 

Trealla 
Limestone 

Pure white calcirudite to calcisiltite, with coralgal 
limestone; thin to massive bedded with sharp 
edged karst features common; fossiliferous 

Tulki Limestone Reddish to yellowish, marly, foraminiferal, 
calcarenitic packstone; fossiliferous 

Oligocene 
to Miocene 

Mandu 
Calcarenite 

White, chalky calcarenite to calcilutite; rare flint 
nodules; fossiliferous 

 

The Cape Range is a north-south striking elevated gentle anticline comprising the Tulki 
Limestone over Mandu Calcarenite at depth, the Cape Range dips gently to the east and west. 
On the eastern side of the Cape Range, the Tulki Limestone is overlain by a veneer of red 
brown sandy loam soil.    

Figure 2-2 illustrates drill samples from the northern and southern extents of the recent drilling 
and bore construction program. This shows that the Tulki Limestone appears to have three 
distinctive horizons over the Property, being:   

• An upper 3 to 20-27 m of hard indurated limestone in the northern and southern extents; 

• A lower zone of weakly cemented to loose “running” medium quartz SAND with clay 
and/or silt, seen in the northern extent; or, 

• A lower zone of indurated limestone with non-carbonate SAND filled karsts seen in the 
southern extent. 

 
Figure 2-2: Chip trays with drill samples from the northern and southern 
areas of the borefield; LH08P from the north, LH02M from the south. 
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2.3  Hydrogeology 

The water table elevation ranges from a few meters above sea level in areas around the 
coastline and can rise inland up to 15 m above sea level in the central part of the Exmouth 
Peninsular (Water Corporation, 1997).     

The water table beneath the Property is relatively deep, intersected at 30 to 50 m below ground 
level. While the Tulki Limestone is known to have karstic dissolution features (Water 
Corporation, 1997), groundwater occurrence in the new bores (see Section 5.1) was 
intersected beneath the indurated limestone within the loose medium sand. Here, groundwater 
permeability and storage are developed within the primary interstitial pore spaces.    

Groundwater salinity beneath the Property appears to be stratified with a lens of better quality 
brackish to saline groundwater (3,000 to 14,000 mg/L TDS) at the watertable, becoming 
steadily more saline with depth. The highest recorded groundwater salinity was 24,000 mg/L 
TDS at 72 m depth (30 m below the water table) in bore LH02M. Seawater salinity was 
measured at the Exmouth coast at during the program at 33,200 mg/L TDS.    

From these results, the saltwater interface is extrapolated to be more than 50 m below the 
water table in the borefield area. While no fresh water lense was encountered in the borefield 
(i.e. groundwater with a potable salinity of less than 1,000 mg/L TDS), the shallow groundwater 
within the transition zone nonetheless offers an ideal low salinity resource suitable for feed 
water for an RO treatment plant.    
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3.  ABORIGINAL HERITAGE SURVEY 

Hydrogeological field work was undertaken on the Property on the eastern side of the Cape 
Range, an area that has cultural heritage significance to the Gnulli Native Title group (the 
Gnulli Group). In accordance with the indigenous land use agreement (ILUA) between the 
Proponent and the Gnulli Group, the Proponent engaged the Yamatji Marlpa Aboriginal 
Corporation (YMAC), who are representatives of Gnulli Group, to undertake a heritage survey 
over the proposed drill pads and access tracks (referred to as the Work Area). The survey 
was completed between 10 and 13 December 2019. 

The heritage survey is included in Appendix A and the key findings are summarised as 
follows: 

• One artifact scatter location (Section 91 Water Bores Avoidance Area One) was 
identified on the existing main access track leading into the Work Area;  

• One registered heritage site (DPLH ID 10381 Vlamingh Head) was reassessed and 
found to have continuing cultural significance for the Baiyungu people; and 

• The importance of groundwater to the sacred narratives of the Cape Range region 
were recognised. 

To avoid disturbing the artifact scatter location on the main access track, the Gnulli Group 
surveyed an alternative deviation (refer to Figure 4-1). The Proponent obtained a clearing 
permit (CPS/8913-1) and constructed the alternative track during the hydrogeological 
investigation program. 
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4.  FLORA AND FAUNA SURVEY / CLEARING PERMIT 

Flora and fauna in Western Australia are protected by various legislative measures, including:  

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) – 
Australian Government; 

• Biodiversity Conservation Act 2016 (BC Act) – State; 

• Environmental Protection Act 1986 (EP Act) – State; and 

• Biosecurity and Agriculture Management Act 2007 (BAM Act) – State. 

The Property is located within an environmentally sensitive area (ESA) declared by the Minister 
for Environment under the Environmental Protection Act 1986, with known locations of priority 
flora and fauna species (Figure 4-1). 

For this reason, environment consultants, Strategen JBS&G, were engaged to undertake an 
ecological survey for flora and fauna within the Work Area; the survey was completed on 19 
June 2020. The survey is included in Appendix B and key findings are summarised as follows:  

• Three native vegetation types were mapped within the Work Area; 

• No threatened or priority ecological communities were recorded within the Work Area; 

• No other significant vegetation was mapped within the Work Area; and 

• Two Priority flora species (P2 and P4) were recorded within the Work Area. 

The survey concluded that the P2 species were located directly adjacent to previously cleared 
tracks and concluded “that clearing activities are unlikely to have indirect impacts on this 
species”.  A risk management plan was developed to deviate the proposed clearing around 
the P2 species to minimise any disturbance. A clearing permit was approved under CPS 
8913/1. Figure 4-1 illustrates the actual cleared tracks and avoidance of the P2 species. 
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Figure 4-1: Work area and cleared deviations around the P2 species 

4-1 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
 

                                                                                                         Page 16                                                        2255 Rev 1: 10 November 2020 

5.  HYDROGEOLOGICAL FIELD PROGRAM 

The prime objective of the new borefield is to produce feed water for the RO plant at as low 
salinity as possible. For this purpose, the borefield is designed as a low yield “groundwater 
sipping” borefield, where a small volume of abstraction is spread over multiple bores to 
minimise the drawdown impacts.  

DWER granted the Proponent Section 26D permit CAW204525(1) under the RIWA to drill 
exploration and production water bores on the Property. Given the paucity of available 
hydrogeological information leading into the field program, the hydrogeological investigation 
was divided into two stages: 

• Stage 1: Exploration / Monitoring Program – This initial exploration phase was 
conducted over the Work Area to locate the most prospective borefield area in terms 
of yield and water quality. This phase was conducted using a combination of percussion 
rotary air blast (RAB) and reverse circulation (RC) drilling methods, which provided air 
lift yields and water quality variations with depth. A total of eight (8) monitoring bores 
were constructed during this program; seven (7) within the original Work Area and one 
(1) within leasehold Lot 143; and  

• Stage 2: Production Bore Program – Air drilling techniques were unsuitable for larger 
diameter bore construction due to collapsing subsurface conditions encountered during 
the exploration program. Thus, a follow-up production bore drilling program was 
completed using a mud rotary drilling method. A total of seven (7) production bores 
were installed to target depths of 3 to 4 m below the prevailing water table (as identified 
during the exploration program); four (4) bores were constructed within the Work Area 
and three (3) bores were constructed to reinstate old bores on existing drill pads but 
were outside of the original Work Area. 

The following sections further detail each component of the hydrogeological field program. 

5.1  Drilling and Bore Construction 

An exploratory drilling and bore construction program were conducted in August and 
September 2020 with drilling contractor Harrington Drilling engaged to undertake the drilling. 
A total of eight (8) monitoring bores and seven (7) production bores were constructed. Figure 
5-1 illustrates the bore locations and Table 5-1 summarises all bore construction details.  Bore 
completion logs are included in Appendix C. 

The bore construction procedure was in accordance with the Minimum Construction 
Requirements for Water Bores in Australia, February 2012, and all field operations were under 
the direct supervision of a Pennington Scott senior hydrogeologist. Bores were constructed 
under the following protocols: 

Stage 1 Exploration Monitoring Bore Construction 

• Temporary 155 mm I.D. PN9 surface casing was installed to 6 m; 

• A pilot hole was drilled with a 150 mm or 128 mm drill bit; final depths determined by 
water quality (see following point); 
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• Drill return samples were laid out in 1 m intervals and logged by a senior hydrogeologist 
to the Australian Standard AS1728-1993. Airlift yields and EC were recorded at 1-3 m 
intervals upon the intersection of the watertable, and the hole was terminated at either 
EC >18,000 uS/cm or at 120m, whichever came first; 

• The hole was cased to full depth with 55.2 or 53.7 mm I.D. (PN9 or PN12) uPVC casing, 
with machine slotted liners (1 mm aperture) over the bottom 12 m of the hole; 

• Temporary surface casing was removed; 

• All bores were developed for 30-60 minutes; drilling muds were not used during drilling; 
and, 

• A concrete plinth was installed at surface and a lockable steel headworks was installed 
over bore. 

Stage 2 Production Bore Construction 

Production bores were sited within 20-30 m of a prospective exploration bore as follows: 

• Stainless steel surface casing (263.5mm I.D. / 273.1mm O.D.) was installed to depths 
determined by the drilling contractor according to subsurface conditions; surface casing 
was fully cement grouted; 

• A 250 mm pilot hole was drilled to depths of 3-4 m below the water table as determined 
from the exploration bore; 

• Drill return samples were laid out in 1 m intervals and logged by a senior hydrogeologist 
to the Australian Standard AS1728-1993; 

• A downhole geophysical survey was undertaken prior to casing of the hole; 

• The hole was cased to full depth with 154 mm I.D. / 168mm O.D. (6”) PN9 uPVC casing, 
with machine slotted liners (1 mm aperture) set between 2 to 4 m below the water table 
and a 1 m blank pump sump beneath the screened interval; 

• Where required, over-drilling was backfilled with bentonite pellets, and the annulus 
around the pump sump was also backfilled with bentonite pellets; 

• The annulus was backfilled with either 1.6 - 3.2 mm or 3.2 – 6.4 mm graded gravel to 
6 m below surface; 

• Cement grout with 5% bentonite filled the annulus from 6 m to ground level. 

• All bores were developed for 3 – 8 hours; airlifting was difficult due to little saturated 
thickness in each bore and final bore development was invariably completed by 
pumping during the pump test; and, 

• A concrete plinth was installed at surface and a lockable steel headworks was installed 
over bore. 
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Figure 5-1: Location of monitoring and production bores within the 
Lighthouse borefield
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Table 5-1: Bore construction summary details 
Bore Easting 

GDA ‘94 
Northing 
GDA ‘94 

Bore Type Constructio
n Date 

Depth 
(m) 

Blank casing (m) Slotted 
casing (m) 

SWL 
(mbtoc) 

CRT Pump 
Rate (L/s) 

EC 
(mS/cm) 

LH01M 200801 7582754 Monitoring 20/08/2020 54 0 - 41.5 41.5 – 53.5 30.83 0.5 30.3 
LH02M 200425 7582770 Monitoring 20/08/2020 72 0 - 41 41 - 71 41.47 0.5 40.6 
LH03M 200092 7582795 Monitoring 21/08/2020 66 0 – 50.5 50.5 – 65.6 50.90 0.5 28.6 
LH04M 200616 7583798 Monitoring 22/08/2020 56 0 - 41 41- 53 43.14 0.5 23.1 
LH05M 200277 7583036 Monitoring 22/08/2020 60 0 - 47 47 - 59 47.59 0.5 32.4 
LH06M 200735 7584041 Monitoring 23/08/2020 54 0 – 41 41 – 53 39.22 0.5 40.6 
LH07M 200611 7583511 Monitoring 16/08/2020 65 0 – 41 41 - 59 46.34 0.5 29.8 
LH08M 201004 7584498 Monitoring 24/08/2020 48 0 - 36 36 - 48 35.39 0.5 36.1 
LH04P 200620 7583776 Production 03/09/2020 47.8 0 – 43.5, 46.5 – 47.5 43.5 – 46.5 43.31 0.5 15.84 
LH06P 200728 7584023 Production 25/08/2020 44 0 – 37.7 37.7 – 43.7 38.26 0.5 17.16 
LH07P 200619 7583530 Production 02/09/2020 50.7 0 – 46.32 46.32 – 50.32 46.42 0.5 22.2 
LH08P 200990 7584487 Production 12/09/2020 39.9 0 – 35.6 35.6 – 38.6 35.39 0.5 2.1 
LH09P 200914 7584277 Production 12/09/2020 41.8 0 – 37.5, 40.5 – 41.5 37.5 – 40.5 37.71 0.5 6.4 
LH10P 201006 7584389 Production 20/09/2020 39.5 0 – 36.15, 38.15 – 39.15 36.15 – 38.15 36.23 0.5 2.94 
LH11P 200697 7583921 Production 23/09/2020 44.6 0 – 41.34, 43.34 – 44.34 41.34 – 43.34 41.43 0.5 7.55 
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5.2  Pump Testing 

Given the bore constructions were designed for ‘groundwater sipping’ to minimise water 
quality variations, the pump testing differed from other hydrogeological investigations insofar 
as each bore was pumped at a constant rate of 0.5 L/s for 48-hours. Monitoring bores were 
monitored for changes in water level, temperature, salinity and pH over time using a 
combination of manual readings and automated data loggers.    

Drawdown levels during the constant rate tests were too low for conventional pump test 
analysis. Instead, Table 5-2 shows aquifer permeability (hydraulic conductivity) parameters 
estimated from the Cooper Jacob distance drawdown method using observation bore levels. 
Reference to the table shows that hydraulic conductivity varies between 12 and 90 m/day, with 
an average of 80 m/day.  

  Table 5-2: Cooper Jacob analysis of pump tests 
Bore 

ID Q (L/s) Obs 
radius Final drawdown (m) Delta S T 

Screen 
length K 

m Prod Bore Obs Bore m m2/day m m/day 

LH04P 43.2 22 0.74 0 0.21 37 3 12 
LH06P 43.2 20 0.13 0.08 0.01 542 6 90 
LH07P 43.2 21 0.3 0.23 0.02 389 4 97 
LH08P 43.2 14 0.22 0.06 0.05 162 3 54 
LH09P 43.2 20 0.41 0.18 0.07 118 3 39 
LH10P 43.2 20 0.46 0.03 0.13 63 2 32 
LH11P 43.2 - 0.69 - 0 2 

The manually recorded salinity, pH, temperature and water level measurements taken during 
the test are plotted in Appendix D.  Reference to these plots show the following: 

• Groundwater temperatures were variable between each bore ranging from 27.8 to
32oC, but temperatures remained more or less constant in each bore during the test;

• Salinity levels gradually increased over time across all bores, but not significantly;

• pH remained between 6.5 and 7.5;

• Observation bores were at a distance of 20 – 25 m from the pumped bore and
observations show the maximum drawdown was 0.23 m at 48-hours; and,

• Given the water table is deep, it was not possible to gate back the flow to a constant
low rate of 0.5 L/s at the start of each test, and therefore, it was necessary to start
with a higher rate (up to 6 L/s) while pumping filled the column and water reached the
gate valve. This resulted in an initial deeper drawdown in each test, followed by a
recovery. Nonetheless, the maximum final drawdown in all pumping bores was less
than 0.74 m (refer to Table 6-1).
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5.3  Laboratory Water Quality Analyses  

At the end of each 48-hour pump test, a water sample was collected and sent for laboratory 
analysis to test for pH, electrical conductivity (EC), total dissolved solids (TDS), ionic balance, 
turbidity, true colour, major ions, selected nutrients and metals (Appendix E); a total of seven 
(7) samples were collected and laboratory tested.  

Table 5-3 summarises laboratory EC, TDS and pH measurements from each production bore. 
The salinity in the seven production water bores varies from 3,000 to 14,000 mg/L TDS, being 
equivalent to 4,900 to 21,300 uS/cm. Figure 5-2 plots the relationship between EC vs TDS, 
which illustrates a linear relationship of 1 uS/cm equivalent to 0.61 mg/L.      

Table 5-3: Laboratory EC, pH and TDS measurements 

Bore Number pH 
EC  TDS  

(µS/cm) (mg/L by evap.) 
LH04P 7.3 15,200 9,400 
LH06P 7.4 11,600 7,000 
LH07P 7.3 21,300 14,000 
LH08P 7.3 4,900 2,900 
LH09P 7.4 8,070 4,700 

LH010P 7.3 7,250 4,400 
LH011P 7.3 10,200 6,300 

 

 

 

Figure 5-2: Relationship between EC and TDS 
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6.  BOREFIELD DEVELOPMENT PLAN 

Figure 5-1 shows the Project borefield, which comprises a total of eleven (11) production 
water bores, including four (4) equipped existing bores on Lot 2, plus seven (7) new production 
bores constructed within the Work Area on the east side of the Cape Range. The proposed 
borefield development plan would be as follows: 

• All existing and new bores would deliver raw groundwater to the main raw water 
storage tank farm on Lot 2 of the Lighthouse Resort via two collector mains. Water 
from the tank farm would in turn feed the RO water treatment plant;  

• All bores would be equipped to deliver nominal yields of 0.5 L/sec;    

• A float control on the raw water tank would send automatic calls to turn on/off each 
bore pump, with bore calls being rotated on a roster system, with the total number of 
bores activated at any one time being dependant on the drawdown water level in the 
tank farm; 

• During the seven-month peak tourist season (1 April to 31 October), the borefield 
would be operated to deliver a peak capacity of 259 kL/day to provide 181 kL/day of 
potable water; and 

• During the low season (1 November to 30 March), the borefield would be operated to 
deliver an average of 108 kL/day to provide 73 kL/day of potable water. 
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7.  ENVIRONMENTAL IMPACT ASSESSMENT 

The Project borefield has increased from the four (4) equipped bores on Lot 2, to a total of 
eleven (11) equipped bores including the addition of the seven (7) new bores along the eastern 
edge of the Cape Range. 

The borefield would be used to provide a base load of 292 kL/day, and a peak of 520 kL/day 
during the high tourist season (1 April to 31 October) each year and would be rested over the 
off-season, which coincides with the northern wet season.  

Saline groundwater abstraction for the Project would be increase from 32,000 kL/year to 
75,000 kL/year after completion of the Project.  

Using the Cooper Jacob Method, the maximum possible extent of drawdown impact around 
the borefield is calculated to be 370 m from the bores, with a maximum drawdown at each 
production bore ranging from 0.4 to 0.6 m based the assumption that each bore is continuously 
pumped at the peak rate of 0.5 L/s for the entire high season (210 days); and that the aquifer 
has an average transmissivity of 80 m2/day and specific yield of 20%.   

The brackish to saline water quality in the immediate vicinity of the production bores (3,000 to 
14,000 mg/L) is expected over the course of the high season as better-quality groundwater is 
sipped from the water table. However, the water quality will replenish seasonally with mixing 
of seasonal recharge from the Cape Range.    

The perceived environmental and social impacts that could potentially arise from the 
expansion of the Project borefield are as follows:  

• Environmental values – groundwater dependent ecosystems; 

• Economic values – other groundwater users; and 

• Social values – Aboriginal heritage. 

The following sections discuss these potential impacts. 
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7.1  Groundwater Dependent Ecosystems 

Groundwater dependent ecosystems (GDE) are biological assemblages that use available 
groundwater, or surface expressions of groundwater, either opportunistically or as their 
primary water source. GDEs are classified into three board categories, aquatic (e.g. wetlands), 
terrestrial (e.g. woodlands) and subterranean fauna (e.g. stygofauna), all of which have water 
requirements associated with water quality and quantity. In general, groundwater abstraction 
has the potential to adversely impact the health and diversity of GDEs that occur with the 
drawdown zone caused by continued abstraction.  

Several open source databases were reviewed to identify the existence of GDEs within 5 km 
of the new borefield. The Australian National Map database was reviewed to identify RAMSAR 
listed wetlands i.e. nationally important aquatic GDEs, and the Bureau of Meteorology (BoM) 
and the Department of Biodiversity, Conservation and Attractions (DBCA) databases were 
reviewed for all GDE types.   

7.1.1  Aquatic and terrestrial GDEs 

A review of these databases shows that there are no RAMSAR listed wetlands or terrestrial 
GDEs within the drawdown impact area and indeed no listed wetlands within a 5 km radius of 
the Project. Therefore, there will be no impact on these GDE types.  

7.1.2  Subterranean GDEs 

Stygofauna, as opposed to troglofaunal, is recognised as the being the most likely 
subterranean fauna to be affected by groundwater change.  

Bennelongia (environmental consultants) have been engaged to conduct a subterranean 
fauna study of the Project borefield comprising a comprehensive desktop study and a field 
sampling program in accordance with the Environmental Protection Agency (EPA) guidance 
documents.  Sampling prior to this report has not been possible due to the construction of 
bores having only recently been completed in late September 2020, and in line with EPA 
requirements, stygofauna sampling is to be undertaken 3 months post disturbance i.e. drilling. 

Notwithstanding the above, the BoM database reveals the presence of the ‘Cape Range 
Subterranean Waterways’, located approximately 4 to 5 km northeast of the Project (Figure 
7-1), beneath the North West Cape radio transmission aerial. 

7.2  Other Groundwater Users 

Figure 7-1 shows the location of all licenced water bores within the vicinity of the Project.  
Reference to this figure shows that there are no third party bores within the projected 
drawdown impact area around the borefield.    

The closest registered bore for general water usage is greater than 5.5 km from the Project’s 
borefield (registered as a stock and domestic bore) and the closet borefield for water supply 
is the Department of Defence (DoD) borefield, located more than 6 km from the Project.  

In summary, the Project will have no impact on third party groundwater users. 
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7.3  Aboriginal Heritage Sites 

The Exmouth region is known for its Aboriginal heritage significance, particularly across the 
Cape Range where heritage sites are registered. Where Aboriginal heritage sites are 
associated with the occurrence of water i.e. waterholes, groundwater abstraction has the 
potential to adversely impact the water related site by reducing groundwater flow to the 
waterhole. 

Figure 7-1 shows the location of all registered sites of aboriginal heritage within the vicinity of 
the Project.   Reference to the figure shows that: 

• The nearest heritage site with water significance is located about 3 km southwest of 
the new borefield. This site is described as a water-source site within the Cape Range, 
but the site has not been visited during the current investigations; 

• One Registered Aboriginal heritage site, Vlamingh Head (DPLH site ID 10381 – 
ceremonial), is located immediately over the Lighthouse Holiday Park which includes 
the four existing bores on Lot 2, but does not include the seven new bores. This blanket 
site is described as being culturally sensitive containing sacred places of  ceremonial 
and mythological significance. The actual locations of sites are not publicly available; 
and, 

• In addition to a review of the registered sites, the Proponent also engaged an 
Aboriginal heritage survey of the investigation area in late 2019, comprising desktop 
and field study by representatives from the Gnulli Group. During the survey, one artifact 
site was recognised (but not formally registered) of which for, a mitigation plan was 
developed to avoid the site by clearing a new access track (refer to Section 3). 

In summary, there are no heritage sites with water significance within the potential drawdown 
impact area around the borefield. The nearest site of water significance is 3 km away from the 
borefield and the Proponent has agreed to engage regularly with the Gnulli Group with respect 
to groundwater abstraction and protection of this site. The Proponent has implemented a 
management plan to avoid impact on one identified artifact site in the borefield area.  
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Figure 7-1: Project borefield with GDEs, other water bores and Aboriginal 
heritage sites 
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8.  CONCLUSION 

Northwest Resorts Pty Ltd (the Proponent) purchased the Ningaloo Lighthouse Holiday Park 
in late 2018 and is seeking to redevelop it into an eco-resort in 2021. The Proponent currently 
holds groundwater licence GWL153728 to take 32,000 kL/year from the Exmouth North Saline 
Resource but is seeking to increase the saline water allocation to 72,000 kL/year to produce 
50,000 kL/year of potable water. The borefield would provide up to 259 kL/day during the peak 
tourist season (1 April to 31 October) and 108 kL/day during the low season (1 November to 
31 March).  

At the time of the purchase, Lighthouse had four (4) existing equipped water bores on Lot 2, 
plus was receiving makeup water from the Department of Defence. In August 2020 the 
Department of Water and Environmental Regulation granted the Proponent a 26D permit 
CAW204525(1) to explore and develop seven (7) additional water bores in the Work Area 
along the eastern edge of the Cape Range, so that the Project could become fully self-
sufficient for water. The new bores were completed between August and September 2020 and 
as part of the hydrogeological investigations, all bores were pump tested for 48hrs at 0.5 L/s 
which water quality parameters were monitored during the tests. 

The hydrogeological investigations reveal that the Tulki Limestone beneath the Property is a 
saline groundwater resource, with better quality brackish to saline groundwater (3,000 to 
14,000 mg/L) at the water table, becoming more saline with depth. The highest measured 
salinity on the property was 24,000 mg/L from about 30 m below the water table, which is still 
less saline than seawater as measured at Exmouth during the program, being 33,200 mg/L.   
All bores are screened a few metres beneath the water table such that they skim only the 
better-quality groundwater from the top of the water table.   

Seasonal borefield abstraction in the high season is likely cause groundwater salinity in the 
immediate borefield vicinity to increase marginally as better-quality groundwater is sipped from 
the water table. However, water quality would recover over the wetter season, when 
abstraction rates are minimal and when natural recharge over the Cape Range is at its highest.    

Groundwater abstraction over the high season is likely to cause a maximum discernible 
drawdown impact extending up to 370 m from the borefield, with the highest drawdown in each 
production bore ranging from 0.4 to 0.6 m.     

The perceived environmental and social impacts that could may arise from the expansion of 
the Project borefield are as follows:  

• Groundwater dependent ecosystems - Bennelongia (environmental consultants) 
have been engaged to conduct a subterranean fauna study of the Project borefield, 
which will comprise a comprehensive desktop study and a field sampling program in 
accordance with the Environmental Protection Agency guidance documents.  
Sampling prior to this report has not been possible because the bores were only 
completed in late September 2020, and in line with EPA requirements, subterranean 
fauna sampling should ideally be undertaken 3 months post disturbance.  
Notwithstanding the above, the BoM database reveals the presence of the ‘Cape 
Range Subterranean Waterways’, located approximately 4 to 5 km northeast of the 
Project; 
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• Other groundwater users – the Project would have no impact on other groundwater 
users because there are no other users within the drawdown impact area; indeed, the 
nearest third-party bore is more than 5 km away from the Project; and 

• Aboriginal Heritage – the Project would have no unacceptable impacts on aboriginal 
heritage values because there are no sites with water significance within the drawdown 
impact area; the nearest site of water significance is 3 km away and the Proponent has 
agreed to engage regularly with the Gnulli Group with respect to groundwater 
abstraction and protection of this site; and the Proponent has implemented a 
management plan to avoid impacts to one identified artifact site within in the borefield 
area.  
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Copyright 
 

This report and the information contained herein is subject to copyright. No portion of this 
document may be reproduced or copied in any form without the written consent of the joint 
copyright holders, being the Gnulli people and their representative Yamatji Marlpa Aboriginal 
Corporation. 

Ownership of the intellectual property rights of the information provided by the Gnulli Native 
Title Claim Group native title representatives remains the property of those named 
representatives. 

© YMAC 2019 

 

Spatial data and GIS 
 

Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 
Positioning System device. The manufacturer states that these devices are accurate to within 
+/- 5 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 
[Zone 50].   
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 
and ethnographic work program clearance (WPC) survey completed on the Gnulli native title 
claim (WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 
NWR requested an archaeological and ethnographic WPC heritage survey of their proposed 
section 91 water bores. The project area and the completion status at the end of the survey is 
summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 
descendants of Aboriginal people from the Cape Range area. These representatives were 
nominated by the native title group based on the most current selection processes endorsed 
by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size Completion 
Status Request 

Water Bores 
5.95 ha 

 

Partially 
complete 

Archaeological and anthropological work 
program clearance survey 

 

2.1 Summary of results 
 

 Water Bores and the associated access track as defined in the original request are 
partially clear for the stated works to proceed. The eastern end of the southern access 
track was truncated to end at Water Bore target number LH 001 at the request of the 
proponent and the northern end of the access track has been amended in order to 
avoid a heritage site. Map 3 depicts the cleared areas; 

 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 
 The Work Program Clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of a Heritage Information Submission Form 
(HISF) to DPLH. 

The results of the archaeological and anthropological heritage survey are presented in section 
7 and map 3. Detailed recommendations and heritage considerations are presented in section 
8.  
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3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for 
new water bores and an associated access track to draw groundwater to supply the Ningaloo 
Lighthouse Holiday Park. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 
(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 
to request an archaeological and ethnographic WPC heritage survey over their proposed 
section 91 water bores project area. 

The archaeological and anthropological heritage survey was conducted within Temporary 
Reserve TR 70/2614. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 
areas. 
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Map 1: Section 91 water bores and access track 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 
proposed section 91 water bores. The spatial data was entered into the Department of 
Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage Enquiry System (AHIS) to identify 
any Registered Aboriginal sites, other heritage places (OHPs), prior surveys and associated 
reports relevant to the project area. Where applicable, unpublished heritage reports and 
relevant academic resources were also consulted. These site files and reports were requested 
from the DPLH and reviewed prior to mobilisation. The summaries of these reports are 
presented in section 6 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 
the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 
section 5 and section 39 of the AHA. These sites are added to the permanent register of 
Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 
assessed by the ACMC. While they are pending assessment they are entered onto the 
temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 
so disturbed that the heritage values are no longer present or places that have been 
assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified no Registered heritages sites or OHPs within the project area. 
There is one registered Aboriginal site within the vicinity of the water bores and associated 
access track (see map 2). Vlaming Head (DPLH ID 10381) is a place of sacred importance 
(Randolph et al 1986) that has a closed or obscured boundary on the DPLH public database 
because of cultural sensitivity. This site is linked to other sites of spiritual and ceremonial 
importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 
occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 
current survey area are a number of different site types. Shell middens have been located on 
the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 
paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 
Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 
such as that found near freshwater creeks and mangrove communities, which provide both 
aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 
eastern side of the peninsula but this may be the result of less systematic inspections on this 
side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 
Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 
Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 
by recreational use of the area (Morse 1984:1).  

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 
to the survey area and provides a deeper understanding of the cultural landscape. Prepared 
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by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 
“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 
neighbors of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 
an area roughly between Point Cloates and Quobba Point and inland to approximately Mia 
Mia. To their north were the Jinigudira and to the south the Maia. Probably during the latter 
portion of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 
pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 
elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 
like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 
them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 
Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 
kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 
Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 
local population in the 1800s or are considerably older, the sand dunes of the coast and 
Exmouth region have proved to be preferred burial places. The possibility of finding human 
remains in the vicinity of the project area would be reasonably high especially in the coastal 
dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 
history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 
that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded cultural heritage sites in the vicinity of Vlamingh Head. 
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4.1 Summary of DPLH registered Aboriginal sites 
 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH records this cultural place where Aboriginal people have attributed significant 
meaning to the limestone ridge of Cape Range which ends at its northern most point with 
Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu after the 
name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. This 
sacred place is now a registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 
polygon, overlaps the Ningaloo Lighthouse Holiday Park but not the proposed bore field. 
However, the actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 
including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 
a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 
Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 
4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 
consultation for an application under Regulation 10 of the AHA and a work program clearance 
survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 
descendants of the original informants, reiterated the importance of the DPLH ID 10381 
Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 
compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 
ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 
the survey conducted closest to the current project areas. The survey only covered an area of 
300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 
centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 
that cultural material had been found in red dune deposits similar to that found in the project 
area, but that these were approximately 1.5 km to the north and closer to the resources of the 
coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 
with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 
concluded that the inland areas appeared to have been used for gathering plant foods and 
hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 
relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 
sites in the area. The report also provides recommendations for the management of the sites 
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in relation to tourists visiting the region. This consultation was not exhaustive by the standards 
of today and should be revisited before any of the recommendations are implemented. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 
Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 
Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 
and recorded as a result of the fieldwork. The report contains historical renderings of rafts 
used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 
of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 
Vlaming Head is described in the report and the relationship between the site and the cape 
ranges is explained. 
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5 Survey areas 
The project area is located 17 km northwest of Exmouth at Vlamingh Head. It includes water 
bore targets and an associated access track. If successful the groundwater will be used to 
provide water for the proposed holiday park. 

Spatial information reveals the cultural topography for the area is dominated by two landforms: 
sand ridges up to 12 metres high east of the limestone ridge called Cape Range. The general 
area also contains evidence of previous disturbance such as multiple access tracks, numerous 
bores, windmills and wells, small mines and sewerage treatment ponds for the holiday park. 

 

5.1 Section 91 Water Bores and Access Track 
The proposed bore field is approximately two km south of the existing holiday park and access 
is gained to the area via a surviving dirt track. It is intended that this track and the proposed 
tracks linking the individual bore targets will be upgraded prior to the drilling project. Although 
it appears that the drill targets on the east west lines are on previously existing tracks, these 
alignments are overgrown and poorly defined. The north south running track is in better 
condition and was easily navigated in 4WD vehicles. 

Seven drill targets and 2.77 km of vehicle track comprised the planned water bore survey. The 
proposed track upgrade corridor as defined is 20 m wide and is centred on the existing 
alignments. During the survey the eastern end of the southern access track was truncated to 
end at Water Bore target number LH 001 at the request of the proponent. Prior to the survey 
each bore target was given a 20 m radius to allow for clearing and the establishment of a drill 
pad but this radius was increased to 25 metres following a discussion on site regarding the 
drilling process.  

The proposed water bores are located on the Tulki limestone above an aquifer from which 
NWR intend to draw groundwater. This fresh groundwater is thickest or deepest towards the 
centre of the peninsula and in order to gain access to this level of water the bores are located 
inland. In these areas the surface of the landscape consists of red dunes and elevated 
sandplains. To the west are the limestone ranges and the nearest stretch of coastline is 
adjacent to the holiday park, 2.5 km to the north. The vegetation consists of spinifex (triodia 
sp), shrubs and small trees (Banksia sp). 
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Plate 2: Looking east along the southern water bore access track. 

  



 

Page 13 of 28 

6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 
During the brief the heritage team discussed the scope of works, proposed use of the land, 
and the WPC heritage survey methodologies. The Gnulli representatives had the opportunity 
to discuss, contribute to, and comment upon the proposed survey methodology and gave their 
consent to the WPC methodology. Field briefings were completed every morning to ensure 
ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 
debrief meeting the team discussed the results of the survey, sought feedback, and collected 
recommendations and considerations for the sites and project area from the Gnulli. 

WORK PROGRAM CLEARANCE 

The archaeological and anthropological heritage survey within the water bore target areas 
and access track was undertaken to a work program clearance heritage standard. These 
types of survey usually occur in the very early stages of project planning and exploration. WPC 
surveys occur when the proponent has identified the preferred location of the work program, 
usually a drill program. When heritage places are identified they are given a boundary and 
delineated as not clear. The consultant will then endeavour to provide an appropriate deviation 
around the site to allow the work program to continue. 

The minimum recording standards for YMAC WPC surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 
 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner representatives. It is expected that this 
will be noted in the report where it occurs along with an explanation of why the 
increased spacing was deemed necessary, accompanying photographs of the terrain 
and the names of the Traditional Owner representatives that endorsed the change of 
methodology; 

 Recording of outer lines or central lines using tracks on hand held global positioning 
system (GPS) devices with a minimum accuracy of +/- 5 m; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 
heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 
 On WPC surveys a deviation may be required by the proponent, these should provide 

a sufficient buffer around any heritage places; 
 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 
visibility and potential visitation by non-authorised persons. In this instance, the wishes 
of the Traditional Owner representatives supersede this standard; 

 Recording of survey progress by archaeologist / anthropologist using a field notebook; 
and 

 An appropriate photographic record of the survey. 
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6.1 Archaeological survey 
Water bore target areas and access track 

All of the survey areas were subject to a pedestrian inspection using a hand held GPS unit 
(Garmin GPS Map Datum WGS84 Zone 50) to follow the spatial data provided by the 
proponent. The access track survey corridor is 20 m wide and the entirety of this corridor was 
walked by the archaeologist and between two and six Gnulli representatives. Because there 
is an existing track that will be upgraded, the survey team flanked this alignment.  
Each of the seven water bore target sites were inspected as part of the track survey. When 
the party reached a water bore pad the individuals spread out to cover the 50 m wide area. 
 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 
participated and observed the Gnulli participants walking transects and locating artefactual 
material. The anthropologist discussed and recorded ethnographic comment and observations 
in a field notebook at the respective project areas and potential impact of proposed DBCA 
works with the Gnulli participants. This information and data was later analysed and 
conclusions drawn to formulate appropriate recommendations for cultural heritage 
management. Maps of the survey area were made available to the Gnulli participants during 
the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 
survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 
60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 
NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 
consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 
representatives. After a discussion of the proposed developments the group decided that the 
heritage survey would commence with the visit to the proposed bore field area. The YMAC 
anthropologist participated in the archaeological survey walking over the bore field project 
area discussing cultural issues with the Gnulli participants. 

The survey team travelled in 4WD vehicles along existing tracks south of the holiday park to 
the location of proposed bore drill pad LH003 where the survey team inspected the access to 
LH001 approximately 700 metres east. There were no finds of artefactual material and no 
cultural issues were raised by the Gnulli participants. The survey team travelled north along 
the existing tracks to inspect the remaining four drill pads and access with similar findings 
except where artefactual material was found at Section 91 Water Bores Avoidance Area One. 
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Plate 3: Looking west at Section 91 Water Bores Avoidance Area One 

This cultural material will be avoided by deviating the access track to the east. There was 
general ethnographic comment made about the effect of drilling into the water below the 
surface and the potential impact on nearby water-sources traditionally used by Aboriginal 
people. Concerns were raised in May 2019 by YMAC that pumping of groundwater may 
adversely impact water holes 3km south-west of the borefield (ref. Technical Memorandum 
2019). The memo authors concluded that the pumping rates would be too low to affect water 
holes on the other side of the ridge. Further concerns were raised by the Gnulli participants 
about unauthorised camping and trespass which has left campsite fireplaces and rubbish in 
the area. 

The survey concluded with a discussion about the proposed development and its potential 
impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 
the Baiyungu have an obligation and a right under native title and heritage to be respected 
and recognized as the custodians of this place and story and wish to work together with 
proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 
and control unauthorised access that might damage the place and upset the ancestors. The 
Gnulli representatives commented that these same ancestors protected and cared for the 
survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 
community. 



 

Page 16 of 28 

 

7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey and consultation of the proposed section 91 water 
bores for NWR. The results are summarised in Table 2 and Map 3 below. The spatial data has been provided with the preliminary advice. A 
summary of the heritage place recorded to WPC standard is presented below.  

 

Table 2: Summary of results from GNU680-1 water bores and access track survey. 

Scope # 
/ Name 

Completion 
status 

Heritage places / 
areas 

DPLH Registered 
Aboriginal sites 

DPLH other heritage 
places Newly identified Aboriginal sites 

Water 
Bores Partially complete One not clear area N/A N/A Section 91 Water Bores 

Avoidance Area One 
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Map 3: Water bore targets and access track surveyed areas. 
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7.1 Newly identified heritage sites 
 

One cultural heritage site was identified within the proposed section 91 water bores access 
alignment and was recorded to WPC level. An alternate alignment for the proposed water bore 
track was defined in order to avoid and protect the area of cultural material. The alternate route 
was placed to avoid both the site and a longitudinal sand dune to the east. It reconnects to the 
northern end of the proposed alignment within a disturbed quarry area. 

7.1.1 Section 91 Water Bores Avoidance Area One – artefact scatter 

This is a scatter of stone artefacts that was revealed in a section of the existing track. It is 
located at the northern end of the proposed alignment where the track skirts the eastern end 
of the ranges. North of this the track descends into the existing quarry area. 

Site boundary 

The site boundary was defined to encompass all visible artefacts within the track area and on 
the undisturbed sand plain above. A suitable buffer to account for GPS accuracy was included 
on the southern, northern and eastern sides. The western boundary of the site was not 
assessed during this survey and it is assumed that it extends into the limestone range and the 
drainage valley beyond the area currently defined for the scatter. This section of the border is 
depicted as a straight line and is not indicative of a proved boundary. As it is delineated the 
boundary will be sufficient as the current activity will be within the existing access track and to 
the east of the site. If any work is proposed to the west of the site the boundary will have to be 
revisited as it is possible that it extends westward into the ranges. 

Environmental context 

The cultural material is situated at the southern margin of the entrance to a drainage valley 
within the ranges. This is a well-defined drainage line that cuts through the ranges and empties 
onto the sandplain at this point. It is probable that the water descending through this valley 
runs onto the track and has created the washout where the cultural material was identified. In 
this section of the track the soil has washed away revealing limestone from the ranges 
beneath. 

The area immediately surrounding this section of the track appears to be better watered as 
there are more trees, including Eucalypt species, than on the surrounding sand plain. Spinifex 
dominates the vegetation on the plain between the ranges and the sand dune to the east. 

Description 

The scatter consists of quartzite and silcrete flakes and one rotated quartzite core. None of 
the flakes are primary flakes although most are broken, which may be due to damage from 
vehicles using the track. The highest density encountered during recording was three artefacts 
per square metre, although this was within the track and it is possible that the concentration 
was due to damage from vehicles and water scouring. One transversally broken flake was 
found on the plain above the track but it is possible that there are more present that are 
obscured by vegetation. 

These are the remains of an occupation site located near the resources of both the ranges 
and the plain and the water that drains seasonally through the valley. Freshwater would have 
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drained past the site during the wet season and game and plant resources (see Przywolnik 
1998:9) would have been available in both the ranges above and on the plain to the east.  

On the western coastal side of the ranges, larger sites are typically found in areas adjacent to 
freshwater creeks and the resources of the mangrove communities (Murphy et al 1995:9). On 
the eastern side of the ranges fewer sites have been recorded and this could be due to less 
resources available on the plain but may also be the result of less surveys conducted in this 
area (Morse et al 1990:2). Certainly during this survey no cultural material was encountered 
on the plains and dunes to the east of the ranges. 

Site condition 

The site is bisected by an existing track, which has cut into the sand plain and attracted water 
erosion from seasonal rainfall draining from the ranges. This disturbance has had an impact 
on a section of the site, but not all of it, and has served to reveal or deposit some artefacts 
that might have been obscured by sediment. The track is in current use for access to the bore 
field and other areas to the south.  

As a result of this recording, NWR plan to move the alignment of the track to the east to avoid 
the site. If this occurs and the new alignment becomes the preferred track then the sand plain 
and vegetation should reclaim the area of the site that is within the track. To this end it would 
be preferable that access to this section of the track is blocked with windrows or similar, and 
only the new track be used. The area of the track within the site should not be subject to 
rehabilitation efforts as this will cause more disturbance. 

Importance and significance 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2b) 
of the AHA. The Gnulli representatives present during the recording of the site were adamant 
that the site be protected as evidence of the activities of their ancestors. Gavin Parfitt and 
William Shea were walking the transect that intersected with the site and identified the first 
artefacts. These were thought to be isolated but it transpired that the artefacts are part of a 
larger scatter. Gavin was concerned that measures are implemented for the protection of the 
site and Dalton Dickerson expressed concern that potential sub surface deposits surrounding 
the track be preserved. 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2c). 
Artefact scatters are a relatively common site type within the Exmouth region. Of the 
Registered sites identified within the Shire of Exmouth 20% are artefact scatters and a further 
59% of the recorded sites have an artefact scatter component. The majority of these sites, 
however, have been recorded within the ranges or on the west side of the peninsula adjacent 
to the resources of the coast (Morse et al 1984:8; Murphy et al 1995:9; Morse et al 1990:2). 
The presence of a habitation site within an area that is not in proximity to the coast and is not 
within the ranges, has the potential to answer questions about the past use of the plain within 
the cape area (Przywolnik 1998:9). 
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Plate 4: Looking north toward Section 91 Water Bores Avoidance Area One. 

 

Plate 5: Looking south over the track through Section 91 Water Bores Avoidance Area One. A 
limestone base is visible in the lower surface of the track. 
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Plate 6: Section 91 Water Bores Avoidance Area One artefact one 

 

Plate 7: Section 91 Water Bores Avoidance Area One artefact two 
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Plate 8: Section 91 Water Bores Avoidance Area One artefact three 

 

 

7.2 Reassessed heritage sites 
One previously recorded heritage site was the subject of the ethnographic consultation. ID 
10381 Vlaming Head is not within the Section 91 area but those consulted were concerned 
about indirect disturbance to the site from the water bores. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 
Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 
the ranges reaches the ocean. Access to power is gained at this location to protect the cape 
region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 
the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 
Head, fears are held by the representatives for the safety of the area and their people if the 
importance of the site is not observed. As the groundwater is important in the sacred 
narratives, the Gnulli representatives raised concerns regarding the drawing of water from 
bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 
Aboriginal traditional law to be respected and recognized as the custodians of this place and 
mythological story and wish to work together with visitors to protect and care for this place, 
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raise awareness of Inagudura culture and control unauthorised access that might damage the 
place and upset the ancestors.  

7.3 Summary of Surveys 
 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 
 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 
 Given the importance of the groundwater in the sacred narratives of the region, the 

Gnulli representatives raised concerns regarding the drawing of water from bores on 
the Cape; 

 Gnulli representatives requested that the proponent meet with elders and senior 
members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 
who were unable to attend the heritage survey to discuss mitigative strategies and the 
ongoing relationship with the relevant native title holders. 
 

  



 

Page 24 of 28 

8 Recommendations and considerations 
An archaeological and ethnographic WPC heritage survey of the proposed section 91 water 
bores for NWR is now complete. The proposed works are partially cleared to proceed subject 
to the following recommendations: 

1. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 
the water bore access track survey area and a deviation to avoid the site was 
identified and inspected for cultural material; 

2. The work program clearance level recording of Section 91 Water Bores Avoidance 
Area One is insufficient for the submission of an HISF to DPLH. 

3. It is advised that if human remains, skeletal materials that may be human, or materials 
that may belong to a human grave are discovered during activity within the cleared 
survey areas, NWR must follow the DPLH procedures and stop work immediately, and 
the materials and the area around them must be left undisturbed. The Western 
Australian Police must be informed immediately as well as Gnulli traditional owners, 
through their representative, YMAC, as soon as practicable. 

4. It is recommended that NWR employees and contractors executing the proposed 
works be informed of the contents of this report and their obligations under the AHA. 

5. It is recommended that NWR maintain discussions with the Gnulli people, regarding 
any future matters that may arise in relation to the areas surveyed, including any further 
proposed excavation or ground disturbance activities or access to uncleared proximate 
areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 
on the Cape and would prefer that NWR implements a desalination process for their 
water use at the site. 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 
used to search the DPLH’s Register of Aboriginal 
Sites which records the location and other information 
concerning registered Aboriginal sites and other 
heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 
holders. These representatives are selected by the 
native title group via the most up to date selection 
process endorsed by the relevant committee of the 
Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 
title group in conjunction with suitably qualified 
heritage professionals (e.g. archaeologists and / or 
anthropologists), for the purpose of identifying and 
recording heritage sites and areas within a defined 
project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 
a site’ OHPs lodged OHPS are sites that have been 
reported to the DPLH but have not yet been 
assessed by the ACMC. While they are pending 
assessment they are entered onto the temporary 
register. ‘Not a site’ OHPs are sites which have been 
submitted to the DPLH and assessed by the ACMC 
as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 

 

 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
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M001 Exmouth Lighthouse Resort Borefield (Rev B) 

Name:  Daniel Griffin Date:  19 June 2020 

Company:  Minderoo  Job/Doc. No.:  JBS&G58909-130,188 

Email:  dgriffin@mindaroo.com.au Inquiries:  Tristan Sleigh 

Exmouth Lighthouse Resort Borefield – Ecological Survey Report 

1. Introduction and Scope 

North West Resorts Pty Ltd (the Client) are progressing their development of the Exmouth 
Lighthouse Resort. To support this development, a borefield is required to be constructed. To enable 
the construction, vegetation clearing is required for both the bore sites and access tracks. 

The Client has engaged Strategen JBS&G to undertake a flora and vegetation survey within the 
proposed borefield area (Figure 1). Specifically, the outcomes of the work will to support the Native 
Vegetation Clearing Permit Application to be submitted under Part V of the Environmental 
Protection Act 1986 (EP Act). 

This memorandum presents the findings of the ecological survey. 
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2. Context 

2.1 Legislative context 

Flora and fauna in WA are protected formally and informally by various legislative measures, which 
are as follows: 

• Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) – Australian 
Government 

• Biodiversity Conservation Act 2016 (BC Act) – State  

• Environmental Protection Act 1986 (EP Act) – State 

• Biosecurity and Agriculture Management Act 2007 (BAM Act) – State.  

A short description of each legislative measure is given below.  

2.1.1 EPBC Act 

The EPBC Act aims to protect Matters of National Environmental Significance (MNES). Under the 
EPBC Act, the Commonwealth Department of the Environment and Energy (DEE) lists protected 
species and Threatened Ecological Communities (TECs) by criteria set out in the Act. Species are 
conservation significant if they are listed as Threatened (i.e. Critically Endangered, Endangered and 
Vulnerable) or Migratory.  

2.1.2 BC Act 

DBCA lists taxa (flora and fauna) under the provisions of the BC Act as protected and are classified as 
according to their need for protection. The BC Act makes it an offence to ‘take’ threatened species 
without an appropriate licence. There are financial penalties for contravening the BC Act. 

2.1.3 EP Act 

Threatened flora, fauna (and significant habitat necessary for the maintenance of indigenous fauna) 
and Threatened Ecological Communities (TECs) are given special consideration in environmental 
impact assessments and have special status as Environmentally Sensitive Areas (ESAs) under the EP 
Act and the Environmental Protection (Clearing of Native Vegetation) Regulations 2004. Exemptions 
for a clearing permit do not apply in an ESA. 

2.1.4 BAM Act 

The BAM Act provides for management and control of listed organisms, including introduced flora 
species (weeds). Species listed as declared pests under the BAM Act are classified under three 
categories:  

• C1 Exclusion: Pests assigned under this category are not established in Western Australia, 
and control measures are to be taken to prevent them entering and establishing in the State. 

• C2 Eradication: Pests assigned under this category are present in Western Australia in low 
enough numbers or in sufficiently limited areas that their eradication is still a possibility. 

• C3 Management: Pests assigned under this category are established in Western Australia, 
but it is feasible, or desirable, to manage them in order to limit their damage. Control 
measures can prevent a C3 pest from increasing in population size or density or moving from 
an area in which it is established into an area that is currently free of that pest.  

Under the BAM Act, land managers are required to manage populations of declared pests as 
outlined under the relevant category. 
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3. Survey Methods 

3.1 Desktop assessment 

Database searches were undertaken to produce a list of vascular flora, vertebrate fauna, and 
Threatened and Priority ecological communities previously recorded within, and nearby the Survey 
Area – with an emphasis on species and communities of conservation significance and introduced 
species (Table 1). Database searches were conducted within a 40km buffer of the Survey Area to 
ensure an accurate representation of the surrounding ecosystem was captured.  

Table 1: Database searches conducted for the desktop assessment 
Custodian Database Taxonomic group Buffer 

DBCA NatureMap Flora and Fauna 40km 

DAWE Protected Matters Search 
Report 

Flora and Fauna, Ecological 
Communities 

40km 

DBCA Threatened and Priority 
Flora 

Flora 40km 

DBCA Threatened and Priority 
Ecological Communities 

Ecological Communities 40km 

3.2 Field assessment 

3.2.1 Flora and vegetation 

The field survey of the Exmouth Lighthouse Resort Borefield was conducted by one ecologist from 
Strategen JBS&G on 13 June 2020. The survey was conducted in accordance with guidelines provided 
in Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment (EPA 
2016) and is suitable to support native vegetation clearing permits. 

A reconnaissance flora and vegetation survey was conducted across the site, with a targeted flora 
survey within areas likely to support conservation significant flora species. 

Flora and vegetation was described and sampled systematically at each survey site (relevé) and 
additional opportunistic collecting were undertaken wherever previously unrecorded plants were 
observed. At each site, the following floristic and environmental parameters was noted: 

• GPS location. 

• Topography. 

• Soil type and colour. 

• Outcropping rocks and their type. 

• Percentage cover and average height of each vegetation stratum. 

For each vascular plant species, the average height, number of plants and percent cover was 
recorded. Between relevé locations, opportunistic observations were also recorded. These 
observations included: 

• Changes in vegetation structure and composition. 

• Changes in vegetation condition. 

• Taxa not previously recorded. 

• Flora of conservation significance. 

• Significant weed populations. 

All plant specimens collected during the field surveys were identified using appropriate reference 
material or through comparisons with pressed specimens housed at the Western Australian 
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Herbarium where necessary. Nomenclature of the species recorded is in accordance with Western 
Australian Herbarium (1998-). 

Data was grouped into a species by site matrix to delineate individual vegetation types (VTs) present 
within the survey area. Aerial photography interpretation and field notes taken during the survey 
will then be used to develop VT mapping polygon boundaries over the survey area. These polygon 
boundaries will then be digitised using Geographic Information System (GIS) software. 

Vegetation condition was recorded at all quadrats, and also opportunistically within the survey area 
during the field assessment where required. Vegetation condition was described based on the scale 
developed by Trudgen (1988) and modified and adapted as presented in the Technical Guidance 
(EPA 2016). Vegetation condition polygon boundaries were developed using this information in 
conjunction with aerial photography interpretation and digitised as for vegetation type mapping 
polygon boundaries. 

The targeted survey traversed habitat within and adjacent to the clearing application area with 
potential to support conservation significant flora species. Any conservation species identified were 
recorded population density and extent mapped. Tracks recorded during the survey are shown in 
Figure 2.   
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4. Results 

4.1 Desktop Assessment 

4.1.1 Landsystems 

The project area occurs within the Range System and can be described as ‘Dissected limestone 
plateaux, hills and ridges with gorges and steep stony slopes supporting hard spinifex, sparse shrubs 
and eucalypts.’ 

4.1.2 Vegetation 

Vegetation occurring within the region was initially mapped at a broad scale (1: 1 000 000) by Beard 
during the 1970s.  This dataset formed the basis of several regional mapping systems, including the 
biogeographical region dataset (Interim Biogeographic Regionalisation for Australia) for Western 
Australia (Department of the Environment and Energy, 2017), physiographic regions defined by Beard 
(1981). 

4.1.2.1 Beard (1990) Botanical Subdistrict 

The Survey Area occurs within the Carnarvon Botanical District of the Eremaean Province which is 
characterised by Acacia scrub and low woodland moving to tree and shrub steppe in the north (Beard 
1990). 

4.1.2.2 IBRA subregion 

IBRA describes a system of 89 ‘biogeographic regions’ (bioregions) and 419 subregions covering the 
entirety of the Australian continent (DEE 2017). Bioregions are defined on the basis of climate, 
geology, landforms, vegetation and fauna.   

The Survey Area occurs within the Cape Range IBRA subregion which within the project area is 
dominated by Acacia shrublands over Triodia on limestone (Acacia stuartii or A. bivenosa) and red 
dune fields (Kendrick and Mau 2002).   

4.1.2.3 Vegetation association mapping 

The Survey Area comprises one vegetation association (Shepheard et al. 2001). Percentage remaining 
of the vegetation association is provided in Table 2 (GoWA 2019a).  Within the local area (10km 
radius), 71% of the pre-European vegetation extent remains.  This excludes native vegetation still 
present contained within areas of Commonwealth Land. 

Table 2: Vegetation associations within the Survey Area 
Vegetation 
Association 

Description Current Extent Percent 
remaining in 
IBRA Region 

Percent 
remaining 
within local 
area (10km) 

662 Hummock grassland; shrub steppe; mixed acacia 
scrub & dwarf scrub with soft spinifex & Triodia 
basedowii 

282,125.59 99.64% 95% 

4.1.2.4 Threatened and Priority Ecological Communities 

Searches of the EPBC Act PMST and the DBCA TEC/PEC databases identified one TEC within the 
project footprint, the Camerons Cave Troglobitic Community listed as a Critically Endangered TEC by 
DBCA. 

Camerons Cave troglobitic community (obligatory cave inhabitants) is known only from Camerons 
Cave on the Cape Range peninsula. The community contains a unique assemblage of species, at least 
eight of which are known only from this location. Based on potential habitat, this community highly 
unlikely to occur within the project area. 
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4.1.3 Flora 

A desktop survey for Threatened and Priority flora that may potentially occur within the Survey Area 
was undertaken using NatureMap (Parks and Wildlife 2007-), the Western Australian Herbarium 
(Western Australian Herbarium 1998-), and the DAWE Protected Matters Search Tool (DEE 2017c) 
(Figure 3; Attachment A).  

Table 3 shows the Threatened and Priority flora potentially occurring within the Survey Area. The 
desktop assessment identified 17 Priority flora species that have been recorded in the local area. Of 
these, based on general habitat requirements (Table 3), four Priority 2, three Priority 3 and one 
Priority 4 flora species are considered to have potential to occur within the Survey Area: 

• Brachychiton obtusilobus (P4). 

• Corchorus congener (P3) 

• Daviesia pleurophylla (P2) 

• Eremophila occidens (P2) 

• Phyllanthus fuernrohrii (P3) 

• Stackhousia umbellata (P3) 

• Tephrosia sp. North West Cape (G. Marsh 81) (P2) 

• Verticordia serotina (P2). 

 
Table 3: Threatened and Priority flora potentially occurring within the Survey Area 
Taxa Conservation 

status 
Known habitat Potential to occur 

(based on desktop 
assessment) 

Potential to occur 
(post field 
assessment) EPBC 

Act 
BC Act 

Acanthocarpus rupestris nil P2 Slopes and gullies. Red 
sand/ limestone 

Unlikely based on 
habitat. 

Highly unlikely 

Calandrinia sp. Cape Range 
(F. Obbens FO 10/18) 

nil P2 Slopes and gullies. 
Skeletal limestone soil. 
On Red brown sandy 
clay loam in cracks 
between rock over 
limestone. 

Unlikely based on 
habitat. 

Highly unlikely 

Daviesia pleurophylla nil P2 Sand dunes Recorded Recorded 

Eremophila occidens nil P2 Orange/brown sand. 
Limestone ranges, 
dunes. 

Likely based on 
habitat 

Unlikely 

Harnieria kempeana subsp. 
rhadinophylla 

nil P2 Amongst limestone 
rocks, creek banks. 

Unlikely based on 
habitat 

Highly unlikely 

Tephrosia sp. North West 
Cape (G. Marsh 81) 

nil P2 orange-red to brown 
soil with limestone 
fragments, over 
limestone 

Possible based on 
habitat 

Unlikely 

Tinospora esiangkara nil P2 Pebbly orange-brown 
calcareous loam. 
Limestone outcrops or 
ridges, near creek bank. 

Unlikely based on 
habitat 

Highly unlikely 

Verticordia serotina nil P2 Red sand. Sand dunes. Likely based on 
habitat 

Unlikely 

Acacia alexandri nil P3 Limestone. Stony 
creeks, steep rocky 
slopes. 

Unlikely based on 
habitat 

Highly unlikely 
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Acacia startii nil P3 Calcareous loam with 
limestone pebbles. 
Stony hills & 
watercourses. 

Unlikely based on 
habitat 

Highly unlikely 

Corchorus congener nil P3 Sand, red sandy loam 
with limestone. Sand 
dunes, plains. 

Likely based on 
habitat 

Unlikely 

Eremophila forrestii subsp. 
capensis 

nil P3 Brown rocky soils, 
limestone. Ridges. 

Unlikely based on 
habitat 

Highly unlikely 

Grevillea calcicola nil P3 Limestone hilltops. Unlikely based on 
habitat 

Highly unlikely 

Phyllanthus fuernrohrii nil P3 Sandy soils on 
limestone. 

Possible based on 
habitat 

Unlikely 

Stackhousia umbellata nil P3 Sandy soils on 
limestone. 

Possible based on 
habitat 

Unlikely 

Brachychiton obtusilobus nil P4 Rocky limestone ranges, 
gorges, occasionally 
sandplains. 

Possible based on 
habitat 

Recorded 

Eremophila youngii subsp. 
lepidota 

nil P4 Stony red sandy loam. 
Flats plains, floodplains, 
sometimes semi-saline, 
clay flats. 

Unlikely based on 
habitat 

Highly unlikely 
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4.1.4 Vertebrate Terrestrial Fauna 

A desktop survey for Threatened and Priority fauna that may potentially occur within the Survey 
Area was undertaken using NatureMap (Parks and Wildlife 2007 and the DAWE Protected Matters 
Search Tool (Attachment A).  

Table 4 shows the Threatened and Priority fauna potentially occurring within the Survey Area. The 
desktop assessment identified nine Threatened and two Priority fauna species that have been 
recorded in the local area. Of these, based on general habitat requirements, no conservation 
significant fauna species are considered to potentially occur within the clearing application area. 

Table 4: Threatened and Priority fauna potentially occurring within the Survey Area 
Taxa Conservation status Known habitat Potential to 

occur EPBC Act BC Act 

Anilios splendidus nil P2 Heath over limestone (Parks and Wildlife 
2007) 

Unlikely based 
on habitat. 

Aprasia rostrata nil P3 Highly calcareous sandstone, the higher parts 
are rocky with other areas consisting of flat, 
dried mud, like the bed of a dried-up lake 

Unlikely based 
on habitat. 

Calidris ferruginea CR T Intertidal mudflats in sheltered coastal areas, 
such as estuaries, bays, inlets and lagoons, and 
also around non-tidal swamps, lakes and 
lagoons near the coast, and ponds in saltworks 
and sewage farms. 

Unlikely based 
on habitat. 

Charadrius leschenaultii VU T Feeding habitat occurs from the surface of wet 
sand or mud on open intertidal flats of 
sheltered embayments, lagoons or estuaries. 
Roosts occur on sand-spits and banks on 
beaches or in tidal lagoons. 

Unlikely based 
on habitat. 

Charadrius mongolus EN T Occurs in coastal littoral and estuarine 
environments. It inhabits large intertidal 
sandflats or mudflats in sheltered bays, 
harbours and estuaries, and occasionally 
sandy ocean beaches, coral reefs, wave-cut 
rock platforms and rocky outcrops. 

Unlikely based 
on habitat. 

Diplodactylus capensis nil T Limestone hills with spinifex and low shrubs 
and trees. 

Unlikely based 
on habitat. 

Falco peregrinus nil S Areas with granite outcrops and cliffs which 
are its preferred breeding habitat.  

Unlikely based 
on habitat. 

Numenius madagascariensis CR T Occurs in sheltered coasts, especially 
estuaries, bays, harbours, inlets and coastal 
lagoons, with large intertidal mudflats or 
sandflats, often with beds of seagrass. 

Unlikely based 
on habitat. 

Ophisternon candidum VU T inhabits subterranean caves, fissures and wells 
and is one of only two vertebrate animals 
known from Australasia that are restricted to 
either caves or groundwater. 

Unlikely based 
on habitat. 

Petrogale lateralis subsp. 
lateralis 

EN T Shelter under deep shade in rocky areas such 
as caves, cliffs, screes and rockpiles, and 
emerge at dusk to feed on grasses, forbs, 
shrubs and occasionally seeds and fruits.  

Unlikely based 
on habitat. 

Rhinonicteris aurantia VU T Roosts require caves in ironstone and siliceous 
formations. Foraging occurs near large 
watercourses, around rocky outcrop, gullies, 
gorges and over pools 

Unlikely based 
on habitat. 
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4.2 Field survey results 

All plants collected were taken under flora collecting permits listed in Table 5, pursuant to 
Regulation 62 of the Biodiversity Conservation Regulations 2018. 

Table 5: Personnel 
Name Role Flora collection permit 

Tristan Sleigh 
Senior Botanist 

Planning, fieldwork, plant identification, data 
interpretation and report preparation. 

FB62000128 (exp 08 Apr 2022) 

4.2.1 Flora 

A total of seven relevés were conducted during the survey resulting in identification of 31 taxa from 
11 families and 21 genera (Attachment B)).  

The most commonly recorded family was Fabaceae, which accounted for 32% of all taxa collected in 
the survey area, constituting 10 taxa and four genera.  

One of the 31 taxa could not be confirmed: Eremophila ?latrobei subsp. glabra. The lack of 
reproductive structure prevented confirmation of identification. This specimens is not considered to 
be a conservation significant taxa. 

4.2.1.1 Conservation significant flora 

Within survey area, two Priority flora species were recorded; Daviesia pleurophylla (P2) and 
Brachychiton obtusilobus (P2). Their locations and numbers recorded within the Survey area are 
presented in Table 6 and shown in Figure 4. 

Table 6: Priority Flora Species Locations 
taxa Population size mE (MGA50) mN (MGA50) Comments 

Brachychiton obtusilobus (P4) 1 200657 7583937 Located on eastern edge  of 
existing track 

Brachychiton obtusilobus (P4) 2 200611 7583944 Limestone hill 

Daviesia pleurophylla (P2) 12 (4 within proposed 
clearing application 
area) 

200696 7582768 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 1 (1 within proposed 
application clearing 
area) 

200511 7582951 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 5 (2 within proposed 
application clearing 
area) 

200469 7582943 All individuals located north of 
existing track 

Daviesia pleurophylla (P2) 22 (6 with proposed 
application clearing 
area) 

200068 7582795 All individuals located west of 
existing track 

Daviesia pleurophylla (P2) 18 200656 7583422 Dune crest 

4.2.2 Vegetation 

Within the Survey area, three vegetation types were recorded and mapped (Figure 4). The most 
dominant vegetation type recorded was type VT1 (61.33 ha which is 92.3% of the entire Survey area. 
This vegetation type can be described as open low shrubland of Grevillea stenobotrya and Banksia 
ashbyi over hummock grassland of Triodia angusta. Photographs of each vegetation type are 
provided in Attachment C. 
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Table 7: Description of vegetation types mapped within the Survey Area 

Code Vegetation types 
Dominant 
Landform 

Veg Cond Area (ha) 
% survey 
area 

Area within 
application 
area (ha) 

VT1 Grevillea stenobotrya and Banksia ashbyi 
open low shrubland over Triodia angusta 
hummock grassland 

Dune 
swale and 
crest 

Excellent; 
Very Good; 
Degraded 

61.33 92.32 4.14 

VT2 Corymbia hamersleyana open low woodland 
over Grevillea stenobotrya and Acacia 
bivenosa open shrubland over Triodia 
angusta hummock grassland. 

Dune 
swale 

Excellent; 
Very Good 

4.21 6.33 0.61 

VT3 Acacia bivenosa and Melaleuca cardiophylla 
low open shrubland over Triodia wiseana 
and Triodia basedowii open hummock 
grassland. 

Low 
limestone 
hill 

Excellent; 
Very Good 

0.18 0.27 0.00 

Cleared No vegetation present n/a n/a 0.72 1.08 0.56 

Total 66.43 100 5.31 

None of the vegetation associations mapped and described are listed as Threatened Ecological 
Communities (TECs) or Priority Ecological Communities (PECs). 

4.2.2.1 Vegetation Condition 

The average vegetation condition across the Survey area was Excellent (excluding existing tracks) 
(Figure 5).  A few small areas within the survey area were considered to be in a Degraded condition 
due to historical disturbance. These areas had reduced vegetation cover consistent with partial 
clearing. Overall, 95% of the Survey area was in excellent condition.  

4.2.3 Introduced and exotic taxa 

No introduced or exotic flora were found within the relevés within the Survey area. 
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5. Discussion 

The overall vegetation condition within the survey area was considered to be in excellent condition 
(with the exception of the cleared areas shown in (Figure 4). The vegetation within the survey area is 
consistent with the regional vegetation mapping (Shepheard 2001), and is considered to be well 
represented both locally and regionally. Only a small percentage of taxa were in flower at the time 
the survey was conducted, but most taxa were identifiable based on vegetative features. While this 
impacted the identification of some species, it did not affect the overall outcome of the 
reconnaissance survey, and did not prevent the identification of any conservation significant flora 
species. 

Two priority flora species were recoded within the Survey area. Daviesia pleurophylla (P2) was 
recorded at five locations within the Survey area, with a total of 58 individuals. Of these 13 (from 
four locations) are contained within the clearing application area.  Daviesia pleurophylla is known 
from 6 previous records over a range of 73km.  One of these records is shown to be occurring within 
the clearing application area.  This location was searched, and no specimens were located.  This 
record is 148 m to the east of a population recorded during the current survey.  Based on location 
and associated vegetation descriptions, this is likely to represent the same occurrence. 

Daviesia pleurophylla occurs on dune crests on red sand (FloraBase 2007-).  This habitat is well 
represented locally with approximately 3,600ha of this vegetation association occurring within a 
10km radius of the survey area.  Based on the large extent of suitable habitat it is likely that this 
species is present in other areas.  No population number data is publicly available for the known 
populations of Daviesia pleurophylla, preventing the assessment of impacts to total species 
numbers. The clearing application area intersects 22% of the local population of Daviesia 
pleurophylla. Of the five local populations recorded, four occur directly adjacent to previous clearing 
(tracks). This suggests that clearing activities are unlikely to have indirect impacts on this species. 

Brachychiton obtusilobus (P4) was recorded at two locations during the survey, with a total of three 
individuals.  This species was not recorded within the clearing application area.  Given this, no 
impact to this species from the proposed clearing will occur. 

6. Conclusion 

The key results and outcomes of the flora and vegetation survey were: 

• Three native vegetation types were mapped within the Survey area. 

• no TECs or PECs were recorded within the Survey area 

• no other significant vegetation was mapped within the survey area 

• two Priority flora species were recorded within the Survey area 

o 22% of the local population of Daviesia pleurophylla is located within the clearing permit 
application area. 
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Attachment A: Database Searches 
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NatureMap Species Report 

Created By Guest user on 03/06/2020 

 
 

Origin 
 Conservation Status 
 Current Names Only 
 Core Datasets Only 

Method 
 Centre 
 Buffer 

Group By 

Native 
Conservation Taxon (T, X, IA, S, P1-P5) 
Yes 
Yes 
'By Circle' 
114° 04' 40'' E,21° 54' 47'' S 
40km 
Kingdom 

 

 
Kingdom Species Records 
Animalia 88 2796 
Plantae 23 135   
TOTAL 111 2931   

Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

Animalia
1. 41323 Actitis hypoleucos (Common Sandpiper) IA

2. 25350 Aipysurus apraefrontalis (Short-nosed Seasnake) T

3. 44647 Anilios splendidus (splendid blind snake (North West Cape), blind snake (Milyering

Well))
P2 Y

4. 25634 Anous stolidus (Common Noddy) IA

5. 24992 Aprasia rostrata (Ningaloo worm-lizard, Monte Bello Worm-lizard) P3

6. 48573 Ardenna pacifica (Wedge-tailed Shearwater) IA

7. 25736 Arenaria interpres (Ruddy Turnstone) IA

8. 33905 Bamazomus subsolanus (Eastern Cape Range Bamazomus) T Y

9. 33906 Bamazomus vespertinus (Western Cape Range Bamazomus) T Y

10. 24161 Bettongia lesueur subsp. graii (Boodie (inland), Burrowing Bettong (inland)) X

11. 24779 Calidris acuminata (Sharp-tailed Sandpiper) IA

12. 24780 Calidris alba (Sanderling) IA

13. 24784 Calidris ferruginea (Curlew Sandpiper) T

14. 24788 Calidris ruficollis (Red-necked Stint) IA

15. 24789 Calidris subminuta (Long-toed Stint) IA

16. 24790 Calidris tenuirostris (Great Knot) T

17. 34034 Carcharias taurus (Grey Nurse Shark) T

18. 34031 Carcharodon carcharias (Great White Shark) T

19. 25335 Caretta caretta (Loggerhead Turtle) T

20. 25575 Charadrius leschenaultii (Greater Sand Plover) T

21. 25576 Charadrius mongolus (Lesser Sand Plover) T

22. 24378 Charadrius veredus (Oriental Plover) IA

23. 25336 Chelonia mydas (Green Turtle) T

24. 41332 Chlidonias leucopterus (White-winged Black Tern, white-winged tern) IA

25. 25346 Dermochelys coriacea (Leatherback Turtle) T

26. 34146 Diplodactylus capensis (Cape Range Stone Gecko) P2 Y

27. 33907 Draculoides brooksi (Northern Cape Range Draculoides) T Y

28. 33909 Draculoides julianneae (Western Cape Range Draculoides) T Y

29. 24084 Dugong dugon (Dugong) S

30. 25473 Eretmochelys imbricata (Hawksbill Turtle) T

31. 25342 Eretmochelys imbricata subsp. bissa (Hawksbill Turtle) T

32. 24043 Eubalaena australis (Southern Right Whale) T

33. 25624 Falco peregrinus (Peregrine Falcon) S

34. 24793 Gallinago stenura (Pin-tailed Snipe) IA

35. 47954 Gelochelidon nilotica (Gull-billed Tern) IA

36. 24481 Glareola maldivarum (Oriental Pratincole) IA

37. 48587 Hydroprogne caspia (Caspian Tern) IA

38. 34145 Indohya damocles (Cameron's Cave Pseudoscorpion) T Y

39. 24218 Leporillus apicalis (Lesser Stick-nest Rat) X

40. 25120 Lerista allochira (Cape Range Slider) P3

41. 25739 Limicola falcinellus (Broad-billed Sandpiper) IA

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

42. 30932 Limosa lapponica (Bar-tailed Godwit) IA

43. 25741 Limosa limosa (Black-tailed Godwit) IA

44. 24051 Megaptera novaeangliae (Humpback Whale) S

45. 24222 Mesembriomys macrurus (Golden-backed Tree-rat) P4

46. 34025 Milyeringa veritas (Cave Gudgeon, Blind Gudgeon) T

47. 25344 Natator depressus (Flatback Turtle) T

48. 33985 Nocticola flabella (Cape Range delicate cockroach, Cape Range Blind Cockroach) P4 Y

49. 24798 Numenius madagascariensis (Eastern Curlew) T

50. 24799 Numenius minutus (Little Curlew, Little Whimbrel) IA

51. 25742 Numenius phaeopus (Whimbrel) IA

52. 24497 Oceanites oceanicus (Wilson's Storm-petrel) IA

53. 41347 Onychoprion anaethetus (Bridled Tern) IA

54. 34038 Ophisternon candidum (Blind Cave Eel) T

55. 24060 Orcaella heinsohni (Australian Snubfin Dolphin) P4

56. 48591 Pandion cristatus (Osprey, Eastern Osprey) IA

57. 24142 Petrogale lateralis subsp. lateralis (Black-flanked Rock-wallaby, Black-footed Rock-

wallaby)
T

58. 24662 Phaethon lepturus (White-tailed Tropicbird) IA

59. 24663 Phaethon rubricauda (Red-tailed Tropicbird) P4

60. 24098 Phascogale calura (Red-tailed Phascogale, Kenngoor) S

61. 24382 Pluvialis fulva (Pacific Golden Plover) IA

62. 24383 Pluvialis squatarola (Grey Plover) IA

63. 34037 Pristis zijsron (Green Sawfish) T

64. 24233 Pseudomys chapmani (Western Pebble-mound Mouse, Ngadji) P4

65. 24236 Pseudomys fieldi (Shark Bay Mouse, Djoongari) T

66. 24715 Puffinus huttoni (Hutton's Shearwater) T

67. 24716 Puffinus pacificus (Wedge-tailed Shearwater) IA

68. 42358 Rhincodon typus (Whale Shark) S

69. 43368 Rhinonicteris aurantia (Orange Leaf-nosed bat) P4

70. 24115 Sminthopsis longicaudata (Long-tailed Dunnart) P4

71. 48107 Sousa sahulensis (Australian humpback dolphin) P4

72. 25640 Sterna dougallii (Roseate Tern) IA

73. 25642 Sterna hirundo (Common Tern) IA

74. 48593 Sternula albifrons (Little Tern) IA

75. 48595 Sternula nereis subsp. nereis (Fairy Tern) T

76. 33963 Stygiocaris lancifera (Lance-beaked Cave Shrimp) T

77. 33964 Stygiocaris stylifera (Spear-beaked Cave Shrimp) P4

78. 33967 Stygiochiropus isolatus (a stygiochiropus millipede (Cape Range), millipede) T Y

79. 33968 Stygiochiropus peculiaris (Cameron's Cave Millipede) T Y

80. 33969 Stygiochiropus sympatricus (a stygiochiropus millipede (Cape Range), millipede) T Y

81. 34007 Thalassarche chlororhynchos (Atlantic Yellow-nosed Albatross) T

82. 48597 Thalasseus bergii (Crested Tern) IA

83. 24803 Tringa brevipes (Grey-tailed Tattler) P4

84. 24806 Tringa glareola (Wood Sandpiper) IA

85. 24808 Tringa nebularia (Common Greenshank, greenshank) IA

86. 24809 Tringa stagnatilis (Marsh Sandpiper, little greenshank) IA

87. 41351 Xenus cinereus (Terek Sandpiper) IA

88. 24249 Zyzomys pedunculatus (Central Rock-rat, Antina) T

Plantae
89. 13074 Acacia alexandri P3

90. 13071 Acacia ryaniana P2

91. 13076 Acacia startii P3

92. 1210 Acanthocarpus rupestris P2

93. 12714 Brachychiton obtusilobus P4

94. 49022 Calandrinia sp. Cape Range (F. Obbens FO 10/18) P2

95. 49009 Calytrix sp. Learmonth (S. Fox EMopp 1) P1 Y

96. 18411 Corchorus congener P3

97. 1491 Crinum flaccidum (Native Crinum) P2

98. 14375 Daviesia pleurophylla P2

99. 29715 Eremophila forrestii subsp. capensis P3

100. 15032 Eremophila occidens P2

101. 16040 Eremophila youngii subsp. lepidota P4

102. 1972 Grevillea calcicola P3

103. 12832 Gymnanthera cunninghamii P3

104. 17327 Harnieria kempeana subsp. rhadinophylla P2 Y

105. 16 Helminthostachys zeylanica P3

106. 19 Lygodium flexuosum P3

107. 4677 Phyllanthus fuernrohrii (Sand Sponge) P3

108. 4736 Stackhousia umbellata P3

109. 46053 Tephrosia sp. North West Cape (G. Marsh 81)

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

P2

110. 17345 Tinospora esiangkara P2 Y

111. 12457 Verticordia serotina P2

Conservation Codes
T - Rare or likely to become extinct
X - Presumed extinct
IA - Protected under international agreement
S - Other specially protected fauna
1 - Priority 1
2 - Priority 2
3 - Priority 3
4 - Priority 4
5 - Priority 5

1
 For NatureMap's purposes, species flagged as endemic are those whose records are wholely contained within the search area. Note that only those records complying with the search criterion are included in the

calculation. For example, if you limit records to those from a specific datasource, only records from that datasource are used to determine if a species is restricted to the query area.

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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Summary

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

Wetlands of International Importance:
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None

32

1
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National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

1

48

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

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

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

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed
Godwit [86380]

Vulnerable Species or species habitat
may occur within area

Limosa lapponica  baueri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit
(menzbieri) [86432]

Critically Endangered Species or species habitat
may occur within area

Limosa lapponica  menzbieri

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Night Parrot [59350] Endangered Species or species habitat
may occur within area

Pezoporus occidentalis

World Heritage Properties [ Resource Information ]
Name StatusState
The Ningaloo Coast Declared propertyWA

Commonwealth Marine Area [ Resource Information ]

Name

Approval is required for a proposed activity that is located within the Commonwealth Marine Area which has, will have, or is
likely to have a significant impact on the environment. Approval may be required for a proposed action taken outside the
Commonwealth Marine Area but which has, may have or is likely to have a significant impact on the environment in the
Commonwealth Marine Area. Generally the Commonwealth Marine Area stretches from three nautical miles to two hundred
nautical miles from the coast.

EEZ and Territorial Sea

National Heritage Properties [ Resource Information ]
Name StatusState
Natural
The Ningaloo Coast Listed placeWA

Matters of National Environmental Significance

If you are planning to undertake action in an area in or close to the Commonwealth Marine Area, and a marine
bioregional plan has been prepared for the Commonwealth Marine Area in that area, the marine bioregional
plan may inform your decision as to whether to refer your proposed action under the EPBC Act.

Marine Regions [ Resource Information ]

Name
North-west



Name Status Type of Presence

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Australian Painted Snipe [77037] Endangered Species or species habitat
likely to occur within area

Rostratula australis

Australian Fairy Tern [82950] Vulnerable Breeding known to occur
within area

Sternula nereis  nereis

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Fish

Blind Gudgeon [66676] Vulnerable Species or species habitat
known to occur within area

Milyeringa veritas

Blind Cave Eel [66678] Vulnerable Species or species habitat
known to occur within area

Ophisternon candidum

Mammals

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

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

Endangered Species or species habitat
likely to occur within area

Dasyurus hallucatus

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Black-flanked Rock-wallaby, Moororong, Black-footed
Rock Wallaby [66647]

Endangered Species or species habitat
known to occur within area

Petrogale lateralis  lateralis

Pilbara Leaf-nosed Bat [82790] Vulnerable Species or species habitat
known to occur within area

Rhinonicteris aurantia (Pilbara form)

Reptiles

Short-nosed Seasnake [1115] Critically Endangered Species or species habitat
known to occur within area

Aipysurus apraefrontalis

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
Eretmochelys imbricata



Name Status Type of Presence
within area

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Sharks

Grey Nurse Shark (west coast population) [68752] Vulnerable Species or species habitat
known to occur within area

Carcharias taurus  (west coast population)

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Dwarf Sawfish, Queensland Sawfish [68447] Vulnerable Species or species habitat
known to occur within area

Pristis clavata

Green Sawfish, Dindagubba, Narrowsnout Sawfish
[68442]

Vulnerable Species or species habitat
known to occur within area

Pristis zijsron

Whale Shark [66680] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Rhincodon typus

Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

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

Species or species habitat
likely to occur within area

Ardenna carneipes

Wedge-tailed Shearwater [84292] Breeding known to occur
within area

Ardenna pacifica

Streaked Shearwater [1077] Species or species habitat
likely to occur within area

Calonectris leucomelas

Lesser Frigatebird, Least Frigatebird [1012] Species or species habitat
likely to occur within area

Fregata ariel

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Migratory Marine Species

Narrow Sawfish, Knifetooth Sawfish [68448] Species or species habitat
likely to occur within area

Anoxypristis cuspidata

Southern Right Whale [75529] Endangered* Species or species habitat
likely to occur within area

Balaena glacialis  australis

Antarctic Minke Whale, Dark-shoulder Minke Species or species
Balaenoptera bonaerensis



Name Threatened Type of Presence
Whale [67812] habitat likely to occur within

area

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
likely to occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Dugong [28] Breeding known to occur
within area

Dugong dugon

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
within area

Eretmochelys imbricata

Shortfin Mako, Mako Shark [79073] Species or species habitat
likely to occur within area

Isurus oxyrinchus

Longfin Mako [82947] Species or species habitat
likely to occur within area

Isurus paucus

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

Species or species habitat
known to occur within area

Manta alfredi

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

Species or species habitat
known to occur within area

Manta birostris

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Sperm Whale [59] Species or species habitat
may occur within area

Physeter macrocephalus

Dwarf Sawfish, Queensland Sawfish [68447] Vulnerable Species or species habitat
known to occur within area

Pristis clavata

Green Sawfish, Dindagubba, Narrowsnout Sawfish Vulnerable Species or species
Pristis zijsron



Name Threatened Type of Presence
[68442] habitat known to occur

within area

Whale Shark [66680] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Rhincodon typus

Indo-Pacific Humpback Dolphin [50] Species or species habitat
known to occur within area

Sousa chinensis

Spotted Bottlenose Dolphin (Arafura/Timor Sea
populations) [78900]

Species or species habitat
known to occur within area

Tursiops aduncus  (Arafura/Timor Sea populations)

Migratory Terrestrial Species

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia



Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
known to occur within area

Ardea alba

Cattle Egret [59542] Species or species habitat
may occur within area

Ardea ibis

Sharp-tailed Sandpiper [874] Species or species habitat
known to occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
likely to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Streaked Shearwater [1077] Species or species habitat
likely to occur within area

Calonectris leucomelas

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Black-eared Cuckoo [705] Species or species habitat
known to occur

Chrysococcyx osculans

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Commonwealth Land -
Defence - EXMOUTH ADMIN & HF TRANSMITTING
Defence - EXMOUTH VLF TRANSMITTER STATION
Defence - LEARMONTH - RAAF BASE
Defence - LEARMONTH RADAR SITE - TWIN TANKS EXMOUTH
Defence - LEARMONTH RADAR SITE - VLAMING HEAD EXMOUTH

Commonwealth Heritage Places [ Resource Information ]
Name StatusState
Natural

Listed placeNingaloo Marine Area - Commonwealth Waters WA

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
within area

Lesser Frigatebird, Least Frigatebird [1012] Species or species habitat
likely to occur within area

Fregata ariel

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

White-bellied Sea-Eagle [943] Species or species habitat
known to occur within area

Haliaeetus leucogaster

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Species or species habitat
likely to occur within area

Puffinus carneipes

Wedge-tailed Shearwater [1027] Breeding known to occur
within area

Puffinus pacificus

Painted Snipe [889] Endangered* Species or species habitat
likely to occur within area

Rostratula benghalensis (sensu lato)

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Fish

Helen's Pygmy Pipehorse [66186] Species or species habitat
may occur within area

Acentronura larsonae



Name Threatened Type of Presence

Braun's Pughead Pipefish, Pug-headed Pipefish
[66189]

Species or species habitat
may occur within area

Bulbonaricus brauni

Three-keel Pipefish [66192] Species or species habitat
may occur within area

Campichthys tricarinatus

Pacific Short-bodied Pipefish, Short-bodied Pipefish
[66194]

Species or species habitat
may occur within area

Choeroichthys brachysoma

Muiron Island Pipefish [66196] Species or species habitat
may occur within area

Choeroichthys latispinosus

Pig-snouted Pipefish [66198] Species or species habitat
may occur within area

Choeroichthys suillus

Banded Pipefish, Ringed Pipefish [66210] Species or species habitat
may occur within area

Doryrhamphus dactyliophorus

Cleaner Pipefish, Janss' Pipefish [66212] Species or species habitat
may occur within area

Doryrhamphus janssi

Many-banded Pipefish [66717] Species or species habitat
may occur within area

Doryrhamphus multiannulatus

Flagtail Pipefish, Masthead Island Pipefish [66213] Species or species habitat
may occur within area

Doryrhamphus negrosensis

Ladder Pipefish [66216] Species or species habitat
may occur within area

Festucalex scalaris

Tiger Pipefish [66217] Species or species habitat
may occur within area

Filicampus tigris

Brock's Pipefish [66219] Species or species habitat
may occur within area

Halicampus brocki

Mud Pipefish, Gray's Pipefish [66221] Species or species habitat
may occur within area

Halicampus grayi

Glittering Pipefish [66224] Species or species habitat
may occur within area

Halicampus nitidus

Spiny-snout Pipefish [66225] Species or species habitat
may occur within area

Halicampus spinirostris

Ribboned Pipehorse, Ribboned Seadragon [66226] Species or species habitat
may occur within area

Haliichthys taeniophorus

Beady Pipefish, Steep-nosed Pipefish [66231] Species or species habitat
may occur within area

Hippichthys penicillus

Western Spiny Seahorse, Narrow-bellied Seahorse
[66234]

Species or species habitat
may occur within area

Hippocampus angustus



Name Threatened Type of Presence

Spiny Seahorse, Thorny Seahorse [66236] Species or species habitat
may occur within area

Hippocampus histrix

Spotted Seahorse, Yellow Seahorse [66237] Species or species habitat
may occur within area

Hippocampus kuda

Flat-face Seahorse [66238] Species or species habitat
may occur within area

Hippocampus planifrons

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

Species or species habitat
may occur within area

Hippocampus trimaculatus

Tidepool Pipefish [66255] Species or species habitat
may occur within area

Micrognathus micronotopterus

Black Rock  Pipefish [66719] Species or species habitat
may occur within area

Phoxocampus belcheri

Pallid Pipehorse, Hardwick's Pipehorse [66272] Species or species habitat
may occur within area

Solegnathus hardwickii

Gunther's Pipehorse, Indonesian Pipefish [66273] Species or species habitat
may occur within area

Solegnathus lettiensis

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

Species or species habitat
may occur within area

Solenostomus cyanopterus

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

Species or species habitat
may occur within area

Syngnathoides biaculeatus

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

Species or species habitat
may occur within area

Trachyrhamphus bicoarctatus

Straightstick Pipefish, Long-nosed Pipefish, Straight
Stick Pipefish [66281]

Species or species habitat
may occur within area

Trachyrhamphus longirostris

Mammals

Dugong [28] Breeding known to occur
within area

Dugong dugon

Reptiles

Horned Seasnake [1114] Species or species habitat
may occur within area

Acalyptophis peronii

Short-nosed Seasnake [1115] Critically Endangered Species or species habitat
known to occur within area

Aipysurus apraefrontalis

Dubois' Seasnake [1116] Species or species habitat
may occur within area

Aipysurus duboisii

Spine-tailed Seasnake [1117] Species or species habitat
may occur within area

Aipysurus eydouxii

Olive Seasnake [1120] Species or species habitat
may occur within area

Aipysurus laevis



Name Threatened Type of Presence

Stokes' Seasnake [1122] Species or species habitat
may occur within area

Astrotia stokesii

Loggerhead Turtle [1763] Endangered Breeding known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Breeding known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Spectacled Seasnake [1123] Species or species habitat
may occur within area

Disteira kingii

Olive-headed Seasnake [1124] Species or species habitat
may occur within area

Disteira major

Turtle-headed Seasnake [1125] Species or species habitat
may occur within area

Emydocephalus annulatus

North-western Mangrove Seasnake [1127] Species or species habitat
may occur within area

Ephalophis greyi

Hawksbill Turtle [1766] Vulnerable Breeding known to occur
within area

Eretmochelys imbricata

Elegant Seasnake [1104] Species or species habitat
may occur within area

Hydrophis elegans

Spotted Seasnake, Ornate Reef Seasnake [1111] Species or species habitat
may occur within area

Hydrophis ornatus

Flatback Turtle [59257] Vulnerable Breeding known to occur
within area

Natator depressus

Yellow-bellied Seasnake [1091] Species or species habitat
may occur within area

Pelamis platurus

Whales and other Cetaceans [ Resource Information ]
Name Status Type of Presence
Mammals

Minke Whale [33] Species or species habitat
may occur within area

Balaenoptera acutorostrata

Antarctic Minke Whale, Dark-shoulder Minke Whale
[67812]

Species or species habitat
likely to occur within area

Balaenoptera bonaerensis

Sei Whale [34] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera borealis

Bryde's Whale [35] Species or species habitat
likely to occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus



Name Status Type of Presence

Fin Whale [37] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Balaenoptera physalus

Common Dophin, Short-beaked Common Dolphin [60] Species or species habitat
may occur within area

Delphinus delphis

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Pygmy Killer Whale [61] Species or species habitat
may occur within area

Feresa attenuata

Short-finned Pilot Whale [62] Species or species habitat
may occur within area

Globicephala macrorhynchus

Risso's Dolphin, Grampus [64] Species or species habitat
may occur within area

Grampus griseus

Pygmy Sperm Whale [57] Species or species habitat
may occur within area

Kogia breviceps

Dwarf Sperm Whale [58] Species or species habitat
may occur within area

Kogia simus

Fraser's Dolphin, Sarawak Dolphin [41] Species or species habitat
may occur within area

Lagenodelphis hosei

Humpback Whale [38] Vulnerable Breeding known to occur
within area

Megaptera novaeangliae

Blainville's Beaked Whale, Dense-beaked Whale [74] Species or species habitat
may occur within area

Mesoplodon densirostris

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Melon-headed Whale [47] Species or species habitat
may occur within area

Peponocephala electra

Sperm Whale [59] Species or species habitat
may occur within area

Physeter macrocephalus

False Killer Whale [48] Species or species habitat
likely to occur within area

Pseudorca crassidens

Indo-Pacific Humpback Dolphin [50] Species or species habitat
known to occur within area

Sousa chinensis

Spotted Dolphin, Pantropical Spotted Dolphin [51] Species or species habitat
may occur within area

Stenella attenuata

Striped Dolphin, Euphrosyne Dolphin [52] Species or species habitat
may occur within area

Stenella coeruleoalba

Long-snouted Spinner Dolphin [29] Species or species
Stenella longirostris



Name Status Type of Presence
habitat may occur within
area

Rough-toothed Dolphin [30] Species or species habitat
may occur within area

Steno bredanensis

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Species or species habitat
likely to occur within area

Tursiops aduncus

Spotted Bottlenose Dolphin (Arafura/Timor Sea
populations) [78900]

Species or species habitat
known to occur within area

Tursiops aduncus  (Arafura/Timor Sea populations)

Bottlenose Dolphin [68417] Species or species habitat
may occur within area

Tursiops truncatus s. str.

Cuvier's Beaked Whale, Goose-beaked Whale [56] Species or species habitat
may occur within area

Ziphius cavirostris

[ Resource Information ]Australian Marine Parks
Name Label
Gascoyne Multiple Use Zone (IUCN VI)
Ningaloo Recreational Use Zone (IUCN IV)

State and Territory Reserves [ Resource Information ]
Name State
Bundegi Coastal Park WA
Cape Range WA
Jurabi Coastal Park WA
Muiron Islands WA
Victor Island WA
Y Island WA

Extra Information

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

Name Status Type of Presence
Birds

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

Columba livia

Mammals

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Goat [2] Species or species habitat
likely to occur within area

Capra hircus

Horse [5] Species or species habitat
likely to occur within area

Equus caballus

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus



Nationally Important Wetlands [ Resource Information ]
Name State
Cape Range Subterranean Waterways WA

Name Status Type of Presence

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Black Rat, Ship Rat [84] Species or species habitat
likely to occur within area

Rattus rattus

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
likely to occur within area

Cenchrus ciliaris

Reptiles

Asian House Gecko [1708] Species or species habitat
likely to occur within area

Hemidactylus frenatus

Key Ecological Features are the parts of the marine ecosystem that are considered to be important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.

Key Ecological Features (Marine) [ Resource Information ]

Name Region
Ancient coastline at 125 m depth contour North-west
Canyons linking the Cuvier Abyssal Plain and the North-west
Commonwealth waters adjacent to Ningaloo Reef North-west
Continental Slope Demersal Fish Communities North-west



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

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

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

- seals which have only been mapped for breeding sites near the Australian continent

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

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

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

- migratory and

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

- marine

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

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

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

-21.91302 114.07787
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Attachment B: Flora species recorded with the survey area 

 

Family Species 

Convolvulaceae Ipomoea pes-caprae 

Fabaceae Acacia bivenosa 

Acacia gregorii 

Acacia inaequilatera 

Acacia sericophylla 

Acacia spathulifolia 

Acacia stellaticeps 

Acacia tetragonophylla 

Daviesia pleurophylla (P4) 

Labichea cassioides 

Swainsona calcicola 

Goodeniaceae Scaevola sericophylla 

Malvaceae Brachychiton obtusilobus (P4) 

Corchorus elachocarpus 

Meliaceae Owenia reticulata 

Myrtaceae Calytrix truncatifolia 

Corymbia hamersleyana 

Corymbia zygophylla 

Melaleuca cardiophylla 

Verticordia forrestii 

Poaceae Triodia angusta 

Triodia basedowii 

Triodia wiseana 

Proteaceae Banksia ashbyi 

Grevillea stenobotrya 

Hakea stenophylla 

Sapindaceae Alectryon oleifolius 

Scrophulariaceae Eremophila ?latrobei subsp. glabra 

Eremophila forrestii subsp. forrestii  

Myoporum montanum 

Solanaceae Solanum lasiophyllum 
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Attachment C: Photographs of Vegetation Types 

 

 

Plate 1: Vegetation Type 1 

 

 

Plate 2: Vegetation Type 2 
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Plate 3: Vegetation Type 3 

 



 
 

Northwest Resorts Pty Ltd 
H2 Hydrogeological Assessment 
Lighthouse Holiday Park Redevelopment 
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LH01M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200801

7582754

31.4 m (toc) on 21/08/2020 Kim Greenham

53.5 m

23700 mg/L  on 21/08/2020 Ben Fisher

33 (mAHD)

Ground Surface
SP-SM fine SAND with silt poorly graded, loose, SR, qtz dark reddish brown. 

SW coarse SAND with trace fine gravel well graded, loose, SR, qtz dark reddish brown. Weakly 
cemented

SW med SAND with trace fine gravel well graded, loose, SR, qtz dark reddish brown pale brown. 
Weakly cemented

SW gravelly med SAND well graded, medium dense, SR, calcareous pale reddish brown pale 
brown. Limestone chips of up to 10mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale brown pale reddish 
brown. Limestone chips of up to 10mm

SW fine SAND with trace fine gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown. Limestone chips of up to 15mm

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale reddish brown with pale yellow. Limestone chips of up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey with pale brown. Limestone chips of up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale yellow pale 
grey. Limestone chips of up to 20mm

SW coarse SAND well graded, medium dense, SR, calcareous pale grey pale yellowish brown 
with pale reddish brown. Limestone chips of up to 15mm

 0.1 L/s, 8.33, 10.5 
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LH01M

GW fine GRAVEL well graded, medium dense, SA, calcareous pale yellowish brown pale grey 
with pale brown. Limestone chips of up to 15mm
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LH02M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200425

7582770

42.1 m (toc) on 20/08/2020 Kim Greenham

71 m

11340 mg/L  on 20/08/2020 Ben Fisher

49 (mAHD)

Ground Surface
SP fine SAND with trace silt poorly graded, loose, SR, qtz dark reddish brown. 

SW fine SAND with trace silt well graded, loose, SR, qtz dark reddish brown speckled brown. 

SW fine SAND with trace silt well graded, loose, SR, qtz dark reddish brown. Minor FG Ferricrete

GW med GRAVEL with trace silt well graded, dense, SR, calcareous reddish brown speckled 
brown with pale yellowish brown. Limestone conglomerate

SC clayey med SAND well graded, dense, SR, calcareous reddish brown speckled brown. 

SW gravelly fine SAND well graded, dense, SR, calcareous pale brown speckled pale yellowish 
brown. Limestone chips up to 15mm

SW gravelly fine SAND well graded, medium dense, SR, calcareous pale yellowish brown speckled 
pale brown with pale grey. Limestone chips up to 30mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous yellowish brown 
speckled pale brown with pale grey. Limestone chips up to 10mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale grey. Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey. Limestone chips up to 30mm

SW fine SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey. Limestone chips up to 15mm

SP med SAND with trace med gravel poorly graded, loose, SR, calcareous pale yellow speckled 
pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale grey. 
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LH02M

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale grey with white. MG Chips

SW med SAND well graded, medium dense, SR, calcareous pale grey speckled dark grey with 
pale yellow. Water colour P Gy = P Ybr

SW-SG coarse SAND with fine gravel well graded, medium dense, SR, calcareous pale grey 
speckled pale yellow with dark grey. FG Chips, white calcite

SP-SG med SAND with fine gravel poorly graded, medium dense, SR, calcareous pale grey 
speckled pale olive. 

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale reddish brown. MG pale RBr chips

SW gravelly coarse SAND well graded, medium dense, SR, calcareous pale yelllowish brown 
speckled pale reddish brown with white. MG pale RBr chips

SW med SAND well graded, medium dense, SR, calcareous pale reddish brown speckled pale 
yelllowish brown with white. 

SW med SAND well graded, medium dense, SR, qtz pale yellow speckled pale grey. 

SW-SG med SAND with fine gravel well graded, medium dense, SR, calcareous pale yellow 
speckled pale reddish brown with pale grey. Chips pale RBr up to 25mm

 1.5 L/s, 8.09, 28.9 
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 1.8 L/s, 7.8, 32.8 mS-cm 
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LH03M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200092

7582795

50.3 m (toc) on 21/08/2020 Kim Greenham

65.5 m

9642 mg/L  on 21/08/2020 Ben Fisher

59 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SP med SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW fine SAND dark reddish brown. 

GW fine GRAVEL well graded, medium dense, SA, calcareous pale brown pale yellowish brown. 
Limestone chips up to 25mm

SM silty fine SAND well graded, medium dense, SA, calcareous pale reddish brown. Limestone 
chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SA, calcareous pale brown 
white. Limestone chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale reddish 
brown pale yellowish brown. Limestone chips up to 15mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale grey speckled pale 
brown. Limestone chips up to 15mm

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale yelllowish brown. Limestone chips up to 15mm

SW-SG med SAND with fine gravel well graded, loose, SR, calcareous pale yelllowish brown pale 
brown with white. Limestone chips up to 10mm

GW fine GRAVEL well graded, medium dense, angular, calcareous yelllowish brown pale brown. 
Limestone chips up to 10mm

GW med GRAVEL well graded, medium dense, angular, calcareous pale brown pale yellowish 
brown. Limestone chips up to 10mm

GW med GRAVEL well graded, medium dense, angular, calcareous pale olive pale yelllowish 
brown. Limestone chips up to 15mm

SW gravelly med SAND well graded, medium dense, SR, calcareous pale yellow speckled pale 
yelllowish brown with pale brown. Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz pale yellow speckled pale yelllowish brown. 

SW med SAND well graded, loose, SR, qtz pale reddish brown pale brown. Poor recovery

SW-SG fine SAND with med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown pale grey. Sandy limestone chips up to 25mm

SP fine SAND poorly graded, loose, SR, qtz pale yellow. 

SW med SAND well graded, loose, SR, qtz pale olive pale yellow with pale grey. 

SP fine SAND poorly graded, loose, SR, qtz pale olive pale yellow with pale grey. 
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LH03M

SW-SG med SAND with coarse gravel well graded, medium dense, SR, qtz pale olive pale grey. 
Limestone chips up to 30mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous pale yellow pale 
grey. Limestone chips up to 15mm

GW sandy coarse GRAVEL well graded, medium dense, SA, calcareous pale yelllowish brown 
pale grey with dark grey. 

 0.1 L/s, 7.67, 21.85 
mS-cm 34 °C. 

 1 L/s, 7.73, 28.6 mS-cm 
31.5 °C. 
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LH04M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200616

7583798

43.64 m (toc) on 22/08/2020 Kim Greenham

53 m

3696 mg/L  on 22/08/2020 Ben Fisher

53 (mAHD)

Ground Surface
SW med SAND well graded, loose, SR, qtz dark reddish brown. 

SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GC clayey fine GRAVEL well graded, medium dense, SA, calcareous brown yelllowish brown. Iron 
stained limestone chips up to 15mm

CL CLAY with fine gravel, soft, low plasticity brown reddish brown. Iron stained limestone chips up 
to 15mm

CL CLAY with fine gravel, soft, low plasticity reddish brown brown. Iron stained limestone chips up 
to 20mm

SC clayey med SAND well graded, loose, SR, qtz reddish brown. 

CH CLAY with trace fine gravel, soft, medium plasticity reddish brown. 

SW-SC fine SAND with clay well graded, medium dense, SR, calcareous brown yellowish brown. 

SP fine SAND poorly graded, medium dense, SR, calcareous pale brown yellowish brown. 

SW fine SAND with trace fine gravel well graded, medium dense, SR, calcareous pale grey white. 
Limestone chips up to 10mm

SW gravelly fine SAND well graded, medium dense, SR, calcareous grey speckled yelllowish 
brown. 

GW fine GRAVEL well graded, medium dense, SR, calcareous pale grey white. 

SW fine SAND well graded, medium dense, SR, calcareous pale yellow. Minor limestone chips up 
to 10mm

SW med SAND well graded, medium dense, SR, calcareous reddish brown yelllowish brown. 
Minor limestone chips up to 15mm

SW med SAND well graded, loose, SR, calcareous pale yellow speckled brown. Minor limestone 
chips up to 25mm

SW med SAND with trace med gravel well graded, loose, SR, calcareous pale yellow pale grey. 
Minor limestone chips up to 25mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW gravelly med SAND well graded, loose, SR, calcareous pale brown pale grey. Limestone chips 
up to 10mm

SW gravelly med SAND well graded, loose, SR, calcareous pale yelllowish brown pale grey. 
Limestone chips up to 20mm

 0.05 L/s, 7.46, 17.7 
mS-cm 34.3 °C. 
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LH04M

SW med SAND well graded, loose, SR, qtz pale yellow. 

 1 L/s, 7.76, 32.1 mS-cm 
30.8 °C. 
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LH05M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200278

7583036

47.59 m (toc) on 23/08/2020 Kim Greenham

59 m

10290 mg/L  on 23/08/2020 Ben Fisher

60 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SP med SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW gravelly med SAND well graded, medium dense, SR, calcareous reddish brown. Limestone 
chips up to 10mm

SW-SG med SAND with fine gravel well graded, medium dense, SR, calcareous yelllowish brown. 
Limestone chips up to 10mm

SW med SAND well graded, loose, SR, qtz yelllowish brown. 

SW-SG coarse SAND with fine gravel well graded, loose, SR, calcareous yelllowish brown pale 
grey. Limestone chips up to 10mm

SW-SG med SAND with med gravel well graded, loose, SR, calcareous pale grey pale brown. 
Limestone chips up to 10mm

SW-SG med SAND with med gravel well graded, loose, SR, calcareous grey pale brown. 
Limestone chips up to 10mm

SP-SG fine SAND with med gravel poorly graded, loose, SR, calcareous grey pale yelllowish 
brown. Limestone chips up to 10mm

SP gravelly fine SAND poorly graded, very dense, SR, qtz pale yelllowish brown. Sandstone

SW gravelly med SAND well graded, medium dense, SR, qtz pale yelllowish brown. Sandstone

SW med SAND well graded, loose, SR, qtz pale olive pale grey. Minor limestone/sandstone chips 
at 36 - 42m

SW coarse SAND well graded, loose, SR, qtz pale yellow pale grey. Minor limestone chips at 42 - 
47m

SW med SAND well graded  loose  SR  qtz pale yellow pale grey  
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LH05M

SW-SG med SAND with med gravel well graded, loose, SR, calcareous pale yellow pale grey. 
Limestone chips up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow. Minor limestone chips at 57 - 60m

 0.05 L/s, 7.93, 19.6 
mS-cm 30.2 °C. 

 0.2 L/s, 7.69, 23.7 
mS-cm 31 °C. 

 0.4 L/s, 7.8, 32.4 mS-cm 
29.5 °C. 
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LH06M
Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200735

7584041

39.22 m (toc) on 24/08/2020 Kim Greenham

53 m

11232 mg/L  on 24/08/2020 Ben Fisher

47 (mAHD)

Ground Surface
GW med GRAVEL well graded, medium dense, SA, calcareous reddish brown brown with 
yelllowish brown. 

GM silty coarse GRAVEL well graded, medium dense, SA, calcareous pale brown white. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale grey pale reddish brown. 

GM silty med GRAVEL well graded, medium dense, SA, calcareous pale brown pale yelllowish 
brown. 

SC clayey coarse SAND well graded, loose, SR, qtz reddish brown yelllowish brown. 

GM silty fine GRAVEL well graded, medium dense, SR, calcareous pale brown pale grey. 

SW gravelly med SAND well graded, medium dense, SR, calcareous reddish brown brown with 
yelllowish brown. 

SM silty med SAND poorly graded, loose, SR, qtz dark reddish brown. Desert dune sand

SW med SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW coarse SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW med SAND well graded, loose, SR, qtz yellow pale grey. 

SW coarse SAND well graded, loose, SR, qtz yelllowish brown reddish brown. 

SW med SAND well graded, loose, SR, qtz yellow pale grey. Minor limestone chips at 35 - 36m

SW med SAND well graded, loose, SR, qtz pale olive. 

SW coarse SAND well graded, loose, SA, qtz pale olive pale yellow with pale grey. 

SW med SAND well graded, loose, SR, qtz pale brown pale reddish brown with yelllowish brown. 
Minor limestone chips at 53 - 54m

 0.1 L/s, 7.74, 1.77 
mS-cm 30.7 °C. 

 0.2 L/s, 7.25, 17.49 
mS-cm 30.4 °C. 

 0.5 L/s, 7.43, 28.5 
mS-cm 28.5 °C. 
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30.6 °C. 
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LH07M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200611

7583511

46.94 m (toc) on 17/08/2020 Kim Greenham

59 m

17880 mg/L  on 17/08/2020 Ben Fisher

54 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz reddish brown. 

SW-SG med SAND with med gravel well graded, dense, SR, calcareous pale brown pale 
yelllowish brown. Conglomerate limestone

SW med SAND well graded, medium dense, SR, calcareous pale yelllowish brown pale reddish 
brown. 

SW coarse SAND well graded, medium dense, SR, calcareous yellowish brown speckled pale 
brown with pale grey. Limestone chips up to 10mm

SP-SG fine SAND with med gravel poorly graded, medium dense, SR, calcareous pale yelllowish 
brown speckled white. Limestone chips up to 15mm

SW-SG med SAND with coarse gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 30mm

SW-SG med SAND with coarse gravel well graded, medium dense, SR, calcareous pale brown 
speckled pale yelllowish brown. Limestone chips up to 30mm

SP-SG fine SAND with coarse gravel poorly graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown speckled pale brown. Limestone chips up to 15mm

SP fine SAND poorly graded, loose, SR, calcareous pale brown. 

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale yelllowish 
brown. Limestone chips up to 15mm

SP fine SAND with trace med gravel poorly graded, medium dense, SR, calcareous pale grey. 
Limestone chips up to 15mm

SW med SAND with trace med gravel well graded, medium dense, SR, calcareous pale brown. 
Limestone chips up to 25mm

SW med SAND well graded, medium dense, SR, qtz pale yelllowish brown pale grey. Limestone 
chips up to 25mm

SW med SAND well graded  loose  SR  qtz pale yellow  

 0.05 L/s, 6.6 mS-cm  

SW
L(

to
c)

 4
6.

94
 m

15
0 

m
m

 S
te

el
 su

rfa
ce

 c
a

sin
g

53
.7

 m
m

 P
V

C
 b

la
nk

 c
la

ss
12

 c
a

sin
g

53
.7

 m
m

 P
V

C
 b

la
nk

 c
la

ss
12

 c
a

sin
g

C
em

en
t f

ill

TOC = 0.6 (magl)

C
on

cr
et

e 
Pl

in
th

N
o 

fil
l

N
o 

fil
l

Harrington Drilling

RC Hammer and Air Core

RC

14/08/2020
16/08/2020

20/10/2020



Borehole:

Page: 2 of 2

GPO Box A10 Perth WA 6849 Australia
T: +618 94467090 | info@penningtonscott.com.au
www.penningtonscott.com.au 

SUBSURFACE PROFILE

 D
ep

th
 (m

)

60

70

80

90

100

 L
ith

ol
og

y 
G

ra
p

hi
c

Lithology Field Notes Bore Construction

Logged to Australian  Standard: Geotechnical Site Investigations AS 1726-1993/Amdt 2-1994.
© This log is copyright of PenningtonScott Pty Ltd. It may not be copied or reproduced without written consent.

LH07M

 0.5 L/s, 17.5 mS-cm  

 1 L/s, 7.88, 29.8 mS-cm 
28.8 °C. 
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SWL: Logged By:

Total Depth:
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Drilling Company:
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Drilling Method:
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LH08M
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

201004

7584498

35.39 m (toc) on 24/08/2020 Kim Greenham

48 m

20000 mg/L on 24/08/2020 Ben Fisher

43 (mAHD)

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous brown pale reddish brown. 
Limestone

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale brown. 

GC clayey fine GRAVEL well graded, medium dense, SA, calcareous reddish brown pale brown. 

GM silty fine GRAVEL well graded, medium dense, SA, calcareous pale brown. 

CH CLAY with fine sand, soft, medium plasticity reddish brown. 

SW coarse SAND well graded, loose, SA, qtz yelllowish brown speckled pale grey. 

SP fine SAND poorly graded, loose, SR, qtz yelllowish brown. Poor recovery

SW med SAND well graded, loose, SR, qtz reddish brown yelllowish brown. Minor limestone 
chips up to 15mm

SW med SAND well graded, loose, SR, qtz yelllowish brown. 

SW-SG med SAND with med gravel well graded, medium dense, SR, calcareous yelllowish brown 
reddish brown. Limestone chips up to 15mm

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

SW med SAND well graded, loose, SR, qtz pale yellow pale reddish brown with pale grey. Minor 
dense limestone chips at 46 - 47m

SW med SAND well graded, loose, SR, qtz pale yellow pale grey. 

 0.05 L/s, 7.86, 1.15 
mS-cm 29.5 °C. 

 0.1 L/s, 7.22, 19.17 
mS-cm 29.8 °C. 

 0.1 L/s, 7.42, 32.1 
mS-cm 32.5 °C. 

 0.15 L/s, 7.47, 36.1 
mS-cm 29.7 °C. 
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LH04P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200620

7583776

43.31 m (toc) on 08/09/2020 Kim Greenham

47.5 m

9504 mg/L  on 08/09/2020 Ben Fisher

47 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GW fine GRAVEL well graded, dense, angular, calcareous reddish brown speckled pale 
brown. 

GW fine GRAVEL well graded, medium dense, angular, calcareous pale brown 
speckled reddish brown. 

SP fine SAND poorly graded, medium dense, SA, calcareous pale brown speckled pale 
reddish brown with pale yelllowish brown. 

SP med SAND with trace fine gravel poorly graded, medium dense, SA, calcareous 
brown speckled pale reddish brown with pale yelllowish brown. Iron limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous 
reddish brown speckled pale brown. 

SP med SAND with trace clay poorly graded, loose, SR, calcareous yelllowish brown 
speckled reddish brown with brown. Intermittent layers of denser limestone

SP med SAND poorly graded, loose, SR, calcareous brown reddish brown with 
yelllowish brown. Intermittent layers of denser limestone

SW coarse SAND well graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SP fine SAND poorly graded, medium dense, SR, calcareous brown speckled reddish 
brown with pale yelllowish brown. More dense at 44.3 - 45m
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LH06P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200728

7584023

38.26 m (toc) on 25/08/2020 Kim Greenham

43.7 m

10296 mg/L  on 25/08/2020 Ben Fisher

46 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL with trace fine sand well graded, dense, angular, calcareous brown 
yelllowish brown. Limestone

SW fine SAND with trace fine gravel well graded, medium dense, SA, calcareous pale 
brown speckled pale reddish brown with pale yelllowish brown. 

GW fine GRAVEL with trace fine sand well graded, medium dense, angular, calcareous 
pale brown pale reddish brown with pale yelllowish brown. Limestone

SW med SAND with trace fine gravel well graded, loose, SR, calcareous reddish brown 
speckled pale brown. Limestone chips

SW med SAND well graded, loose, SR, qtz brown pale reddish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 

SW med SAND with trace fine gravel well graded, medium dense, SR, calcareous 
brown speckled yelllowish brown with reddish brown. Minor mud loss

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 

SP fine SAND poorly graded, loose, SR, qtz brown speckled yelllowish brown with 
reddish brown. 
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LH07P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200619

7583530

46.42 m (toc) on 02/09/2020 Kim Greenham

50.32 m

13320 mg/L  on 02/09/2020 Ben Fisher

57 (mAHD)

15 45

        

Ground Surface
SP fine SAND poorly graded, loose, SR, qtz dark reddish brown. 

SW med SAND well graded, loose, SR, qtz reddish brown pale brown. 

SW med SAND well graded, loose, SR, qtz dark reddish brown. 

GW fine GRAVEL with trace med sand well graded, medium dense, angular, calcareous
dark reddish brown speckled yelllowish brown with pale brown. Iron stained limestone. 
Denser layer at 12 - 13m

GW-GC fine GRAVEL with clay well graded, medium dense, angular, calcareous dark 
reddish brown speckled brown with yelllowish brown. Iron stained limestone

SW-SG med SAND with fine gravel well graded, medium dense, SR, qtz brown speckled 
reddish brown with yelllowish brown. Iron stained limestone

SW med SAND well graded, loose, SR, qtz pale brown speckled pale reddish brown. 
Minor limestone chips

SW coarse SAND with trace fine gravel well graded, loose, SR, qtz yelllowish brown 
speckled pale brown with white. White limestone chips

SP fine SAND poorly graded, loose, SR, qtz brown speckled reddish brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz yelllowish brown speckled pale brown with 
reddish brown. Minor white limestone chips

SP fine SAND poorly graded, loose, SR, qtz reddish brown speckled brown with 
yelllowish brown. 

SW med SAND well graded, loose, SR, qtz brown speckled yelllowish brown with pale 
brown. 

SP fine SAND poorly graded, loose, SR, qtz pale yelllowish brown speckled pale brown. 

SW med SAND well graded, loose, SR, qtz pale yelllowish brown speckled pale brown. 
Medium dense layer at 45 - 46m

SW gravelly med SAND well graded, medium dense, SR, qtz pale yelllowish brown 

SW
L(

to
c)

 4
6.

42
 m

26
3.

5 
m

m
 S

te
el

 su
rfa

ce
 c

a
sin

g
15

4 
m

m
 P

V
C

 c
la

ss
 9

 c
a

sin
g

15
4 

m
m

 P
V

C
 sl

ot
te

d
 c

la
ss

 9
 sc

re
en

C
em

en
t f

ill 
5%

 b
en

to
ni

te

G
ra

ve
l f

ill 
G

ra
ve

l p
a

ck
 si

ze
 o

f 1
.6

 - 
3.

2m
m

TOC = 0.36 (magl)

Harrington Drilling

Rotary Mud

Mud

30/08/2020
2/09/2020

20/10/2020



Borehole:

Page: 2 of 2

1/298 Selby St, Osborne Park WA 6017
T: +618 94410999 F: +618 92041595
www.penningtonscott.com.au 

SUBSURFACE PROFILE

 D
ep

th
 (m

)

60

70

80

90

100

 L
ith

ol
og

y 
G

ra
p

hi
c

   
   

   
 D

ow
nh

ol
e

   
   

   
 G

am
m

a

Lithology Field Notes Bore Construction

Logged to Australian  Standard: Geotechnical Site Investigations AS 1726-1993/Amdt 2-1994.
© This log is copyright of PenningtonScott Pty Ltd. It may not be copied or reproduced without written consent.

LH07P

15 45

N
a

tiv
e 

b
a

ck
 fi

ll



Borehole:
Zone:Project:

Client:

Location:

Easting:

Northing:

SWL: Logged By:

Total Depth:

Salinity: Checked By:

Elevation:

Drilling Company:

Drilling Equipment:

Drilling Method:

Started:
Completed:

Page: 1 of 1
Compiled:

5/149 Herdsman Pde WA 6014
T: 08 9446 7090
www.penningtonscott.com.au 

SUBSURFACE PROFILE

 D
ep

th
 (m

)

0

10

20

30

40

50

 L
ith

ol
og

y 
G

ra
p

hi
c

   
   

   
 D

ow
nh

ol
e

   
   

   
 G

am
m

a Lithology Field Notes Bore Construction

Logged to Australian  Standard: Geotechnical Site Investigations AS 1726-1993/Amdt 2-1994.
© This log is copyright of PenningtonScott Pty Ltd. It may not be copied or reproduced without written consent.

LH08P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200990

7584487

35.39 m (toc) on 17/09/2020 Kim Greenham

39.9 m

2040 mg/L  on 17/09/2020 Ben Fisher

41 (mAHD)

15 45

        

Ground Surface
SW gravelly med SAND well graded, medium dense, SR, qtz dark reddish brown dark 
brown with pale brown. Gravel consists of limestone

SW med SAND well graded, medium dense, SR, qtz dark reddish brown pale brown. 

SW-SG med SAND with fine gravel well graded, dense, SA, calcareous pale brown 
reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown pale yelllowish 
brown. 

GW-GS med GRAVEL with med sand well graded, medium dense, angular, calcareous 
brown yelllowish brown. 

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz. 
SW med SAND with trace fine gravel well graded, medium dense, SR, qtz brown 
yelllowish brown. Fine gravel composed of limestone

SW coarse SAND well graded, medium dense, SA, qtz brown yelllowish brown. 

SW med SAND well graded, medium dense, SA, qtz brown yellowish brown with pale 
brown. 
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LH09P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200914

7584277

37.71 m (toc) on 12/09/2020 Kim Greenham

41.5 m

3840 mg/L  on 12/09/2020 Ben Fisher

54 (mAHD)

15 45

        

Ground Surface
SW med SAND well graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL well graded, very dense, angular, calcareous pale brown speckled 
reddish brown. Limestone

SW med SAND with trace fine gravel well graded, medium dense, SA, calcareous pale 
brown speckled reddish brown. 

SW med SAND well graded, medium dense, SR, qtz reddish brown speckled pale 
brown. Minor limestone

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz reddish 
brown speckled pale brown. Fine gravel composed of limestone

SW med SAND well graded, loose, SR, qtz brown speckled pale brown with reddish 
brown. 

SW med SAND well graded, medium dense, SR, qtz brown speckled yelllowish brown 
with reddish brown. Minor limestone chips

SW coarse SAND well graded, medium dense, SR, qtz brown speckled yelllowish brown 
with reddish brown. 
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LH10P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

2001006

7584389

36.23 m (toc) on 20/09/2020 Kim Greenham

39.15 m

1764 mg/L  on 20/09/2020 Ben Fisher

44 (mAHD)

15 45

        

Ground Surface
SW fine SAND well graded, loose, SR, qtz dark reddish brown. 

GW med GRAVEL well graded, dense, angular, calcareous pale brown. Limestone 
chips

GW sandy fine GRAVEL well graded, dense, angular, calcareous pale brown speckled 
reddish brown. Limestone chips

SW gravelly fine SAND well graded, dense, SR, qtz reddish brown speckled pale brown. 
Limestone chips

GW med GRAVEL well graded, dense, angular, calcareous brown speckled pale brown 
with yelllowish brown. Limestone chips

SW med SAND well graded, medium dense, SR, qtz reddish brown. 

SC clayey med SAND well graded, medium dense, SR, qtz reddish brown yelllowish 
brown. 

SW-SC med SAND with clay well graded, medium dense, SR, qtz brown yelllowish 
brown with reddish brown. Minor pale brown limestone also present

SW-SC coarse SAND with clay well graded, medium dense, SR, qtz brown yelllowish 
brown. Clay constituent is yellowish brown

SW coarse SAND well graded, medium dense, SR, qtz brown yelllowish brown. 
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LH11P
50 (GDA94)Lighthouse Borefield

MIN North West Resorts Pty Ltd

Lighthouse Borefield

200697

7583921

41.43 m (toc) on 23/09/2020 Kim Greenham

44.34 m

4530 mg/L  on 23/09/2020 Ben Fisher

52 (mAHD)

Ground Surface
SW fine SAND well graded, loose, SR, qtz dark reddish brown. 

SW gravelly med SAND well graded, medium dense, SA, qtz reddish brown. Fine gravel 
composed of angular limestone chips

GW fine GRAVEL well graded, dense, angular, calcareous pale brown speckled pale reddish 
brown. Limestone

SW-SG med SAND with fine gravel well graded, medium dense, SR, qtz pale reddish brown 
speckled pale brown. Fine gravel composed of limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz reddish brown speckled 
brown with pale brown. Minor limestone chips

SW med SAND with trace fine gravel well graded, medium dense, SR, qtz brown speckled reddish 
brown with brown. Minor limestone chips

SW-SC med SAND with clay well graded, medium dense, SR, qtz dark reddish brown. 

SW med SAND well graded, medium dense, SR, qtz brown reddish brown. 

SW med SAND well graded, medium dense, SR, qtz brown yelllowish brown. 

SW med SAND well graded, medium dense, SR, qtz yelllowish brown brown. 
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Appendix D 

Pump Test Results 
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Appendix E 

Water Quality Results 
 

Parameters Units LH04P LH06P LH07P LH08P LH09P 
Laboratory Parameters      
Ion Balance % -2.6 -2.1 -3.7 -5.2 -2.8 

pH pH_unit 7.3 7.4 7.3 7.3 7.4 

TDS (Evap) mg/L 9400 7000 14000 2900 4700 

Conductivity  at  25C uS/cm 15200 11600 21300 4900 8070 

Turbidity NTU <0.5 <0.5 <0.5 <0.5 1.2 
Turbidity – After Filtration NTU <0.5 <0.5 <0.5 <0.5 <0.5 
True Colour TCU 1 2 1 1 <1 
Major Ions      
Calcium - Filterable mg/L 298 204 302 202 186 

Chloride mg/L 5170 3810 7800 1420 2590 

Fluoride mg/L 0.53 0.46 0.78 0.17 0.44 
Magnesium - Filterable mg/L 265 220 430 80.2 147 

Silica – SiO2 mg/L 47 26 41 19 32 
Sodium - Filterable mg/L 2690 2050 4010 689 1310 

Sulfate mg/L 590 490 990 330 270 

Bicarbonate – HCO3 mg/L 350 350 340 240 300 
Carbonate - CO3 mg/L <1 <1 <1 <1 <1 

Hydroxide - OH mg/L <1 <1 <1 <1 <1 
Nutrients       
Nitrate as NO3-N (Calc) mg/L 0.48 3.2 0.38 11 1.9 

Ammonia as NH3-N mg/L <0.010 <0.010 <0.010 <0.010 <0.010 

Potassium - Filterable mg/L 128 94.9 191 32.4 67.2 

Metals       
Aluminium - Total mg/L 0.007 <0.005 <0.005 0.007 0.068 

Arsenic – Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Barium - Total mg/L 0.086 0.068 0.076 0.073 0.065 

Beryllium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Boron - Total mg/L 1.4 1.1 2.1 0.47 0.73 

Cadmium - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Chromium - Total mg/L 0.0007 0.0004 0.0007 0.0002 0.0005 
Cobalt - Total mg/L 0.0002 0.002 0.0005 0.0003 0.0003 

Copper - Total mg/L 0.0094 0.0018 0.0018 0.0021 0.0018 

Iron – Filterable  mg/L <0.005 <0.005 <0.005 <0.005 <0.005 
Iron - Total mg/L 0.008 0.005 <0.005 <0.005 0.039 

Lead - Total mg/L 0.0029 <0.0001 0.0008 0.0007 0.0006 

Manganese - Total mg/L 0.0023 0.087 0.011 0.021 0.029 

Molybdenum - Total mg/L 0.0009 0.0012 0.0013 0.0003 0.0004 

Nickel - Total mg/L 0.0057 0.0022 0.0021 0.003 0.0014 

Selenium - Total mg/L <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

Silver - Total mg/L <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Strontium - Total mg/L 3.4 2.7 5.2 1.1 2.1 
Tin - Total mg/L <0.0001 <0.0001 <0.0005 <0.0001 <0.0001 

Zinc - Total mg/L 0.057 0.009 0.011 0.009 0.01 
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Parameters Units LH10P LH11P 

Laboratory Parameters   

Ion Balance % -5.5 -3.4 
pH pH_unit 7.3 7.3 
TDS (Evap) mg/L 4400 6300 
Conductivity  at  25C uS/cm 7250 10200 
Turbidity NTU <0.5 <0.5 
Turbidity – After Filtration NTU <0.5 <0.5 
True Colour TCU 1 <1 
Major Ions    

Calcium - Filterable mg/L 212 221 
Chloride mg/L 2300 3370 
Fluoride mg/L 0.3 0.41 
Magnesium - Filterable mg/L 123 173 
Silica – SiO2 mg/L 31 35 
Sodium - Filterable mg/L 1060 1730 
Sulfate mg/L 280 390 
Bicarbonate – HCO3 mg/L 270 330 
Carbonate - CO3 mg/L <1 <1 
Hydroxide - OH mg/L <1 <1 
Nutrients    

Nitrate as NO3-N (Calc) mg/L 3.8 1 
Ammonia as NH3-N mg/L <0.010 <0.010 
Potassium - Filterable mg/L 53.6 84.4 
Metals    

Aluminium - Total mg/L <0.005 <0.005 
Arsenic – Total mg/L <0.0001 <0.0001 
Barium - Total mg/L 0.062 0.066 
Beryllium - Total mg/L <0.0001 <0.0001 
Boron - Total mg/L 0.62 1 
Cadmium - Total mg/L <0.0001 <0.0001 
Chromium - Total mg/L 0.0004 0.0005 
Cobalt - Total mg/L 0.0003 0.0003 
Copper - Total mg/L 0.0016 0.0017 
Iron – Filterable  mg/L <0.005 <0.005 
Iron - Total mg/L 0.01 0.011 
Lead - Total mg/L 0.0004 0.0003 
Manganese - Total mg/L 0.025 0.02 
Molybdenum - Total mg/L 0.0002 0.0004 
Nickel - Total mg/L 0.001 0.0009 
Selenium - Total mg/L <0.0002 <0.0002 
Silver - Total mg/L <0.0001 <0.0001 
Strontium - Total mg/L 1.7 2.3 
Tin - Total mg/L <0.0001 <0.0001 
Zinc - Total mg/L <0.005 0.006 
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Appendix G Aboriginal Heritage Surveys and Cultural Heritage Management 
Plan 
  



 

 

 

 

 

Northwest Resorts Pty Ltd  
 

 

 

 

Ningaloo Lighthouse Holiday Park Redevelopment Project 

 

 

Cultural Heritage Management Plan 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Version Date  Description Approved 

A 28-Aug-20 Draft – Issued for internal review Damien Lafrentz 

1 30-Oct-20 Issued for use Daniel Griffin 

    

    

 



 

Cultural Heritage Management Plan 

Ningaloo Lighthouse Holiday Park  

Rev A 

  

 

 Page 2 of 25 

Contents 

1 Project Overview ........................................................................................................................... 3 

1.1 Project Area ......................................................................................................................................... 3 

1.2 Background .......................................................................................................................................... 3 

1.3 Purpose................................................................................................................................................ 3 

2 Aboriginal Heritage Act 1972 ......................................................................................................... 5 

3 Terminology and Abbreviations ..................................................................................................... 7 

4 Aboriginal Stakeholder Engagement .............................................................................................. 8 

4.1 Aboriginal Stakeholder Group ............................................................................................................. 8 

4.2 Native Title and Cultural Heritage ....................................................................................................... 8 

5 Purpose of CHMP ........................................................................................................................... 9 

6 Summary of Consultation and Fieldwork ..................................................................................... 10 

6.1 Archival Research .............................................................................................................................. 10 

6.2 Aboriginal Heritage Survey ................................................................................................................ 10 

7 Heritage Survey Outcomes........................................................................................................... 11 

7.1 Summary of Heritage Site ................................................................................................................. 11 

8 Key Construction Hazards and Proposed Mitigation ..................................................................... 15 

9 Aboriginal Heritage Procedures / Control Methods ...................................................................... 16 

9.1 Inductions and Cultural Heritage Awareness Training ...................................................................... 16 

9.2 Demarcation of Aboriginal Heritage Site .......................................................................................... 16 

9.3 Stop Work - Aboriginal Heritage Incidents........................................................................................ 16 

9.4 Stop Work – Identification of Aboriginal Sites .................................................................................. 17 

9.5 Stop Work – Discovery of Skeletal Remains...................................................................................... 17 

9.6 Enforcement ...................................................................................................................................... 17 

10 Records........................................................................................................................................ 18 

11 References ................................................................................................................................... 19 

11.1 General References ....................................................................................................................... 19 

11.2 Online References.......................................................................................................................... 19 

 

Appendices 
APPENDIX 1 – Section 18 Consent letter .................................................................................................... 20 

APPENDIX 2 – YMAC Aboriginal Heritage Survey Report December 2019 ................................................. 25 

 

Figures 

Figure 1: Northwest Resorts Overview with DPLH Layer 

Figure 2: Aboriginal Heritage Survey Results 

Figure 3: Section 18 Consent Area 



 

Cultural Heritage Management Plan 

Ningaloo Lighthouse Holiday Park  

Rev A 

  

 

 Page 3 of 25 

1 Project Overview 

 

Northwest Resorts (the proponent) intend to facilitate a planned redevelopment of the existing Ningaloo 
Lighthouse Holiday Park located within Lots 2 and 557 Yardie Creek Road near Exmouth, WA. The 
redevelopment will include demolition of most of the existing holiday park facilities and then development 
of a mix of hotel rooms, villas, cabins, camping grounds and caravan facilities in a resort style setting, with 
associated functions spaces and boat wash down areas. A dedicated site for group camping activities is also 
planned, along with a future Stage 2 development that would include additional short stay/tourist 
accommodation. 

1.1 Project Area  

The project area comprises Lots 2 and 557 Yardie Creek Road, North West Cape, and is located within the 
Shire of Exmouth. The combined site comprises 45.346 hectares of land with direct road frontage to Yardie 
Creek Road.  

Lot 2 contains the existing Ningaloo Lighthouse Holiday Park, which comprises a mix of camping and 
caravan park areas, cabin-based guest accommodation, and associated facilities and amenities, whilst Lot 
557 is vacant, with the exception of an unsealed vehicle track. 

1.2 Background 

Consultation and a heritage survey were undertaken in 2019 with the Gnulli (Baiyungu) Native Title 
Holders. During the heritage survey, one registered Aboriginal site DPLH 10381 Vlaming Head and one 
sensitive sand dune area were identified within the project area. Section 18 consent was applied for by 
NWR in July 2020. 

As of October 2020, the project is subject to a Section 18 consent approval: 

 Reference 69-21438 dated 22 September 2020 

The area applicable to Section 18 consent is shown in the Figure 3. 

The Section 18 consent was issued with conditions, and there is a statutory requirement for NWR to 
adhere to and implement these conditions under the Aboriginal Heritage Act 1972. The Section 18 
approval is provided in Appendix 1.  

1.3 Purpose 

The purpose of this Cultural Heritage Management Plan (CHMP) is to provide a framework for the 
management of any Aboriginal heritage sites and values located within the project area. Whilst a CHMP is 
not required as a condition of the Section 18 consent, the NWR have prepared this CHMP based on the 
recommendations of the heritage survey report (YMAC 2019) and in accordance with a best-practice 
approach.  

In addition, this CHMP has been prepared to ensure the project is undertaken in a manner that complies 
with statutory obligations related to Aboriginal heritage management in accordance with the Aboriginal 
Heritage Act 1972. 
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Figure 1: Northwest Resorts Overview with DPLH Layer 
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2 Aboriginal Heritage Act 1972 

The Aboriginal Heritage Act 1972 (AHA) is “an Act to make 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 AHA applies to both places and objects, as defined in Section 5 and 6 of the Act, as outlined 
below. 

Section 5. Application to places 

This Act applies to — 

(a) 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 or adapted for use for, 
any purpose connected with the traditional cultural life of the Aboriginal people, past or 
present; 

(b) 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 Committee, 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 which this Act applies are traditionally stored, or to which, 
under the provisions of this Act, such objects have been taken or removed.  

Section 6. Application to objects 

(1) Subject to subsection (2a), this Act applies to all objects, whether natural or artificial and 
irrespective of where found or situated in the State, which are or have been of sacred, ritual or 
ceremonial significance to persons of Aboriginal descent, or which are or were used for, or 

made or adapted for use for, any purpose connected with the traditional cultural life of the 
Aboriginal people past or present. 

(2) Subject to subsection (2a), this Act applies to objects so nearly resembling an object of 
sacred significance to persons of Aboriginal descent as to be likely to deceive or be capable of 
being mistaken for such an object. 

(2a) This Act does not apply to a collection, held by the Museum under section 9 of the 
Museum Act 1969, which is under the management and control of the Trustees under that Act. 

(3) The provisions of Part VI do not apply to an object made for the purpose of sale and which 
— 

(a) is not an object that is or has been of sacred significance to persons of Aboriginal descent, 
or an object so nearly resembling such an object as to be likely to deceive or be capable of 
being mistaken for the same; or 

(b) is an object of the kind referred to in paragraph (a) that is disposed of or dealt with by or 
with the consent of the Minister. 
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The AHA also outlines the requirements relating to reporting of any identified potential heritage 
values or sites, as outlined below. 

Section 15. Report of findings  

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 engravings, stone structures or arranged stones, carved trees, or of any other place or thing 
to which this Act applies or to which this Act might reasonably be suspected to apply shall 

report its existence to the Registrar, 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 Registrar. 

The AH Act also identifies what constitutes an offence relating to Aboriginal sites, as defined in 
Section 17 of the Act, as outlined below. 

Section 17. Offences relating to Aboriginal sites 

A person who — 

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

(b) 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 
object on or under an Aboriginal site /  

commits an offence unless he is acting with the authorisation of the Registrar under section 16 
or the consent of the Minister under section 18. 

Section 18 of the AHA outlines the how consent can be provided by the Minister to the owner of a 

land (or a party acting on their behalf) to undertake specific uses on land that may impact upon 
Aboriginal heritage values. As discussed in Section 1.1, Section 18 consent applies to the project (See 
Appendix 1). 
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3 Terminology and Abbreviations 

 

Table 1 lists the terminology and abbreviations used in this Cultural Heritage Management Plan 
(CHMP): 

Table 1: Terminology and Abbreviations 

Terminology or 
Abbreviation 

Definition 

CHMP Cultural Heritage Management Plan (the Plan, this Plan) 

ACMC Aboriginal Cultural Materials Committee 

AHA Aboriginal Heritage Act 1972 (WA) (the Act) 

Contractor Contractor, Sub-Contractor, supplier, site supplier, vendor, seller 

DPLH The Department of Planning, Lands and Heritage  

Heritage Site an area identified to have cultural importance and significance to 
Aboriginal people 

NWR Northwest Resorts Pty Ltd 

Project Area The area within which the Project will be undertaken, as shown on Figure 1  

Project the planning, construction, operation and commissioning of the 
redevelopment project 

Project Personnel Staff, Contractors, Subcontractors, vendors, suppliers, and visitors to the 
project 

Registrar the person appointed under the Aboriginal Heritage Act 1972 to administer 
the day to day operations of the ACMC along with perform other functions 
as allocated under the AHA 

Section 18 Consent  the consent given by the Minister for Aboriginal Affairs to the owner of any 
land to use the land subject of a heritage site for a specific purpose 

Site Supervisor the person having responsibility for the supervision of on-ground activities 
from time to time (or their nominee) 

http://www.daa.wa.gov.au/en/About-DAA/Boards-And-Committees/ACMC/ACMC-members/
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4 Aboriginal Stakeholder Engagement  

 

4.1 Aboriginal Stakeholder Group  

The Ningaloo Lighthouse Holiday Park redevelopment project affects land in which the following 
Aboriginal People have asserted Aboriginal heritage knowledge: 

 Nganhurra Thanardi Garrbu Aboriginal Corporation   

The key Aboriginal stakeholder group and recognised Native Title Holders (2019) for the North West 
Cape area: 

 Baiyungu Native Title Holders  

The North West Cape (Vlamingh Head) includes areas of world-renowned heritage significance. 
Whilst the project area falls within a majority previously disturbed land area, the surrounding area is 
a highly sensitive and culturally rich area. Engagement with the Aboriginal Stakeholders was 
undertaken throughout 2019.   

4.2 Native Title and Cultural Heritage 

Native Title has been extinguished for Lots 2 and 557 Yardie Creek Road as the land tenure is 
freehold. 

From a cultural heritage perspective, NWR is committed to ensure the following is upheld when 
developing the project area:   

 Open and flexible communication with the Aboriginal Stakeholder group; 

 Consult with the Aboriginal Stakeholder group in relation to the management of identified 
Aboriginal heritage sites and places; and 

 Fulfil its statutory obligations under the Aboriginal Heritage Act 1972. 
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5 Purpose of CHMP 

 

The purpose of this Cultural Heritage Management Plan is to provide a document that outlines 
appropriate procedures to minimise the potential for any disturbance to existing and potentially 
unidentified Aboriginal (archaeological and ethnographic) sites during all phases of demolition and 
construction of the redevelopment of the Ningaloo Lighthouse Holiday Park.   

This CHMP sets out the steps to be followed by NWR, its contractors and all employees to identify 
and manage Aboriginal heritage values that may be affected by the project in a manner that complies 
with relevant Legislation and the commitments made to Aboriginal Stakeholders.  

This CHMP has been developed based on the findings of a 2019 Aboriginal heritage survey and the 
associated consultation undertaken with the Aboriginal stakeholders. 

Table 2 sets out the objectives, performance indicators and targets for management of Aboriginal 
Heritage values associated with the project.  
 

Table 2: Objective and Management Targets 

Aboriginal Sites Objectives Performance Indictors / Targets 

Recorded Aboriginal site 
To minimise disturbance to 10381 
Vlaming Head site.  

Restricting disturbance to only the 
land approved under Section 18 
consent. 

Unrecorded Aboriginal 
sites (in unlikely event 
they are discovered) 

To manage new sites/cultural material 
uncovered or identified during 
construction of the Project in accordance 
with the Aboriginal Heritage Act 1972 

All sites managed in accordance 
with the Aboriginal Heritage Act 
1972 
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6 Summary of Consultation and Fieldwork 

 

NWR engaged with the Yamatji Marlpa Aboriginal Corporation to facilitate an Aboriginal heritage 
survey over the project area with the Gnulli People. This included archival research, archaeological 
and ethnographic field assessments and consultation with the Aboriginal Stakeholders. Refer to Table 
3 for full list of the significant consultations held to date.  

6.1 Archival Research 

A review of the Department of Planning, Lands and Heritage (DPLH) Aboriginal Heritage Inquiry 
System identified 1 registered site DPLH 10381 Vlaming Head and no Other Heritage Places 
overlapping the project area. Refer to report at Appendix 2 for more information.  
 

6.2 Aboriginal Heritage Survey  

The Gnulli People were engaged through their representative agency the Yamatji Marlpa Aboriginal 
Corporation. An Aboriginal heritage survey with nominated Gnulli representatives was undertaken in 
December 2019.  
 
The survey methodology was Site Identification to allow for any Section 18 requirements. 
 
The project area has in parts been extensively disturbed by historic activities associated with the 
existing holiday park.  
 

Table 3: Aboriginal Stakeholder Engagement 

Date Group Consultation Details 

10 April 2019 Gnulli NTC  Working Party project presentation 

21 May 2019 Gnulli NTC Working Party project presentation 

17 October 
2019 

Gnulli NTC Signed heritage agreement 

12 December 
2019 

Gnulli NTC Site Identification Aboriginal heritage survey 

5 June 2020 Baiyungu Elders Section 18 notice consultation meeting (teleconference) 

Please note: consultation will be ongoing as the project evolves, and additional events will be added to Table 3 
as they occur. 
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7 Heritage Survey Outcomes 

7.1 Summary of Heritage Site 

During the heritage survey, one registered Aboriginal site DPLH 10381 Vlaming Head and one 
sensitive sand dune area were identified within the project area, refer Table 4. Also see Figure 2 
which shows the survey results and their physical location as identified during the December 2019 
heritage survey.  
 
The heritage survey did not identify any new Aboriginal (archaeological or ethnographic) heritage 
sites.  
 

Table 4: Summary of Heritage Finds 

Identifier Site Type Status Extent of proposed impact Site Management Strategy 

 

10381 

Vlaming Head 

 

 

Ceremonial  Registered 

 

Partial Impact 

 

1. Section 18 Consent required 
for impacts to 10381 
Vlaming Head. 

2. Contain disturbance within 
10381 Vlaming Head to area 
of previous disturbance.  

3. Demarcate the approved 
Section 18 area within the 
10381 Vlaming Head site 
with temporary fencing to 
restrict access and 
inadvertent impacts.  

 

 

Sensitive Dune 
Area 

Landscape 
Feature 

N/A None – to be avoided 

 

DPLH 10381 Vlaming Head 

The site file records this cultural place where Aboriginal people have attributed significant meaning to 
the limestone ridge of Cape Range which ends at its northern most point with Vlaming Head as it is 
known now. Aboriginal people called this place Padjari Manu after the name for the hill kangaroo 
Padjaru that inhabit its caves, rockshelters and waterholes. This sacred place contains mythological, 
ceremonial and ritual elements of Aboriginal culture and is registered site under Section 5(b) of the 
Aboriginal Heritage Act.  
 
The DPLH site boundary, which appears on the public database as a two kilometre square polygon, 
overlaps the project area at the Ningaloo Lighthouse Holiday Park. However the actual boundary is 
masked as the site is culturally sensitive.  
 
Sensitive Dune Area 

This is a sand dune and is partially within Lot 557. This is a north south trending longitudinal dune 
that extends for approximately two kilometres and ends just south of the fore dunes on the tip of 
Vlamingh Head. It is composed of red sand and is covered with grasses and spinifex. It is the 
westernmost of the longitudinal dunes on the plain and is flanked by the ranges on the immediate 
west. As such it would have been the closest such landform to both the coastal area of Vlamingh 
Head and the resources of the ranges.  
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Given the auspicious location of the dune crest in proximity to the ranges and the coastal fore dunes 
of Vlamingh Head it is possible that this land form was a focal point for human activity in the past and 
possible burials. This natural feature has potential for sub-surface cultural material. 
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Figure 2: Aboriginal Heritage Survey Results 
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Figure 3: Section 18 Consent Area 
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8 Key Construction Hazards and Proposed Mitigation 

 

Construction will involve a variety of ground disturbing activities and other general access 
requirements, which will change from time to time as the construction programme evolves. Table 5 
lists the generic key hazards expected during construction, and the mitigating strategies to be put in 
place. Project personnel will be required to abide by all mitigation strategies, to ensure these key 
hazards are managed appropriately and to avoid any potential impacts.  

 

Table 5: Key Hazards to Aboriginal Heritage during Construction 

KEY HAZARDS MITIGATION STRATERGIES  

Vehicle / machinery 
activity 

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Vehicle and machinery movements limited to areas that have been 
subject to heritage clearance or previous disturbance. 

 Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

Vegetation clearing  Vegetation clearing limited to areas that have heritage clearance.  

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

Earthworks  Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Earthworks limited to areas that have been subject to heritage 
clearance.  

 Demarcation of heritage places and sites as required to avoid indirect 
disturbance. 

Maintenance and 
construction activities  

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Construction activities limited to areas that have been subject to 
heritage clearance.  

 Demarcation of heritage places and sites as required to avoid indirect 
disturbance. 

Direct human contact  Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

 All project personnel and contractors to attend compulsory inductions 
prior to commencing site work and will undergo training in relation to 
cultural heritage obligations under this Plan. 
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9 Aboriginal Heritage Procedures / Control Methods 

 

The main consideration for the development of the site is the requirement to consider cultural 
heritage during construction and ground disturbance. As such, all construction personnel will be 

informed of cultural heritage management requirement as part of their site induction process. This 
will focus on the importance of cultural heritage in the area plus procedures for the discovery of 
cultural material through the construction process. 

  

9.1 Inductions and Cultural Heritage Awareness Training 

Before commencing work on the project all project personnel must attend a mandatory project 
induction.  

The Aboriginal heritage component of the project induction will ensure participants are made aware 
of: 

 Their obligations and the protected nature of all Aboriginal sites, recorded and unrecorded, 
under the AHA; 

 The procedures and protocols established in this document to avoid disturbance to sites; 

 The possibility of encountering new sites and what may constitute a site/cultural material; 

 The significance of Aboriginal Sites within and/or in close proximity to all areas associated 
with the Project; and 

 The penalties of disturbance to Aboriginal sites.  

 

9.2 Demarcation of Aboriginal Heritage Site 

The outer perimeter of the heritage site and sensitive dune area will be physically demarcated in the 
field to avoid any indirect disturbance. 

The demarcation will be installed using temporary fencing prior to any activities being undertaken. If 
required signage will also be installed.  
 

9.3 Stop Work - Aboriginal Heritage Incidents  

It is a breach of section 17 of the AHA to disturb or damage an Aboriginal site without prior section 18 
Ministerial approval. No ground disturbing work in an Aboriginal heritage site should be conducted 
without first having Ministerial consent in the form of section 18 consent.  

In the event that inadvertent damage occurs to the Aboriginal heritage site 10381 Vlaming Head 
within the project area, the damaging activity will cease immediately, and the following procedures 
will be followed: 

 Work will cease, and the Site Supervisor will be contacted, and the area will be cordoned off; 

 The Site Supervisor will contact the Heritage Advisor to assess the situation to determine the 
extent of impact and noncompliance; 

 Pending assessment, the Heritage Advisor will contact the DPLH, the relevant Aboriginal 
Stakeholders immediately; 

 The Site supervisor and the Heritage Advisor will investigate the cause of the disturbance; 

 The incident will be dealt with and reported on accordingly; 
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 The Heritage Advisor, along with the Site Supervisor, will implement any recommendations or 
procedures as directed by the DPLH and the Aboriginal Stakeholders. 

No work is to be conducted in the damaged area until the issue is resolved, and new procedures are 
in place. 
 

9.4 Stop Work – Identification of Aboriginal Sites 

Whilst every effort has been made to identify all Aboriginal heritage sites, there may be Aboriginal 
heritage sites within the project area that have not been discovered. If cultural material is uncovered 
or identified, the procedure detailed above must be followed along with the following 
considerations: 

 The Site Supervisor will contact a qualified Cultural Heritage Specialist to determine whether the 
material constitutes a site as specified under section 5 of the AHA; 

 If the material is determined to constitute a site, the Cultural Heritage Specialist will conduct the 
necessary site recording and the area will be avoided and demarcated;  

 If the material is deemed not to constitute a site under the AHA, management strategies and next 
steps will be developed in consultation with the Cultural Heritage Specialist and site supervisor;  

 

9.5 Stop Work – Discovery of Skeletal Remains  

If human remains are uncovered at any stage during the development the incident reporting 
procedure detailed above must be followed along with the following considerations: 

 The Site Supervisor will contact the Western Australian Police Department. 

 The Site Supervisor will contact the Cultural Heritage Specialist who will contact the DPLH and the 
Aboriginal Stakeholders. The Aboriginal Stakeholders and the Cultural Heritage Specialist will be 
allowed on site with the WA Police for consultation purposes. 

 If the remains are decided to be historical Aboriginal, then determination of the procedure will be 
directed by DPLH and the Aboriginal Stakeholders.  

 If the remains are not historical Aboriginal, then direction from WA Police will be sought. 

 No personnel are allowed to disturb, touch or alter in any way the human remains unless they 
have been authorised by WA Police or the DPLH. 

 
9.6 Enforcement 

To ensure that the CHMP is enforced, the following measures will be implemented: 

 All personnel working within the site will undertake Aboriginal Heritage Inductions prior to 

commencing the project works  

 Ongoing reminders to be incorporated into weekly meeting procedures (such as ‘start-up 
meetings’). 

 Implementation of management framework for cultural finds and skeletal remains as per Section 
9.  

 Heritage management processes and site protection measures to be assessed and verified on a 

regular basis (if any heritage sites are found). 

 The site supervisor will be responsible for enforcement of the CHMP. 
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10 Records 

 

It is important that accurate written records are maintained with regard to consultation, heritage 
surveys and any heritage breach or incidents as noted above:  

 The YMAC heritage survey report will be maintained and appended to this CHMP as Appendix 
2.  
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Department of Aboriginal Affairs (DAA) 2103, Aboriginal Heritage Due Diligence Guidelines (Version 
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survey of the proposed Ningaloo Lighthouse Holiday Park expansion undertaken by the Gnulli 
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Appendix 1 – Section 18 Consent letter 
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Appendix 2 - YMAC Aboriginal Heritage Survey Report December 2019 
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Copyright 
 

This report and the information contained herein is subject to copyright. No portion of this 

document may be reproduced or copied in any form without the written consent of the joint 

copyright holders, being the Gnulli people and their representative Yamatji Marlpa Aboriginal 

Corporation. 

Ownership of the intellectual property rights of the information provided by the Gnulli Native 

Title Claim Group native title representatives remains the property of those named 

representatives. 

© YMAC 2019 

 

Spatial data and GIS 
 

Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 

Positioning System device. The manufacturer states that these devices are accurate to within 

+/- 5 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 

[Zone 50].   
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 

and ethnographic site identification (SID) survey completed on the Gnulli native title claim 

(WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

NWR requested an archaeological and ethnographic SID heritage survey at the proposed 

Ningaloo Lighthouse Holiday Park expansion area. These project areas and their completion 

status at the end of the survey are summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 

descendants of Aboriginal people from the Cape Range area. These representatives were 

nominated by the native title group based on the most current selection processes endorsed 

by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size 
Completion 

Status 
Request 

Lot 557  33.09 ha Complete 
Archaeological and anthropological site 

identification survey  

Lot 2 16.02 ha Complete 
Archaeological and anthropological site 

identification survey  

 

2.1 Summary of results 
 

 Confidential desktop research revealed the restricted site boundary of the Department 

of Planning, Lands and Heritage (DPLH) registered mythological and ceremonial site 

ID 10381 Vlaming Head overlaps the western third of Lot 2;  

 The restricted boundary of DPLH ID 10381 Vlaming Head does not overlap Lot 557; 

 Lot 557 is partially clear for the stated works to proceed outside of the Sensitive Dune 

area; 

 A portion of Lot 2 is not clear for the stated works to proceed as it is within Registered 

heritage site DPLH ID 10381 Vlaming Head; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 The site identification level recording of ID 10381 Vlaming Head is sufficient for the 

submission of an HISF to DPLH; and 

 A landscape feature with a high potential to reveal human remains was identified 

(Sensitive dune area) and it is recommended that this area is avoided. 
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The results of the archaeological and anthropological heritage survey are presented in section 

7 and maps 3 and 4. Detailed recommendations and heritage considerations are presented in 

section 8.  
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3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for the 

proposed Ningaloo Lighthouse Holiday Park development and expansion. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 

(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 

to request an archaeological and ethnographic SID survey at the Ningaloo Lighthouse Holiday 

Park project area. 

The archaeological and anthropological heritage survey was conducted within Lots 2 and 557 

Yardie Creek Road, North West Cape. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 

areas. 
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Map 1: Lot 2 and Lot 557 Yardie Creek Road. 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 

proposed Ningaloo Lighthouse Holiday Park expansion (Lot 2 and Lot 557). The spatial data 

was entered into the Department of Planning, Lands, and Heritage’s (DPLH) Aboriginal 

Heritage Enquiry System (AHIS) to identify any Registered Aboriginal sites, other heritage 

places (OHPs), prior surveys and associated reports relevant to the project area. Where 

applicable, unpublished heritage reports and relevant academic resources were also 

consulted. These site files and reports were requested from the DPLH and reviewed prior to 

mobilisation. The summaries of these sites are presented in section 7 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 

the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 

section 5 and section 39 of the AHA. These sites are added to the permanent register of 

Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending assessment they are entered onto the 

temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 

so disturbed that the heritage values are no longer present or places that have been 

assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified one registered Aboriginal site within the project area (see map 3). 

Vlaming Head (DPLH ID 10381) is a place of sacred importance (Randolph et al 1986) that 

has a closed or obscured boundary on the DPLH public database because of cultural 

sensitivity. Correspondence between YMAC and DPLH on behalf of the descendants of the 

Aboriginal heritage informants revealed that the site covers part of Lot 2 and will therefore be 

within the impact zone of the current project. This site is linked to other sites of spiritual and 

ceremonial importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 

occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 

current survey area are a number of different site types. Shell middens have been located on 

the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 

paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 

Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 

such as that found near freshwater creeks and mangrove communities, which provide both 

aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 

eastern side of the peninsula but this may be the result of less systematic inspections on this 

side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 

Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 

Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 

by recreational use of the area (Morse 1984:1). The expansion of the current Ningaloo 

Lighthouse Holiday Park will increase the visitor traffic to the area and may result in indirect 
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disturbance to the Vlaming Head site. It is important that this is considered in management 

plans and that measures are implemented to ensure that tourist activity is directed away from 

this area and that respect for the spiritual values of the cape are encouraged. 

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 

to the survey area and provides a deeper understanding of the cultural landscape. Prepared 

by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 

“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 

neighbours of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 

an area roughly between Point Cloates and Quobba Point and inland to approximately Mia. 

To their north were the Jinigudira and to the south the Maia. Probably during the latter portion 

of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 

pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 

elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 

like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 

them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 

Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 

kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 

Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 

local population in the 1800s or are considerably older, the sand dunes of the coast and 

Exmouth region have proved to be preferred burial places. The possibility of finding human 

remains in the vicinity of Vlamingh Head would be reasonably high especially in the coastal 

dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 

history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 

that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded sites in the vicinity of Vlaming Head 
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Table 2: Summary of desktop research results 

Project area DPLH site ID / OHP ID Name Type Restrictions 

Lot 557  N/A N/A N/A N/A 

Lot 2 ID 10381  Vlaming Head Sacred Closed site 
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4.1 Summary of DPLH registered Aboriginal sites 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH site file records this cultural place where Aboriginal people have attributed 

significant meaning to the limestone ridge of Cape Range which ends at its northern most 

point with Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu 

after the name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. 

This sacred place contains mythological, ceremonial and ritual elements of Aboriginal culture 

and is registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 

polygon, overlaps the project area at the Ningaloo Lighthouse Holiday Park. However the 

actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 

including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 

a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 

Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 

4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 

consultation for an application under Regulation 10 of the AHA and a work program clearance 

survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 

descendants of the original informants, reiterated the importance of the DPLH ID 10381 

Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 

compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 

ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 

the survey conducted closest to the current project areas. The survey only covered an area of 

300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 

centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 

that cultural material had been found in red dune deposits similar to that found in the project 

area, but that these were approximately 1.5 km to the north and closer to the resources of the 

coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 

with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 

concluded that the inland areas appeared to have been used for gathering plant foods and 

hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 

relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 
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sites in the area. The report also provides recommendations for the management of the sites 

in relation to tourists visiting the region. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 

Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 

Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 

and recorded as a result of the fieldwork. The report contains historical renderings of rafts 

used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 

of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 

Vlaming Head is described in the report and the relationship between the site and the cape 

ranges is explained. 
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5 Survey areas 
The Ningaloo Lighthouse Holiday Park project area is located 17 km northwest of Exmouth at 

Vlamingh Head. It includes two lots, Lots 2 and 557 Yardie Creek Road, for the expansion and 

upgrade of the current Ningaloo Lighthouse Holiday Park. 

5.1 Lot 2 and Lot 557 
Lot 2 and Lot 557 Yardie Creek Road, North West Cape, are the site of the proposed 

redevelopment of the existing Ningaloo Lighthouse Holiday Park. Currently the holiday park 

operates within Lot 2 but the redevelopment will involve expansion within this lot and into 

sections of Lot 557 (see plate 2). 

 

Plate 2: Looking east over the Ningaloo Lighthouse Holiday Park from Vlamingh Head Lighthouse 

Lot 2 sits behind the beach dunes at Vlamingh Head. It is adjacent to Lighthouse Hill and the 

western side of the lot is a steep incline leading up to the lighthouse. The southern margin is 

defined by a deep gully that drains from the hill and cuts through the holiday park to the beach. 

This area would have been characterised by access to a range of resources, including fresh 

water, as well as a sheltered location behind the beach. Because the holiday park was 

constructed prior to the adoption of surveys for heritage sites, no investigations of the area 

within Lot 2 were conducted and despite the auspicious location any surface archaeological 

material is now gone. 

Lot 557 is adjacent and is relatively pristine in comparison but there are tracks for access, 

including one substantial track that runs for the length of the lot. Similar to Lot 2, Lot 557 skirts 

the eastern edge of the ranges and the western side of this area is undulating limestone. A 

band of limestone also cuts through the centre of the lot from east to west. Running north 
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south on the eastern side of the lot is a red sand dune crest that is part of a longitudinal dune 

and extends from the project area to two km south of it. Generally the vegetation consists of 

sparse to moderately dense spinifex and shrubs over red sand. 
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6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 

During the brief the heritage team discussed the scope of works, proposed use of the land, 

and the SID heritage survey methodology. The Gnulli representatives had the opportunity to 

discuss, contribute to, and comment upon the proposed survey methodology and gave their 

consent to the SID methodology. Field briefings were completed every morning to ensure 

ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 

debrief meeting the team discussed the results of the survey, sought feedback, and collected 

recommendations and considerations for the sites and project area from the Gnulli. 

SITE IDENTIFICATION 

The archaeological and ethnographic heritage survey within Lot 2 and Lot 557 was 

undertaken to a SID standard. In line with YMAC’s heritage management principles this type 

of heritage survey should only occur in areas where a proponent knows they will have to apply 

for s18 permit, or at sites that have been earmarked for further investigation under s16 of the 

AHA. 

Site identification surveys record Aboriginal sites to a level sufficient to complete a HISF form 

for submission to the DPLH. Based on the HISF the ACMC will then make a judgement of 

whether or not they believe that the heritage place constitutes an Aboriginal site under s5, and 

s39 of the AHA. 

The minimum recording standards for YMAC site identification surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 

 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner Representatives. It is expected that this 

will be noted in the report where it occurs along with an explanation of why the 

increased spacing was deemed necessary, accompanying photographs of the terrain, 

and the names of the Traditional Owner representatives that endorsed the change of 

methodology; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 

heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 

 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 

visibility and potential visits by non-authorised persons. In this instance, the wishes of 

the Traditional Owner representatives supersede this standard; 

 Site identification recording of heritage places: 

o Detailed site plan; 

o For rockshelters, in addition to the site plan, elevation and profile drawings; 

o Location of the heritage place within the survey area; 

o Any nearby infrastructure; 

o Environmental context including vegetation, ground surface composition, 

ground surface visibility and any other relevant environmental information; 
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o Landscape context; 

o Proximity to water sources; 

o Detailed description of any disturbance to the place or heritage objects, both 

natural and anthropogenic in origin; 

o A justification of the selected boundary; 

o A description of the heritage values of the places; 

o A detailed description of the heritage objects within the place: 

 This may include targeted sampling using sample squares. 

 YMAC do not have a minimum sample size and rely on the professional 

judgement of consultants to determine an appropriate sampling 

strategy that accurately reflects the heritage values of the site. 

 Please provide a description of the sampling strategy within the site 

description in the HISF or report. 

 Conversely, if an artefact scatter was not systematically sampled, 

please provide an explanation as to why this did not occur; 

o Detailed photographs, with and without scales of the context, condition, 

heritage values, and heritage objects associated with the place; 

o Collect ethnographic information concerning the potential uses of the place and 

the meaning, importance, and significance of the place to the Traditional 

Owners; 

o Record recommendations concerning any additional ethnographic work that 

needs to be undertaken, along with any mitigative strategies proposed by the 

Traditional Owners. 

 Recording of survey progress by archaeologist / anthropologist using a field notebook 

a copy of this may be requested by YMAC; and 

 An appropriate photographic record of the survey. 

 

6.1 Archaeological survey 

Lot 2 and Lot 557 

The bulk of Lot 2 is already occupied by the Ningaloo Lighthouse Holiday Park. The party 

toured this lot in order to identify areas that might require inspection and also gained a view of 

the surrounding area from the highest point of the lot. Those areas that were not occupied by 

buildings or landscaping were found to be at a steep slope and those present on the survey 

agreed that it would be both unsafe and pointless to survey those areas for heritage sites. 

Lot 557 was inspected on foot by the entire party. A hand held GPS unit (Garmin GPS Map 

Datum WGS84 Zone 50) was used to identify the area and borders of the Lot and to place 

and orient the transect lines. The Gnulli representatives, two proponent representatives, the 

anthropologist and the archaeologist walked east west transects using the main track as a 

baseline. The participants were spaced at 15 m intervals and inspected all of the undisturbed 

areas within the lot. 

 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 

participated and observed the Gnulli participants walking transects and locating artefactual 

material. The anthropologist discussed and recorded ethnographic comment and observations 



 

Page 17 of 30 

in a field notebook at the respective project areas and potential impact of proposed DBCA 

works with the Gnulli participants. This information and data was later analysed and 

conclusions drawn to formulate appropriate recommendations for cultural heritage 

management. Maps of the survey area were made available to the Gnulli participants during 

the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 

survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 

60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 

NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 

consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 

representatives.  

The following day the survey team focussed on the holiday park survey area within Lots 2 and 

557 and the important mythological and ceremonial site Padjari Manu (DPLH 10381 Vlaming 

Head). The survey team walked a number of transects to inspect Lot 557 which is vacant land 

and mostly undisturbed. It consists of thickly vegetated coastal dunes, spinifex and low 

limestone outcrops. The Gnulli participants commented on a number of bush food resources 

in the area including the previously mentioned bush walnut (see plate 3).  

 

Plate 3: Gnulli participant Jermaine Baron examining bush food. 

 

On the dune a Gnulli participant commented on a small piece of bone at GDA94 coordinates 

201920E 7585374N (see Plate 6) but the origin of the bone could not be ascertained. 

Discussion regarding the dune was held with Northwest Resorts and an undertaking given 

that they not conduct any work in the dunes east of the main track to avoid uncovering any 
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artefactual material or human remains that may be within it. More bones were found during 

subsequent transects which were definitely faunal/hill kangaroo.  

 

Plate 4: Bone fragment found on dune in Lot 2 

A natural limestone area at GDA94 coordinates 701767E 7585210N (see Plate 5) was 

inspected but found to have no human disturbance evident. Several more transects were 

walked to inspect the areas around the holiday park in Lot 2 and the group stopped at chalets 

on ridge at GDA94 coordinates 201540E 7585442N. Gnulli participants commented on the 

numerous Bungari or hill kangaroos seeking shelter from the heat.  
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Plate 5: Natural limestone area in Lot 557. 

The survey concluded with a discussion about the proposed development and its potential 

impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 

the Baiyungu have an obligation and a right under native title and heritage to be respected 

and recognized as the custodians of this place and story and wish to work together with 

proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 

and control unauthorised access that might damage the place and upset the ancestors. The 

Gnulli representatives commented that these same ancestors protected and cared for the 

survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 

community. 
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Map 3: DPLH ID 10381 Vlaming Head within Lot 2 
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7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey of the proposed Ningaloo Lighthouse Holiday Park 

expansion area (Lot 2 and Lot 557) for Northwest Resorts. The results are summarised in Table 3 and in Maps 3 and 4. The spatial data has 

been provided with the preliminary advice. An abbreviated summary of the heritage place recorded to SID standard is presented below due to 

the cultural sensitivity of the information recorded during the survey. An HISF containing the cultural information for this site has been submitted 

to DPLH for consideration by the ACMC. 

Table 3: Summary of results from GNU680-1 

Scope # 

/ Name 

Completion 

status 

Heritage places / 

areas 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Lot 557  Complete One not clear area N/A N/A Sensitive Dune Area 

Lot 2 Complete 
One Registered 

Aboriginal heritage site 

ID 10381 Vlaming 

Head 
N/A N/A 
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Map 4: Lot 2 and Lot 557 survey results 
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7.1 Newly identified heritage sites 
 

One area of sensitivity, a red dune, was recorded during the survey of Lot 557. More 

information regarding this recording is outlined in the description below.  

7.1.1 Sensitive dune area – potential burial 

This is a longitudinal dune that extends north south and is partially within Lot 557. 

Site boundary 

The dune was defined using two metre contour data and aerial photography to identify the 

extent of the landform within Lot 557. A smaller area of concern was marked using a hand 

held GPS unit but it was thought that the entirety of the dune could potentially contain sub 

surface material and human remains. The sensitive section of the landform is the red sand 

crest but part of this dune within Lot 557 is limestone and this section is unlikely to contain 

burials. 

Environmental context 

This is a north south trending longitudinal dune that extends for approximately two kilometres 

and ends just south of the fore dunes on the tip of Vlamingh Head. It is composed of red sand 

and is covered with grasses and spinifex. It is the westernmost of the longitudinal dunes on 

the plain and is flanked by the ranges on the immediate west. As such it would have been the 

closest such landform to both the coastal area of Vlamingh Head and the resources of the 

ranges.   

Description 

The defined area includes a red sand dune crest with some wind eroded exposed areas. 

Kangaroo bone was found in and around these areas. In one blow out a piece of post cranial 

non-diagnostic bone was found and the party discussed the possibility that this was a piece of 

human bone from a burial within the dune. Those present concluded that the best way to 

protect unidentified burials was to preserve the dune landform. 

Given the auspicious location of the dune crest in proximity to the ranges and the coastal fore 

dunes of Vlamingh Head it is possible that this land form was a focal point for human activity 

in the past.  

Site condition 

The dune appears to be relatively pristine although rubbish from surrounding land uses litters 

the area. If the dune area is left undeveloped and large volumes of tourists are encouraged 

away from the landform with alternative pathways, then it should remain relatively stable. 

Indirect disturbance from water action, the removal of vegetation and uncontrolled litter or 

traffic could have a negative impact on the stability of the dune. 

Importance and significance 

The Sensitive Dune Area is potentially of importance and significance under section 39(2) a 

and b of the AHA. Those consulted confirmed that dune crests were places where people 

were buried in the past. By definition, the act of interring a loved one in accordance with 

tradition is a ceremony and the resulting grave a place of reverence and ritual attendance. 
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Additionally, artefact scatters found near the coast at the northern tip of the cape have often 

been found on the crest of sand dunes (Przywolnik 1998:6), and this dune is in proximity to a 

number of significant landscapes such as Vlamingh Head and the northern end of the range. 

 

7.2 Registered heritage site assessment 
One previously recorded heritage site was the subject of the ethnographic consultation. The 

cultural significance of ID 10381 Vlaming Head was considered by the Gnulli representatives 

and anthropologist and continues to meet the criteria of an Aboriginal site under section 5(b) 

of the AHA. The site must be avoided and protected unless consent is granted by the Minister 

for Aboriginal Affairs under section 18 of the AHA to use the land containing the site. The 

proposed works area within the previously disturbed area and proposed expansion area of Lot 

2 will have no impact on the cultural heritage values of Vlaming Head while the cultural 

heritage values and traditions continue to be practised according to the rights and interests of 

the Aboriginal custodians of the area. 

An abbreviated summary of the information recorded for ID 10381 Vlaming Head to SID 

standard is presented below due to the cultural sensitivity of the information documented 

during the survey. An HISF containing the cultural information for this site has been submitted 

to DPLH for consideration by the ACMC. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 

Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 

the ranges reaches the ocean. Access to power is gained at this location to protect the cape 

region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 

the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 

Head, fears are held by the representatives for the safety of the area and their people if the 

importance of the site is not observed. As the groundwater is important in the sacred 

narratives, the Gnulli representatives raised concerns regarding the drawing of water from 

bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 

Aboriginal traditional law to be respected and recognized as the custodians of this place and 

mythological story and wish to work together with visitors to protect and care for this place, 

raise awareness of Inagudura culture and control unauthorised access that might damage the 

place and upset the ancestors. The Gnulli representatives commented that these same 

ancestors protected and cared for the survivors of the shipwrecked barque, Stefano in 1875 

and guided them back to their community. 

The Gnulli representatives commented that some members of the Gnulli native title holder 

group (as of December 2019) who were not present would like to meet with the proponents to 

discuss the proposed application under section 18 of the AHA involving the Vlaming Head 

heritage site. 
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7.3 Summary of Surveys 
 Confidential desktop research revealed the restricted site boundary of the DPLH 

Registered mythological and ceremonial site ID 10381 Vlaming Head overlaps the 

western third of Lot 2 where the Ningaloo Lighthouse Holiday Park is located; 

 Desktop research revealed no Aboriginal sites or heritage places within the adjacent 

Lot 557; 

 One sensitive area (Sensitive Dune Area) was identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 Gnulli representatives requested that the proponent meet with elders and senior 

members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 

who were unable to attend the heritage survey to discuss the application under section 

18 of the AHA, mitigative strategies and ongoing relationship with the relevant native 

title holders. 
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8 Recommendations and considerations 
An archaeological and ethnographic SID heritage survey of the Ningaloo Lighthouse Holiday 

Park expansion area (Lot 2 and Lot 557) for NWR is now complete. The proposed works are 

partially cleared to proceed subject to the following recommendations: 

1. A western portion of Lot 2 is not clear for the stated works to proceed as it is within 

Registered heritage site ID 10381 Vlaming Head; 

2. In order to conduct the proposed works within that portion of Lot 2 overlapping the 

registered site an application to use the land containing the site under section 18 of 

the Aboriginal Heritage Act 1972 (AHA) will be required; 

3. It is recommended that consultation is conducted with North Gnulli Elders who have 

rights and interests in the Vlaming Head area to discuss mitigative strategies that 

lessen any potential impact of the proposed development on the cultural heritage 

values of DPLH ID 10381 Vlaming Head prior to the submission of the application 

under section 18; 

4. A report of the consultation should be submitted in support of the application; 

5. One sensitive dune area within Lot 557 was identified. This landscape feature has 

high potential to reveal human remains and it is recommended that this area is 

avoided. 

6. The site identification level recording of DPLH ID 10381 Vlaming Head is sufficient for 

the submission of an HISF to DPLH. 

7. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, NWR must follow the DPLH procedures and stop work immediately, and 

the materials and the area around them must be left undisturbed. The Western 

Australian Police must be informed immediately as well as Gnulli traditional owners, 

through their representative, YMAC, as soon as practicable. 

8. It is recommended that NWR employees and contractors executing the proposed 

works be informed of the contents of this report and their obligations under the AHA. 

9. It is recommended that NWR maintain discussions with the Gnulli people, regarding 

any future matters that may arise in relation to the areas surveyed, including any further 

proposed excavation or ground disturbance activities or access to uncleared proximate 

areas. 
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DPLH site files 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 

used to search the DPLH’s Register of Aboriginal 

Sites which records the location and other information 

concerning registered Aboriginal sites and other 

heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 

holders. These representatives are selected by the 

native title group via the most up to date selection 

process endorsed by the relevant committee of the 

Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 

title group in conjunction with suitably qualified 

heritage professionals (e.g. archaeologists and / or 

anthropologists), for the purpose of identifying and 

recording heritage sites and areas within a defined 

project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 

a site’ OHPs lodged OHPS are sites that have been 

reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending 

assessment they are entered onto the temporary 

register. ‘Not a site’ OHPs are sites which have been 

submitted to the DPLH and assessed by the ACMC 

as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 
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Spatial data and GIS 
 

Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 
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+/- 5 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 
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Plate 1: Team photo L-R Robert Walgar, William Shea, Gavin Walgar, Gavin Parfitt, Jermaine Baron, 
Dalton Dickerson, Stephen Morgan. 
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 

and ethnographic work program clearance (WPC) survey completed on the Gnulli native title 

claim (WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

NWR requested an archaeological and ethnographic WPC heritage survey of their proposed 

section 91 water bores. The project area and the completion status at the end of the survey is 

summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 

descendants of Aboriginal people from the Cape Range area. These representatives were 

nominated by the native title group based on the most current selection processes endorsed 

by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size 
Completion 

Status 
Request 

Water Bores 
5.95 ha 

 

Partially 

complete 

Archaeological and anthropological work 

program clearance survey 

 

2.1 Summary of results 
 

 Water Bores and the associated access track as defined in the original request are 

partially clear for the stated works to proceed. The eastern end of the southern access 

track was truncated to end at Water Bore target number LH 001 at the request of the 

proponent and the northern end of the access track has been amended in order to 

avoid a heritage site. Map 3 depicts the cleared areas; 

 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 

 The Work Program Clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of a Heritage Information Submission Form 

(HISF) to DPLH. 

The results of the archaeological and anthropological heritage survey are presented in section 

7 and map 3. Detailed recommendations and heritage considerations are presented in section 

8.  



 

Page 4 of 28 

 

3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for 

new water bores and an associated access track to draw groundwater to supply the Ningaloo 

Lighthouse Holiday Park. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 

(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 

to request an archaeological and ethnographic WPC heritage survey over their proposed 

section 91 water bores project area. 

The archaeological and anthropological heritage survey was conducted within Temporary 

Reserve TR 70/2614. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 

areas. 
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Map 1: Section 91 water bores and access track 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 

proposed section 91 water bores. The spatial data was entered into the Department of 

Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage Enquiry System (AHIS) to identify 

any Registered Aboriginal sites, other heritage places (OHPs), prior surveys and associated 

reports relevant to the project area. Where applicable, unpublished heritage reports and 

relevant academic resources were also consulted. These site files and reports were requested 

from the DPLH and reviewed prior to mobilisation. The summaries of these reports are 

presented in section 6 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 

the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 

section 5 and section 39 of the AHA. These sites are added to the permanent register of 

Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending assessment they are entered onto the 

temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 

so disturbed that the heritage values are no longer present or places that have been 

assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified no Registered heritages sites or OHPs within the project area. 

There is one registered Aboriginal site within the vicinity of the water bores and associated 

access track (see map 2). Vlaming Head (DPLH ID 10381) is a place of sacred importance 

(Randolph et al 1986) that has a closed or obscured boundary on the DPLH public database 

because of cultural sensitivity. This site is linked to other sites of spiritual and ceremonial 

importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 

occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 

current survey area are a number of different site types. Shell middens have been located on 

the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 

paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 

Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 

such as that found near freshwater creeks and mangrove communities, which provide both 

aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 

eastern side of the peninsula but this may be the result of less systematic inspections on this 

side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 

Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 

Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 

by recreational use of the area (Morse 1984:1).  

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 

to the survey area and provides a deeper understanding of the cultural landscape. Prepared 
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by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 

“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 

neighbors of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 

an area roughly between Point Cloates and Quobba Point and inland to approximately Mia 

Mia. To their north were the Jinigudira and to the south the Maia. Probably during the latter 

portion of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 

pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 

elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 

like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 

them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 

Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 

kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 

Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 

local population in the 1800s or are considerably older, the sand dunes of the coast and 

Exmouth region have proved to be preferred burial places. The possibility of finding human 

remains in the vicinity of the project area would be reasonably high especially in the coastal 

dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 

history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 

that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded cultural heritage sites in the vicinity of Vlamingh Head. 

 



 

Page 9 of 28 

4.1 Summary of DPLH registered Aboriginal sites 
 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH records this cultural place where Aboriginal people have attributed significant 

meaning to the limestone ridge of Cape Range which ends at its northern most point with 

Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu after the 

name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. This 

sacred place is now a registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 

polygon, overlaps the Ningaloo Lighthouse Holiday Park but not the proposed bore field. 

However, the actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 

including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 

a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 

Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 

4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 

consultation for an application under Regulation 10 of the AHA and a work program clearance 

survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 

descendants of the original informants, reiterated the importance of the DPLH ID 10381 

Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 

compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 

ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 

the survey conducted closest to the current project areas. The survey only covered an area of 

300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 

centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 

that cultural material had been found in red dune deposits similar to that found in the project 

area, but that these were approximately 1.5 km to the north and closer to the resources of the 

coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 

with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 

concluded that the inland areas appeared to have been used for gathering plant foods and 

hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 

relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 

sites in the area. The report also provides recommendations for the management of the sites 
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in relation to tourists visiting the region. This consultation was not exhaustive by the standards 

of today and should be revisited before any of the recommendations are implemented. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 

Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 

Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 

and recorded as a result of the fieldwork. The report contains historical renderings of rafts 

used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 

of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 

Vlaming Head is described in the report and the relationship between the site and the cape 

ranges is explained. 
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5 Survey areas 
The project area is located 17 km northwest of Exmouth at Vlamingh Head. It includes water 

bore targets and an associated access track. If successful the groundwater will be used to 

provide water for the proposed holiday park. 

Spatial information reveals the cultural topography for the area is dominated by two landforms: 

sand ridges up to 12 metres high east of the limestone ridge called Cape Range. The general 

area also contains evidence of previous disturbance such as multiple access tracks, numerous 

bores, windmills and wells, small mines and sewerage treatment ponds for the holiday park. 

 

5.1 Section 91 Water Bores and Access Track 
The proposed bore field is approximately two km south of the existing holiday park and access 

is gained to the area via a surviving dirt track. It is intended that this track and the proposed 

tracks linking the individual bore targets will be upgraded prior to the drilling project. Although 

it appears that the drill targets on the east west lines are on previously existing tracks, these 

alignments are overgrown and poorly defined. The north south running track is in better 

condition and was easily navigated in 4WD vehicles. 

Seven drill targets and 2.77 km of vehicle track comprised the planned water bore survey. The 

proposed track upgrade corridor as defined is 20 m wide and is centred on the existing 

alignments. During the survey the eastern end of the southern access track was truncated to 

end at Water Bore target number LH 001 at the request of the proponent. Prior to the survey 

each bore target was given a 20 m radius to allow for clearing and the establishment of a drill 

pad but this radius was increased to 25 metres following a discussion on site regarding the 

drilling process.  

The proposed water bores are located on the Tulki limestone above an aquifer from which 

NWR intend to draw groundwater. This fresh groundwater is thickest or deepest towards the 

centre of the peninsula and in order to gain access to this level of water the bores are located 

inland. In these areas the surface of the landscape consists of red dunes and elevated 

sandplains. To the west are the limestone ranges and the nearest stretch of coastline is 

adjacent to the holiday park, 2.5 km to the north. The vegetation consists of spinifex (triodia 

sp), shrubs and small trees (Banksia sp). 
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Plate 2: Looking east along the southern water bore access track. 
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6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 

During the brief the heritage team discussed the scope of works, proposed use of the land, 

and the WPC heritage survey methodologies. The Gnulli representatives had the opportunity 

to discuss, contribute to, and comment upon the proposed survey methodology and gave their 

consent to the WPC methodology. Field briefings were completed every morning to ensure 

ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 

debrief meeting the team discussed the results of the survey, sought feedback, and collected 

recommendations and considerations for the sites and project area from the Gnulli. 

WORK PROGRAM CLEARANCE 

The archaeological and anthropological heritage survey within the water bore target areas 

and access track was undertaken to a work program clearance heritage standard. These 

types of survey usually occur in the very early stages of project planning and exploration. WPC 

surveys occur when the proponent has identified the preferred location of the work program, 

usually a drill program. When heritage places are identified they are given a boundary and 

delineated as not clear. The consultant will then endeavour to provide an appropriate deviation 

around the site to allow the work program to continue. 

The minimum recording standards for YMAC WPC surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 

 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner representatives. It is expected that this 

will be noted in the report where it occurs along with an explanation of why the 

increased spacing was deemed necessary, accompanying photographs of the terrain 

and the names of the Traditional Owner representatives that endorsed the change of 

methodology; 

 Recording of outer lines or central lines using tracks on hand held global positioning 

system (GPS) devices with a minimum accuracy of +/- 5 m; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 

heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 

 On WPC surveys a deviation may be required by the proponent, these should provide 

a sufficient buffer around any heritage places; 

 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 

visibility and potential visitation by non-authorised persons. In this instance, the wishes 

of the Traditional Owner representatives supersede this standard; 

 Recording of survey progress by archaeologist / anthropologist using a field notebook; 

and 

 An appropriate photographic record of the survey. 
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6.1 Archaeological survey 

Water bore target areas and access track 

All of the survey areas were subject to a pedestrian inspection using a hand held GPS unit 

(Garmin GPS Map Datum WGS84 Zone 50) to follow the spatial data provided by the 

proponent. The access track survey corridor is 20 m wide and the entirety of this corridor was 

walked by the archaeologist and between two and six Gnulli representatives. Because there 

is an existing track that will be upgraded, the survey team flanked this alignment.  

Each of the seven water bore target sites were inspected as part of the track survey. When 

the party reached a water bore pad the individuals spread out to cover the 50 m wide area. 

 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 

participated and observed the Gnulli participants walking transects and locating artefactual 

material. The anthropologist discussed and recorded ethnographic comment and observations 

in a field notebook at the respective project areas and potential impact of proposed DBCA 

works with the Gnulli participants. This information and data was later analysed and 

conclusions drawn to formulate appropriate recommendations for cultural heritage 

management. Maps of the survey area were made available to the Gnulli participants during 

the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 

survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 

60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 

NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 

consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 

representatives. After a discussion of the proposed developments the group decided that the 

heritage survey would commence with the visit to the proposed bore field area. The YMAC 

anthropologist participated in the archaeological survey walking over the bore field project 

area discussing cultural issues with the Gnulli participants. 

The survey team travelled in 4WD vehicles along existing tracks south of the holiday park to 

the location of proposed bore drill pad LH003 where the survey team inspected the access to 

LH001 approximately 700 metres east. There were no finds of artefactual material and no 

cultural issues were raised by the Gnulli participants. The survey team travelled north along 

the existing tracks to inspect the remaining four drill pads and access with similar findings 

except where artefactual material was found at Section 91 Water Bores Avoidance Area One. 
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Plate 3: Looking west at Section 91 Water Bores Avoidance Area One 

This cultural material will be avoided by deviating the access track to the east. There was 

general ethnographic comment made about the effect of drilling into the water below the 

surface and the potential impact on nearby water-sources traditionally used by Aboriginal 

people. Concerns were raised in May 2019 by YMAC that pumping of groundwater may 

adversely impact water holes 3km south-west of the borefield (ref. Technical Memorandum 

2019). The memo authors concluded that the pumping rates would be too low to affect water 

holes on the other side of the ridge. Further concerns were raised by the Gnulli participants 

about unauthorised camping and trespass which has left campsite fireplaces and rubbish in 

the area. 

The survey concluded with a discussion about the proposed development and its potential 

impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 

the Baiyungu have an obligation and a right under native title and heritage to be respected 

and recognized as the custodians of this place and story and wish to work together with 

proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 

and control unauthorised access that might damage the place and upset the ancestors. The 

Gnulli representatives commented that these same ancestors protected and cared for the 

survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 

community. 



 

Page 16 of 28 

 

7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey and consultation of the proposed section 91 water 

bores for NWR. The results are summarised in Table 2 and Map 3 below. The spatial data has been provided with the preliminary advice. A 

summary of the heritage place recorded to WPC standard is presented below.  

 

Table 2: Summary of results from GNU680-1 water bores and access track survey. 

Scope # 

/ Name 

Completion 

status 

Heritage places / 

areas 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Water 

Bores 
Partially complete One not clear area N/A N/A 

Section 91 Water Bores 

Avoidance Area One 
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Map 3: Water bore targets and access track surveyed areas. 
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7.1 Newly identified heritage sites 
 

One cultural heritage site was identified within the proposed section 91 water bores access 

alignment and was recorded to WPC level. An alternate alignment for the proposed water bore 

track was defined in order to avoid and protect the area of cultural material. The alternate route 

was placed to avoid both the site and a longitudinal sand dune to the east. It reconnects to the 

northern end of the proposed alignment within a disturbed quarry area. 

7.1.1 Section 91 Water Bores Avoidance Area One – artefact scatter 

This is a scatter of stone artefacts that was revealed in a section of the existing track. It is 

located at the northern end of the proposed alignment where the track skirts the eastern end 

of the ranges. North of this the track descends into the existing quarry area. 

Site boundary 

The site boundary was defined to encompass all visible artefacts within the track area and on 

the undisturbed sand plain above. A suitable buffer to account for GPS accuracy was included 

on the southern, northern and eastern sides. The western boundary of the site was not 

assessed during this survey and it is assumed that it extends into the limestone range and the 

drainage valley beyond the area currently defined for the scatter. This section of the border is 

depicted as a straight line and is not indicative of a proved boundary. As it is delineated the 

boundary will be sufficient as the current activity will be within the existing access track and to 

the east of the site. If any work is proposed to the west of the site the boundary will have to be 

revisited as it is possible that it extends westward into the ranges. 

Environmental context 

The cultural material is situated at the southern margin of the entrance to a drainage valley 

within the ranges. This is a well-defined drainage line that cuts through the ranges and empties 

onto the sandplain at this point. It is probable that the water descending through this valley 

runs onto the track and has created the washout where the cultural material was identified. In 

this section of the track the soil has washed away revealing limestone from the ranges 

beneath. 

The area immediately surrounding this section of the track appears to be better watered as 

there are more trees, including Eucalypt species, than on the surrounding sand plain. Spinifex 

dominates the vegetation on the plain between the ranges and the sand dune to the east. 

Description 

The scatter consists of quartzite and silcrete flakes and one rotated quartzite core. None of 

the flakes are primary flakes although most are broken, which may be due to damage from 

vehicles using the track. The highest density encountered during recording was three artefacts 

per square metre, although this was within the track and it is possible that the concentration 

was due to damage from vehicles and water scouring. One transversally broken flake was 

found on the plain above the track but it is possible that there are more present that are 

obscured by vegetation. 

These are the remains of an occupation site located near the resources of both the ranges 

and the plain and the water that drains seasonally through the valley. Freshwater would have 
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drained past the site during the wet season and game and plant resources (see Przywolnik 

1998:9) would have been available in both the ranges above and on the plain to the east.  

On the western coastal side of the ranges, larger sites are typically found in areas adjacent to 

freshwater creeks and the resources of the mangrove communities (Murphy et al 1995:9). On 

the eastern side of the ranges fewer sites have been recorded and this could be due to less 

resources available on the plain but may also be the result of less surveys conducted in this 

area (Morse et al 1990:2). Certainly during this survey no cultural material was encountered 

on the plains and dunes to the east of the ranges. 

Site condition 

The site is bisected by an existing track, which has cut into the sand plain and attracted water 

erosion from seasonal rainfall draining from the ranges. This disturbance has had an impact 

on a section of the site, but not all of it, and has served to reveal or deposit some artefacts 

that might have been obscured by sediment. The track is in current use for access to the bore 

field and other areas to the south.  

As a result of this recording, NWR plan to move the alignment of the track to the east to avoid 

the site. If this occurs and the new alignment becomes the preferred track then the sand plain 

and vegetation should reclaim the area of the site that is within the track. To this end it would 

be preferable that access to this section of the track is blocked with windrows or similar, and 

only the new track be used. The area of the track within the site should not be subject to 

rehabilitation efforts as this will cause more disturbance. 

Importance and significance 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2b) 

of the AHA. The Gnulli representatives present during the recording of the site were adamant 

that the site be protected as evidence of the activities of their ancestors. Gavin Parfitt and 

William Shea were walking the transect that intersected with the site and identified the first 

artefacts. These were thought to be isolated but it transpired that the artefacts are part of a 

larger scatter. Gavin was concerned that measures are implemented for the protection of the 

site and Dalton Dickerson expressed concern that potential sub surface deposits surrounding 

the track be preserved. 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2c). 

Artefact scatters are a relatively common site type within the Exmouth region. Of the 

Registered sites identified within the Shire of Exmouth 20% are artefact scatters and a further 

59% of the recorded sites have an artefact scatter component. The majority of these sites, 

however, have been recorded within the ranges or on the west side of the peninsula adjacent 

to the resources of the coast (Morse et al 1984:8; Murphy et al 1995:9; Morse et al 1990:2). 

The presence of a habitation site within an area that is not in proximity to the coast and is not 

within the ranges, has the potential to answer questions about the past use of the plain within 

the cape area (Przywolnik 1998:9). 
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Plate 4: Looking north toward Section 91 Water Bores Avoidance Area One. 

 

Plate 5: Looking south over the track through Section 91 Water Bores Avoidance Area One. A 
limestone base is visible in the lower surface of the track. 



 

Page 21 of 28 

 

Plate 6: Section 91 Water Bores Avoidance Area One artefact one 

 

Plate 7: Section 91 Water Bores Avoidance Area One artefact two 
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Plate 8: Section 91 Water Bores Avoidance Area One artefact three 

 

 

7.2 Reassessed heritage sites 
One previously recorded heritage site was the subject of the ethnographic consultation. ID 

10381 Vlaming Head is not within the Section 91 area but those consulted were concerned 

about indirect disturbance to the site from the water bores. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 

Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 

the ranges reaches the ocean. Access to power is gained at this location to protect the cape 

region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 

the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 

Head, fears are held by the representatives for the safety of the area and their people if the 

importance of the site is not observed. As the groundwater is important in the sacred 

narratives, the Gnulli representatives raised concerns regarding the drawing of water from 

bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 

Aboriginal traditional law to be respected and recognized as the custodians of this place and 

mythological story and wish to work together with visitors to protect and care for this place, 
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raise awareness of Inagudura culture and control unauthorised access that might damage the 

place and upset the ancestors.  

7.3 Summary of Surveys 
 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 Given the importance of the groundwater in the sacred narratives of the region, the 

Gnulli representatives raised concerns regarding the drawing of water from bores on 

the Cape; 

 Gnulli representatives requested that the proponent meet with elders and senior 

members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 

who were unable to attend the heritage survey to discuss mitigative strategies and the 

ongoing relationship with the relevant native title holders. 
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8 Recommendations and considerations 
An archaeological and ethnographic WPC heritage survey of the proposed section 91 water 

bores for NWR is now complete. The proposed works are partially cleared to proceed subject 

to the following recommendations: 

1. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 

the water bore access track survey area and a deviation to avoid the site was 

identified and inspected for cultural material; 

2. The work program clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of an HISF to DPLH. 

3. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, NWR must follow the DPLH procedures and stop work immediately, and 

the materials and the area around them must be left undisturbed. The Western 

Australian Police must be informed immediately as well as Gnulli traditional owners, 

through their representative, YMAC, as soon as practicable. 

4. It is recommended that NWR employees and contractors executing the proposed 

works be informed of the contents of this report and their obligations under the AHA. 

5. It is recommended that NWR maintain discussions with the Gnulli people, regarding 

any future matters that may arise in relation to the areas surveyed, including any further 

proposed excavation or ground disturbance activities or access to uncleared proximate 

areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 

on the Cape and would prefer that NWR implements a desalination process for their 

water use at the site. 



 

Page 25 of 28 

9 Bibliography 
Aboriginal Heritage Act 1972 (WA) 

Aboriginal and Torres Strait Islander Heritage Protection Act 1984 (Cth.) 

Anderson, K. and N. Smith 2019 Final report regarding the archaeological and ethnographic, 

Regulation 10 consultation of Wealjugoo Midden (DPLH site # 7206) and the Regulation 10 

consultation and work program clearance survey of the Vlaming Head ethnographic site 

(DPLH site # 10381) undertaken by the Gnulli representatives and Yamatji Marlpa Aboriginal 

Corporation for the University of Western Australia.  

Forsey, C. and Morgan, S. 2019 Final Report regarding the archaeological and ethnographic 

site avoidance heritage survey of Department of Biodiversity, Conservation and Attractions’ 

Ningaloo Coast project areas undertaken by Gnulli representatives and Yamatji Marlpa 

Aboriginal Corporation. 

Morse, K. and S. Kee 1984 Preliminary report of a survey for Aboriginal archaeological sites 

in the Cape Range National Park, North West Cape, Western Australia. Prepared for the 

National Parks Authority of Western Australia. DPLH Report ID 102497. 

Morse, K. and G. Wright 1990 Report of an archaeological and ethnographic survey of a 

proposed sand pit, Exmouth, North Western Australia. Prepared by the Centre for Prehistory, 

UWA, for the Exmouth Shire Council. DPLH Report ID 102494. 

Morse, K. 1993 Who can see the sea? Prehistoric Aboriginal occupation of the Cape Range 

peninsula. In W.F. Humphreys (ed) The Biogeography of Cape Range, Western Australia, pp. 

227-42. Records of the Western Australian Museum No 45. 

Murphy, A., D. Lantzke and M. Hammond 1995 Report of an Aboriginal heritage survey 

proposed limestone quarry; transport corridor and laydown facility, Exmouth Western 

Australia. Prepared by McDonald, Hales and Associates for Halpern Glick Maunsell Pty Ltd 

and Whitecrest Pty Ltd. DPLH Report ID 102402. 

Przywolnik, K. 1998 Lighthouse Caravan Park sewerage evaporation ponds, Cape Range 

Peninsula report of survey for archaeological sites. Prepared by the Centre for Archaeology 

for the Lighthouse Caravan Park. DPLH Report ID 101900. 

Randolph, P. & J. Wallam 1986 North West Cape investigation of selected Aboriginal sites 

(Bunbury Cave – P0267, another cave containing rock art – P0751 and the midden at Mesa 

Camp – P5792), including recommendations for management and tourist visitation. Prepared 

by the WA Museum for the Department of Conservation and Land Management. DPLH Report 

ID 17613. 

Tindale, N. 1974 Aboriginal tribes of Australia: their terrain, environmental controls, 

distribution, limits, and proper names. 

Turner, J. 1985 Report on preliminary ethnographic investigations for the area encompassed 

by the proposed Ningaloo Marine Park. Prepared by the WA Museum for the Aboriginal people 

of Carnarvon and Onslow. DPLH Report ID 102133. 



 

Page 26 of 28 

DPLH site files 
 

DPLH SITE ID 10381 Vlaming Head 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 

used to search the DPLH’s Register of Aboriginal 

Sites which records the location and other information 

concerning registered Aboriginal sites and other 

heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 

holders. These representatives are selected by the 

native title group via the most up to date selection 

process endorsed by the relevant committee of the 

Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 

title group in conjunction with suitably qualified 

heritage professionals (e.g. archaeologists and / or 

anthropologists), for the purpose of identifying and 

recording heritage sites and areas within a defined 

project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 

a site’ OHPs lodged OHPS are sites that have been 

reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending 

assessment they are entered onto the temporary 

register. ‘Not a site’ OHPs are sites which have been 

submitted to the DPLH and assessed by the ACMC 

as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 
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Page 3 of 9 

2 Executive summary 
 

This document provides Northwest Resorts with preliminary advice concerning the 

archaeological and ethnographic work program clearance (WPC) and site identification (SID) 

surveys completed on the Gnulli native title claim (WC1997/028) between 11 December and 

12 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

Northwest Resorts requested an archaeological and ethnographic WPC heritage survey of 

their proposed section 91 water bores and a SID heritage survey and consultation at the 

proposed Lighthouse Caravan Park expansion area. These project areas and their completion 

status at the end of the survey are summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives. These 

representatives were nominated by the native title group based on the most current selection 

processes endorsed by the appropriate native title group committee.  

 

Table 1: Areas completed during the current survey 

Name / ID Size 
Completion 

Status 
Request 

Lot 557  33.09 ha Complete 

Archaeological and 

anthropological site identification 

survey 

Lot 2 16.02 ha Complete 

Archaeological and 

anthropological site identification 

survey 

Water Bores 
5.95 ha 

 
Partially complete 

Archaeological and 

anthropological work program 

clearance survey 

 

2.1 Summary of results 

 Confidential desktop research revealed the restricted site boundary of the Department 

of Planning, Lands and Heritage (DPLH) registered mythological and ceremonial site 

ID 10381 Vlaming Head overlaps the western third of Lot 2 but not Lot 557 or the 

proposed borefield in UCL west; 

 Lot 557 is partially clear for the stated works to proceed; 

 Lot 2 is not clear for the stated works to proceed as it is within Registered heritage 

site DPLH ID 10381 Vlaming Head; 

 Water Bores and the associated access track are partially clear for the stated 

works to proceed. The eastern end of the access track was truncated to end at Water 
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Bore target number LH 001 at the request of the proponent and the northern end of 

the access track has been amended in order to avoid a heritage site; 

 One heritage place (Section 91 Water Bores Avoidance Area One) and one sensitive 

area (Sensitive Dune Area) were identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 The site avoidance level recording of Section 91 Water Bores Avoidance Area One is 

insufficient for the submission of a Heritage Information Submission Form (HISF) to 

DPLH; 

 The site identification level recording of ID 10381 Vlaming Head is sufficient for the 

submission of an HISF to DPLH; and 

 A landscape feature with a high potential to reveal human remains was identified 

(Sensitive dune area) and it is recommended that this area is avoided.



 

Page 5 of 12 
  

3 Results 
 

This section details the preliminary results of the archaeological and ethnographic WPC and SID heritage survey undertaken by Northwest 

Resorts, Gnulli representatives and YMAC between 11 and 12 December 2019.  

These results are summarised in table 2 below and the spatial data has been supplied along with this preliminary advice. Please refer to maps 1 

and 2 below for a visual representation of the heritage survey results. 

 

Table 2: Summary of survey results. 

Scope # 

/ Name 

Completion 

status 

Not clear area / 

Aboriginal heritage 

sites 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Lot 557  Complete One not clear area N/A N/A Sensitive Dune Area 

Lot 2 Complete 
One Registered 

Aboriginal heritage site 

ID 10381 Vlaming 

Head 
N/A N/A 

Water 

Bores 
Partially complete One not clear area N/A N/A 

Section 91 Water Bores 

Avoidance Area One 
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Map 1: Lot 2 and Lot 557 survey results 
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Map 2: Water bore targets and access track surveyed areas 
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4 Recommendations and considerations 
 

The scoped archaeological and ethnographic WPC and SID survey of the proposed water 

bores and Lighthouse Caravan Park expansion is now complete. The proposed works are 

cleared to proceed subject to the following recommendations: 

1. Lot 2 is not clear for the stated works to proceed as it is within Registered heritage 

site ID 10381 Vlaming Head; 

2. In order to conduct the proposed works within Lot 2 an application to use the land 

containing the site under section 18 of the Aboriginal Heritage Act 1972 (AHA) will be 

required; 

3. It is recommended that consultation is conducted with Baiyungu Elders who have rights 

and interests in the Vlaming Head area to discuss mitigative strategies that lessen any 

potential impact of the proposed development on the cultural heritage values of DPLH 

ID 10381 Vlaming Head prior to the submission of the application under section 18; 

4. A report of the consultation should be submitted in support of the application; 

5. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 

the water bore access track survey area and a deviation to avoid the site was 

identified and inspected for cultural material; 

6. One sensitive dune area within Lot 557 was identified. This landscape feature has a 

high potential to reveal human remains and it is recommended that this area is 

avoided. 

7. The site avoidance level recording of Section 91 Water Bores Avoidance Area One is 

insufficient for the submission of an HISF to DPLH. 

8. The site identification level recording of DPLH ID 10381 Vlaming Head is sufficient for 

the submission of an HISF to DPLH. 

9. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, Northwest Resorts must follow the DPLH procedures and stop work 

immediately, and the materials and the area around them must be left undisturbed. 

The Western Australian Police must be informed immediately as well as Gnulli 

traditional owners, through their representative, YMAC, as soon as practicable. 

10. It is recommended that Northwest Resorts employees and contractors executing the 

proposed works be informed of the contents of this report and their obligations under 

the AHA. 

11. It is recommended that Northwest Resorts maintain discussions with the Gnulli 

people, regarding any future matters that may arise in relation to the areas surveyed, 

including any further proposed excavation or ground disturbance activities or access 

to uncleared proximate areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 

on the Cape and would prefer that Northwest Resorts implements a desalination 

process for their water use at the site. 
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1 Project Overview 

 

Northwest Resorts (the proponent) intend to facilitate a planned redevelopment of the existing Ningaloo 
Lighthouse Holiday Park located within Lots 2 and 557 Yardie Creek Road near Exmouth, WA. The 
redevelopment will include demolition of most of the existing holiday park facilities and then development 
of a mix of hotel rooms, villas, cabins, camping grounds and caravan facilities in a resort style setting, with 
associated functions spaces and boat wash down areas. A dedicated site for group camping activities is also 
planned, along with a future Stage 2 development that would include additional short stay/tourist 
accommodation. 

1.1 Project Area  

The project area comprises Lots 2 and 557 Yardie Creek Road, North West Cape, and is located within the 
Shire of Exmouth. The combined site comprises 45.346 hectares of land with direct road frontage to Yardie 
Creek Road.  

Lot 2 contains the existing Ningaloo Lighthouse Holiday Park, which comprises a mix of camping and 
caravan park areas, cabin-based guest accommodation, and associated facilities and amenities, whilst Lot 
557 is vacant, with the exception of an unsealed vehicle track. 

1.2 Background 

Consultation and a heritage survey were undertaken in 2019 with the Gnulli (Baiyungu) Native Title 
Holders. During the heritage survey, one registered Aboriginal site DPLH 10381 Vlaming Head and one 
sensitive sand dune area were identified within the project area. Section 18 consent was applied for by 
NWR in July 2020. 

As of October 2020, the project is subject to a Section 18 consent approval: 

 Reference 69-21438 dated 22 September 2020 

The area applicable to Section 18 consent is shown in the Figure 3. 

The Section 18 consent was issued with conditions, and there is a statutory requirement for NWR to 
adhere to and implement these conditions under the Aboriginal Heritage Act 1972. The Section 18 
approval is provided in Appendix 1.  

1.3 Purpose 

The purpose of this Cultural Heritage Management Plan (CHMP) is to provide a framework for the 
management of any Aboriginal heritage sites and values located within the project area. Whilst a CHMP is 
not required as a condition of the Section 18 consent, the NWR have prepared this CHMP based on the 
recommendations of the heritage survey report (YMAC 2019) and in accordance with a best-practice 
approach.  

In addition, this CHMP has been prepared to ensure the project is undertaken in a manner that complies 
with statutory obligations related to Aboriginal heritage management in accordance with the Aboriginal 
Heritage Act 1972. 
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Figure 1: Northwest Resorts Overview with DPLH Layer 
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2 Aboriginal Heritage Act 1972 

The Aboriginal Heritage Act 1972 (AHA) is “an Act to make 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 AHA applies to both places and objects, as defined in Section 5 and 6 of the Act, as outlined 
below. 

Section 5. Application to places 

This Act applies to — 

(a) 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 or adapted for use for, 
any purpose connected with the traditional cultural life of the Aboriginal people, past or 
present; 

(b) 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 Committee, 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 which this Act applies are traditionally stored, or to which, 
under the provisions of this Act, such objects have been taken or removed.  

Section 6. Application to objects 

(1) Subject to subsection (2a), this Act applies to all objects, whether natural or artificial and 
irrespective of where found or situated in the State, which are or have been of sacred, ritual or 
ceremonial significance to persons of Aboriginal descent, or which are or were used for, or 

made or adapted for use for, any purpose connected with the traditional cultural life of the 
Aboriginal people past or present. 

(2) Subject to subsection (2a), this Act applies to objects so nearly resembling an object of 
sacred significance to persons of Aboriginal descent as to be likely to deceive or be capable of 
being mistaken for such an object. 

(2a) This Act does not apply to a collection, held by the Museum under section 9 of the 
Museum Act 1969, which is under the management and control of the Trustees under that Act. 

(3) The provisions of Part VI do not apply to an object made for the purpose of sale and which 
— 

(a) is not an object that is or has been of sacred significance to persons of Aboriginal descent, 
or an object so nearly resembling such an object as to be likely to deceive or be capable of 
being mistaken for the same; or 

(b) is an object of the kind referred to in paragraph (a) that is disposed of or dealt with by or 
with the consent of the Minister. 
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The AHA also outlines the requirements relating to reporting of any identified potential heritage 
values or sites, as outlined below. 

Section 15. Report of findings  

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 engravings, stone structures or arranged stones, carved trees, or of any other place or thing 
to which this Act applies or to which this Act might reasonably be suspected to apply shall 

report its existence to the Registrar, 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 Registrar. 

The AH Act also identifies what constitutes an offence relating to Aboriginal sites, as defined in 
Section 17 of the Act, as outlined below. 

Section 17. Offences relating to Aboriginal sites 

A person who — 

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

(b) 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 
object on or under an Aboriginal site /  

commits an offence unless he is acting with the authorisation of the Registrar under section 16 
or the consent of the Minister under section 18. 

Section 18 of the AHA outlines the how consent can be provided by the Minister to the owner of a 

land (or a party acting on their behalf) to undertake specific uses on land that may impact upon 
Aboriginal heritage values. As discussed in Section 1.1, Section 18 consent applies to the project (See 
Appendix 1). 
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3 Terminology and Abbreviations 

 

Table 1 lists the terminology and abbreviations used in this Cultural Heritage Management Plan 
(CHMP): 

Table 1: Terminology and Abbreviations 

Terminology or 
Abbreviation 

Definition 

CHMP Cultural Heritage Management Plan (the Plan, this Plan) 

ACMC Aboriginal Cultural Materials Committee 

AHA Aboriginal Heritage Act 1972 (WA) (the Act) 

Contractor Contractor, Sub-Contractor, supplier, site supplier, vendor, seller 

DPLH The Department of Planning, Lands and Heritage  

Heritage Site an area identified to have cultural importance and significance to 
Aboriginal people 

NWR Northwest Resorts Pty Ltd 

Project Area The area within which the Project will be undertaken, as shown on Figure 1  

Project the planning, construction, operation and commissioning of the 
redevelopment project 

Project Personnel Staff, Contractors, Subcontractors, vendors, suppliers, and visitors to the 
project 

Registrar the person appointed under the Aboriginal Heritage Act 1972 to administer 
the day to day operations of the ACMC along with perform other functions 
as allocated under the AHA 

Section 18 Consent  the consent given by the Minister for Aboriginal Affairs to the owner of any 
land to use the land subject of a heritage site for a specific purpose 

Site Supervisor the person having responsibility for the supervision of on-ground activities 
from time to time (or their nominee) 

http://www.daa.wa.gov.au/en/About-DAA/Boards-And-Committees/ACMC/ACMC-members/
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4 Aboriginal Stakeholder Engagement  

 

4.1 Aboriginal Stakeholder Group  

The Ningaloo Lighthouse Holiday Park redevelopment project affects land in which the following 
Aboriginal People have asserted Aboriginal heritage knowledge: 

 Nganhurra Thanardi Garrbu Aboriginal Corporation   

The key Aboriginal stakeholder group and recognised Native Title Holders (2019) for the North West 
Cape area: 

 Baiyungu Native Title Holders  

The North West Cape (Vlamingh Head) includes areas of world-renowned heritage significance. 
Whilst the project area falls within a majority previously disturbed land area, the surrounding area is 
a highly sensitive and culturally rich area. Engagement with the Aboriginal Stakeholders was 
undertaken throughout 2019.   

4.2 Native Title and Cultural Heritage 

Native Title has been extinguished for Lots 2 and 557 Yardie Creek Road as the land tenure is 
freehold. 

From a cultural heritage perspective, NWR is committed to ensure the following is upheld when 
developing the project area:   

 Open and flexible communication with the Aboriginal Stakeholder group; 

 Consult with the Aboriginal Stakeholder group in relation to the management of identified 
Aboriginal heritage sites and places; and 

 Fulfil its statutory obligations under the Aboriginal Heritage Act 1972. 
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5 Purpose of CHMP 

 

The purpose of this Cultural Heritage Management Plan is to provide a document that outlines 
appropriate procedures to minimise the potential for any disturbance to existing and potentially 
unidentified Aboriginal (archaeological and ethnographic) sites during all phases of demolition and 
construction of the redevelopment of the Ningaloo Lighthouse Holiday Park.   

This CHMP sets out the steps to be followed by NWR, its contractors and all employees to identify 
and manage Aboriginal heritage values that may be affected by the project in a manner that complies 
with relevant Legislation and the commitments made to Aboriginal Stakeholders.  

This CHMP has been developed based on the findings of a 2019 Aboriginal heritage survey and the 
associated consultation undertaken with the Aboriginal stakeholders. 

Table 2 sets out the objectives, performance indicators and targets for management of Aboriginal 
Heritage values associated with the project.  
 

Table 2: Objective and Management Targets 

Aboriginal Sites Objectives Performance Indictors / Targets 

Recorded Aboriginal site 
To minimise disturbance to 10381 
Vlaming Head site.  

Restricting disturbance to only the 
land approved under Section 18 
consent. 

Unrecorded Aboriginal 
sites (in unlikely event 
they are discovered) 

To manage new sites/cultural material 
uncovered or identified during 
construction of the Project in accordance 
with the Aboriginal Heritage Act 1972 

All sites managed in accordance 
with the Aboriginal Heritage Act 
1972 
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6 Summary of Consultation and Fieldwork 

 

NWR engaged with the Yamatji Marlpa Aboriginal Corporation to facilitate an Aboriginal heritage 
survey over the project area with the Gnulli People. This included archival research, archaeological 
and ethnographic field assessments and consultation with the Aboriginal Stakeholders. Refer to Table 
3 for full list of the significant consultations held to date.  

6.1 Archival Research 

A review of the Department of Planning, Lands and Heritage (DPLH) Aboriginal Heritage Inquiry 
System identified 1 registered site DPLH 10381 Vlaming Head and no Other Heritage Places 
overlapping the project area. Refer to report at Appendix 2 for more information.  
 

6.2 Aboriginal Heritage Survey  

The Gnulli People were engaged through their representative agency the Yamatji Marlpa Aboriginal 
Corporation. An Aboriginal heritage survey with nominated Gnulli representatives was undertaken in 
December 2019.  
 
The survey methodology was Site Identification to allow for any Section 18 requirements. 
 
The project area has in parts been extensively disturbed by historic activities associated with the 
existing holiday park.  
 

Table 3: Aboriginal Stakeholder Engagement 

Date Group Consultation Details 

10 April 2019 Gnulli NTC  Working Party project presentation 

21 May 2019 Gnulli NTC Working Party project presentation 

17 October 
2019 

Gnulli NTC Signed heritage agreement 

12 December 
2019 

Gnulli NTC Site Identification Aboriginal heritage survey 

5 June 2020 Baiyungu Elders Section 18 notice consultation meeting (teleconference) 

Please note: consultation will be ongoing as the project evolves, and additional events will be added to Table 3 
as they occur. 
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7 Heritage Survey Outcomes 

7.1 Summary of Heritage Site 

During the heritage survey, one registered Aboriginal site DPLH 10381 Vlaming Head and one 
sensitive sand dune area were identified within the project area, refer Table 4. Also see Figure 2 
which shows the survey results and their physical location as identified during the December 2019 
heritage survey.  
 
The heritage survey did not identify any new Aboriginal (archaeological or ethnographic) heritage 
sites.  
 

Table 4: Summary of Heritage Finds 

Identifier Site Type Status Extent of proposed impact Site Management Strategy 

 

10381 

Vlaming Head 

 

 

Ceremonial  Registered 

 

Partial Impact 

 

1. Section 18 Consent required 
for impacts to 10381 
Vlaming Head. 

2. Contain disturbance within 
10381 Vlaming Head to area 
of previous disturbance.  

3. Demarcate the approved 
Section 18 area within the 
10381 Vlaming Head site 
with temporary fencing to 
restrict access and 
inadvertent impacts.  

 

 

Sensitive Dune 
Area 

Landscape 
Feature 

N/A None – to be avoided 

 

DPLH 10381 Vlaming Head 

The site file records this cultural place where Aboriginal people have attributed significant meaning to 
the limestone ridge of Cape Range which ends at its northern most point with Vlaming Head as it is 
known now. Aboriginal people called this place Padjari Manu after the name for the hill kangaroo 
Padjaru that inhabit its caves, rockshelters and waterholes. This sacred place contains mythological, 
ceremonial and ritual elements of Aboriginal culture and is registered site under Section 5(b) of the 
Aboriginal Heritage Act.  
 
The DPLH site boundary, which appears on the public database as a two kilometre square polygon, 
overlaps the project area at the Ningaloo Lighthouse Holiday Park. However the actual boundary is 
masked as the site is culturally sensitive.  
 
Sensitive Dune Area 

This is a sand dune and is partially within Lot 557. This is a north south trending longitudinal dune 
that extends for approximately two kilometres and ends just south of the fore dunes on the tip of 
Vlamingh Head. It is composed of red sand and is covered with grasses and spinifex. It is the 
westernmost of the longitudinal dunes on the plain and is flanked by the ranges on the immediate 
west. As such it would have been the closest such landform to both the coastal area of Vlamingh 
Head and the resources of the ranges.  
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Given the auspicious location of the dune crest in proximity to the ranges and the coastal fore dunes 
of Vlamingh Head it is possible that this land form was a focal point for human activity in the past and 
possible burials. This natural feature has potential for sub-surface cultural material. 
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Figure 2: Aboriginal Heritage Survey Results 
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Figure 3: Section 18 Consent Area 
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8 Key Construction Hazards and Proposed Mitigation 

 

Construction will involve a variety of ground disturbing activities and other general access 
requirements, which will change from time to time as the construction programme evolves. Table 5 
lists the generic key hazards expected during construction, and the mitigating strategies to be put in 
place. Project personnel will be required to abide by all mitigation strategies, to ensure these key 
hazards are managed appropriately and to avoid any potential impacts.  

 

Table 5: Key Hazards to Aboriginal Heritage during Construction 

KEY HAZARDS MITIGATION STRATERGIES  

Vehicle / machinery 
activity 

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Vehicle and machinery movements limited to areas that have been 
subject to heritage clearance or previous disturbance. 

 Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

Vegetation clearing  Vegetation clearing limited to areas that have heritage clearance.  

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

Earthworks  Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Earthworks limited to areas that have been subject to heritage 
clearance.  

 Demarcation of heritage places and sites as required to avoid indirect 
disturbance. 

Maintenance and 
construction activities  

 Ensure contractors are provided with and abide by all approval 
documentation and management plans. 

 Construction activities limited to areas that have been subject to 
heritage clearance.  

 Demarcation of heritage places and sites as required to avoid indirect 
disturbance. 

Direct human contact  Demarcation of heritage places and sites as required, to avoid indirect 
disturbance.  

 All project personnel and contractors to attend compulsory inductions 
prior to commencing site work and will undergo training in relation to 
cultural heritage obligations under this Plan. 
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9 Aboriginal Heritage Procedures / Control Methods 

 

The main consideration for the development of the site is the requirement to consider cultural 
heritage during construction and ground disturbance. As such, all construction personnel will be 

informed of cultural heritage management requirement as part of their site induction process. This 
will focus on the importance of cultural heritage in the area plus procedures for the discovery of 
cultural material through the construction process. 

  

9.1 Inductions and Cultural Heritage Awareness Training 

Before commencing work on the project all project personnel must attend a mandatory project 
induction.  

The Aboriginal heritage component of the project induction will ensure participants are made aware 
of: 

 Their obligations and the protected nature of all Aboriginal sites, recorded and unrecorded, 
under the AHA; 

 The procedures and protocols established in this document to avoid disturbance to sites; 

 The possibility of encountering new sites and what may constitute a site/cultural material; 

 The significance of Aboriginal Sites within and/or in close proximity to all areas associated 
with the Project; and 

 The penalties of disturbance to Aboriginal sites.  

 

9.2 Demarcation of Aboriginal Heritage Site 

The outer perimeter of the heritage site and sensitive dune area will be physically demarcated in the 
field to avoid any indirect disturbance. 

The demarcation will be installed using temporary fencing prior to any activities being undertaken. If 
required signage will also be installed.  
 

9.3 Stop Work - Aboriginal Heritage Incidents  

It is a breach of section 17 of the AHA to disturb or damage an Aboriginal site without prior section 18 
Ministerial approval. No ground disturbing work in an Aboriginal heritage site should be conducted 
without first having Ministerial consent in the form of section 18 consent.  

In the event that inadvertent damage occurs to the Aboriginal heritage site 10381 Vlaming Head 
within the project area, the damaging activity will cease immediately, and the following procedures 
will be followed: 

 Work will cease, and the Site Supervisor will be contacted, and the area will be cordoned off; 

 The Site Supervisor will contact the Heritage Advisor to assess the situation to determine the 
extent of impact and noncompliance; 

 Pending assessment, the Heritage Advisor will contact the DPLH, the relevant Aboriginal 
Stakeholders immediately; 

 The Site supervisor and the Heritage Advisor will investigate the cause of the disturbance; 

 The incident will be dealt with and reported on accordingly; 
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 The Heritage Advisor, along with the Site Supervisor, will implement any recommendations or 
procedures as directed by the DPLH and the Aboriginal Stakeholders. 

No work is to be conducted in the damaged area until the issue is resolved, and new procedures are 
in place. 
 

9.4 Stop Work – Identification of Aboriginal Sites 

Whilst every effort has been made to identify all Aboriginal heritage sites, there may be Aboriginal 
heritage sites within the project area that have not been discovered. If cultural material is uncovered 
or identified, the procedure detailed above must be followed along with the following 
considerations: 

 The Site Supervisor will contact a qualified Cultural Heritage Specialist to determine whether the 
material constitutes a site as specified under section 5 of the AHA; 

 If the material is determined to constitute a site, the Cultural Heritage Specialist will conduct the 
necessary site recording and the area will be avoided and demarcated;  

 If the material is deemed not to constitute a site under the AHA, management strategies and next 
steps will be developed in consultation with the Cultural Heritage Specialist and site supervisor;  

 

9.5 Stop Work – Discovery of Skeletal Remains  

If human remains are uncovered at any stage during the development the incident reporting 
procedure detailed above must be followed along with the following considerations: 

 The Site Supervisor will contact the Western Australian Police Department. 

 The Site Supervisor will contact the Cultural Heritage Specialist who will contact the DPLH and the 
Aboriginal Stakeholders. The Aboriginal Stakeholders and the Cultural Heritage Specialist will be 
allowed on site with the WA Police for consultation purposes. 

 If the remains are decided to be historical Aboriginal, then determination of the procedure will be 
directed by DPLH and the Aboriginal Stakeholders.  

 If the remains are not historical Aboriginal, then direction from WA Police will be sought. 

 No personnel are allowed to disturb, touch or alter in any way the human remains unless they 
have been authorised by WA Police or the DPLH. 

 
9.6 Enforcement 

To ensure that the CHMP is enforced, the following measures will be implemented: 

 All personnel working within the site will undertake Aboriginal Heritage Inductions prior to 

commencing the project works  

 Ongoing reminders to be incorporated into weekly meeting procedures (such as ‘start-up 
meetings’). 

 Implementation of management framework for cultural finds and skeletal remains as per Section 
9.  

 Heritage management processes and site protection measures to be assessed and verified on a 

regular basis (if any heritage sites are found). 

 The site supervisor will be responsible for enforcement of the CHMP. 
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10 Records 

 

It is important that accurate written records are maintained with regard to consultation, heritage 
surveys and any heritage breach or incidents as noted above:  

 The YMAC heritage survey report will be maintained and appended to this CHMP as Appendix 
2.  
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11 References 
 

11.1 General References 

The references listed below have been considered as part of preparing this document.  

Department of Aboriginal Affairs (DAA) 2103, Aboriginal Heritage Due Diligence Guidelines (Version 
3.0), Department of Aboriginal Affairs, Perth. 
 
YMAC 2019. Final report regarding the archaeological and ethnographic site identification heritage 
survey of the proposed Ningaloo Lighthouse Holiday Park expansion undertaken by the Gnulli 
representatives and Yamatji Marlpa Aboriginal Corporation for Northwest Resorts. 

 
11.2  Online References 

Department of Planning, Lands and Heritage (DPLH) 2017, Aboriginal Heritage Enquiry System, 
viewed August 2017, < https://maps.daa.wa.gov.au/AHIS/>.  
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Appendix 1 – Section 18 Consent letter 
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Appendix 2 - YMAC Aboriginal Heritage Survey Report December 2019 
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Copyright 
 

This report and the information contained herein is subject to copyright. No portion of this 

document may be reproduced or copied in any form without the written consent of the joint 

copyright holders, being the Gnulli people and their representative Yamatji Marlpa Aboriginal 

Corporation. 

Ownership of the intellectual property rights of the information provided by the Gnulli Native 

Title Claim Group native title representatives remains the property of those named 

representatives. 

© YMAC 2019 

 

Spatial data and GIS 
 

Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 

Positioning System device. The manufacturer states that these devices are accurate to within 

+/- 5 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 

[Zone 50].   
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 

and ethnographic site identification (SID) survey completed on the Gnulli native title claim 

(WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

NWR requested an archaeological and ethnographic SID heritage survey at the proposed 

Ningaloo Lighthouse Holiday Park expansion area. These project areas and their completion 

status at the end of the survey are summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 

descendants of Aboriginal people from the Cape Range area. These representatives were 

nominated by the native title group based on the most current selection processes endorsed 

by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size 
Completion 

Status 
Request 

Lot 557  33.09 ha Complete 
Archaeological and anthropological site 

identification survey  

Lot 2 16.02 ha Complete 
Archaeological and anthropological site 

identification survey  

 

2.1 Summary of results 
 

 Confidential desktop research revealed the restricted site boundary of the Department 

of Planning, Lands and Heritage (DPLH) registered mythological and ceremonial site 

ID 10381 Vlaming Head overlaps the western third of Lot 2;  

 The restricted boundary of DPLH ID 10381 Vlaming Head does not overlap Lot 557; 

 Lot 557 is partially clear for the stated works to proceed outside of the Sensitive Dune 

area; 

 A portion of Lot 2 is not clear for the stated works to proceed as it is within Registered 

heritage site DPLH ID 10381 Vlaming Head; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 The site identification level recording of ID 10381 Vlaming Head is sufficient for the 

submission of an HISF to DPLH; and 

 A landscape feature with a high potential to reveal human remains was identified 

(Sensitive dune area) and it is recommended that this area is avoided. 
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The results of the archaeological and anthropological heritage survey are presented in section 

7 and maps 3 and 4. Detailed recommendations and heritage considerations are presented in 

section 8.  
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3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for the 

proposed Ningaloo Lighthouse Holiday Park development and expansion. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 

(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 

to request an archaeological and ethnographic SID survey at the Ningaloo Lighthouse Holiday 

Park project area. 

The archaeological and anthropological heritage survey was conducted within Lots 2 and 557 

Yardie Creek Road, North West Cape. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 

areas. 
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Map 1: Lot 2 and Lot 557 Yardie Creek Road. 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 

proposed Ningaloo Lighthouse Holiday Park expansion (Lot 2 and Lot 557). The spatial data 

was entered into the Department of Planning, Lands, and Heritage’s (DPLH) Aboriginal 

Heritage Enquiry System (AHIS) to identify any Registered Aboriginal sites, other heritage 

places (OHPs), prior surveys and associated reports relevant to the project area. Where 

applicable, unpublished heritage reports and relevant academic resources were also 

consulted. These site files and reports were requested from the DPLH and reviewed prior to 

mobilisation. The summaries of these sites are presented in section 7 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 

the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 

section 5 and section 39 of the AHA. These sites are added to the permanent register of 

Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending assessment they are entered onto the 

temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 

so disturbed that the heritage values are no longer present or places that have been 

assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified one registered Aboriginal site within the project area (see map 3). 

Vlaming Head (DPLH ID 10381) is a place of sacred importance (Randolph et al 1986) that 

has a closed or obscured boundary on the DPLH public database because of cultural 

sensitivity. Correspondence between YMAC and DPLH on behalf of the descendants of the 

Aboriginal heritage informants revealed that the site covers part of Lot 2 and will therefore be 

within the impact zone of the current project. This site is linked to other sites of spiritual and 

ceremonial importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 

occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 

current survey area are a number of different site types. Shell middens have been located on 

the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 

paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 

Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 

such as that found near freshwater creeks and mangrove communities, which provide both 

aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 

eastern side of the peninsula but this may be the result of less systematic inspections on this 

side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 

Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 

Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 

by recreational use of the area (Morse 1984:1). The expansion of the current Ningaloo 

Lighthouse Holiday Park will increase the visitor traffic to the area and may result in indirect 
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disturbance to the Vlaming Head site. It is important that this is considered in management 

plans and that measures are implemented to ensure that tourist activity is directed away from 

this area and that respect for the spiritual values of the cape are encouraged. 

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 

to the survey area and provides a deeper understanding of the cultural landscape. Prepared 

by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 

“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 

neighbours of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 

an area roughly between Point Cloates and Quobba Point and inland to approximately Mia. 

To their north were the Jinigudira and to the south the Maia. Probably during the latter portion 

of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 

pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 

elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 

like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 

them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 

Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 

kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 

Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 

local population in the 1800s or are considerably older, the sand dunes of the coast and 

Exmouth region have proved to be preferred burial places. The possibility of finding human 

remains in the vicinity of Vlamingh Head would be reasonably high especially in the coastal 

dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 

history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 

that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded sites in the vicinity of Vlaming Head 
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Table 2: Summary of desktop research results 

Project area DPLH site ID / OHP ID Name Type Restrictions 

Lot 557  N/A N/A N/A N/A 

Lot 2 ID 10381  Vlaming Head Sacred Closed site 
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4.1 Summary of DPLH registered Aboriginal sites 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH site file records this cultural place where Aboriginal people have attributed 

significant meaning to the limestone ridge of Cape Range which ends at its northern most 

point with Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu 

after the name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. 

This sacred place contains mythological, ceremonial and ritual elements of Aboriginal culture 

and is registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 

polygon, overlaps the project area at the Ningaloo Lighthouse Holiday Park. However the 

actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 

including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 

a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 

Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 

4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 

consultation for an application under Regulation 10 of the AHA and a work program clearance 

survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 

descendants of the original informants, reiterated the importance of the DPLH ID 10381 

Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 

compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 

ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 

the survey conducted closest to the current project areas. The survey only covered an area of 

300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 

centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 

that cultural material had been found in red dune deposits similar to that found in the project 

area, but that these were approximately 1.5 km to the north and closer to the resources of the 

coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 

with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 

concluded that the inland areas appeared to have been used for gathering plant foods and 

hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 

relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 
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sites in the area. The report also provides recommendations for the management of the sites 

in relation to tourists visiting the region. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 

Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 

Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 

and recorded as a result of the fieldwork. The report contains historical renderings of rafts 

used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 

of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 

Vlaming Head is described in the report and the relationship between the site and the cape 

ranges is explained. 
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5 Survey areas 
The Ningaloo Lighthouse Holiday Park project area is located 17 km northwest of Exmouth at 

Vlamingh Head. It includes two lots, Lots 2 and 557 Yardie Creek Road, for the expansion and 

upgrade of the current Ningaloo Lighthouse Holiday Park. 

5.1 Lot 2 and Lot 557 
Lot 2 and Lot 557 Yardie Creek Road, North West Cape, are the site of the proposed 

redevelopment of the existing Ningaloo Lighthouse Holiday Park. Currently the holiday park 

operates within Lot 2 but the redevelopment will involve expansion within this lot and into 

sections of Lot 557 (see plate 2). 

 

Plate 2: Looking east over the Ningaloo Lighthouse Holiday Park from Vlamingh Head Lighthouse 

Lot 2 sits behind the beach dunes at Vlamingh Head. It is adjacent to Lighthouse Hill and the 

western side of the lot is a steep incline leading up to the lighthouse. The southern margin is 

defined by a deep gully that drains from the hill and cuts through the holiday park to the beach. 

This area would have been characterised by access to a range of resources, including fresh 

water, as well as a sheltered location behind the beach. Because the holiday park was 

constructed prior to the adoption of surveys for heritage sites, no investigations of the area 

within Lot 2 were conducted and despite the auspicious location any surface archaeological 

material is now gone. 

Lot 557 is adjacent and is relatively pristine in comparison but there are tracks for access, 

including one substantial track that runs for the length of the lot. Similar to Lot 2, Lot 557 skirts 

the eastern edge of the ranges and the western side of this area is undulating limestone. A 

band of limestone also cuts through the centre of the lot from east to west. Running north 
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south on the eastern side of the lot is a red sand dune crest that is part of a longitudinal dune 

and extends from the project area to two km south of it. Generally the vegetation consists of 

sparse to moderately dense spinifex and shrubs over red sand. 
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6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 

During the brief the heritage team discussed the scope of works, proposed use of the land, 

and the SID heritage survey methodology. The Gnulli representatives had the opportunity to 

discuss, contribute to, and comment upon the proposed survey methodology and gave their 

consent to the SID methodology. Field briefings were completed every morning to ensure 

ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 

debrief meeting the team discussed the results of the survey, sought feedback, and collected 

recommendations and considerations for the sites and project area from the Gnulli. 

SITE IDENTIFICATION 

The archaeological and ethnographic heritage survey within Lot 2 and Lot 557 was 

undertaken to a SID standard. In line with YMAC’s heritage management principles this type 

of heritage survey should only occur in areas where a proponent knows they will have to apply 

for s18 permit, or at sites that have been earmarked for further investigation under s16 of the 

AHA. 

Site identification surveys record Aboriginal sites to a level sufficient to complete a HISF form 

for submission to the DPLH. Based on the HISF the ACMC will then make a judgement of 

whether or not they believe that the heritage place constitutes an Aboriginal site under s5, and 

s39 of the AHA. 

The minimum recording standards for YMAC site identification surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 

 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner Representatives. It is expected that this 

will be noted in the report where it occurs along with an explanation of why the 

increased spacing was deemed necessary, accompanying photographs of the terrain, 

and the names of the Traditional Owner representatives that endorsed the change of 

methodology; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 

heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 

 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 

visibility and potential visits by non-authorised persons. In this instance, the wishes of 

the Traditional Owner representatives supersede this standard; 

 Site identification recording of heritage places: 

o Detailed site plan; 

o For rockshelters, in addition to the site plan, elevation and profile drawings; 

o Location of the heritage place within the survey area; 

o Any nearby infrastructure; 

o Environmental context including vegetation, ground surface composition, 

ground surface visibility and any other relevant environmental information; 
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o Landscape context; 

o Proximity to water sources; 

o Detailed description of any disturbance to the place or heritage objects, both 

natural and anthropogenic in origin; 

o A justification of the selected boundary; 

o A description of the heritage values of the places; 

o A detailed description of the heritage objects within the place: 

 This may include targeted sampling using sample squares. 

 YMAC do not have a minimum sample size and rely on the professional 

judgement of consultants to determine an appropriate sampling 

strategy that accurately reflects the heritage values of the site. 

 Please provide a description of the sampling strategy within the site 

description in the HISF or report. 

 Conversely, if an artefact scatter was not systematically sampled, 

please provide an explanation as to why this did not occur; 

o Detailed photographs, with and without scales of the context, condition, 

heritage values, and heritage objects associated with the place; 

o Collect ethnographic information concerning the potential uses of the place and 

the meaning, importance, and significance of the place to the Traditional 

Owners; 

o Record recommendations concerning any additional ethnographic work that 

needs to be undertaken, along with any mitigative strategies proposed by the 

Traditional Owners. 

 Recording of survey progress by archaeologist / anthropologist using a field notebook 

a copy of this may be requested by YMAC; and 

 An appropriate photographic record of the survey. 

 

6.1 Archaeological survey 

Lot 2 and Lot 557 

The bulk of Lot 2 is already occupied by the Ningaloo Lighthouse Holiday Park. The party 

toured this lot in order to identify areas that might require inspection and also gained a view of 

the surrounding area from the highest point of the lot. Those areas that were not occupied by 

buildings or landscaping were found to be at a steep slope and those present on the survey 

agreed that it would be both unsafe and pointless to survey those areas for heritage sites. 

Lot 557 was inspected on foot by the entire party. A hand held GPS unit (Garmin GPS Map 

Datum WGS84 Zone 50) was used to identify the area and borders of the Lot and to place 

and orient the transect lines. The Gnulli representatives, two proponent representatives, the 

anthropologist and the archaeologist walked east west transects using the main track as a 

baseline. The participants were spaced at 15 m intervals and inspected all of the undisturbed 

areas within the lot. 

 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 

participated and observed the Gnulli participants walking transects and locating artefactual 

material. The anthropologist discussed and recorded ethnographic comment and observations 
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in a field notebook at the respective project areas and potential impact of proposed DBCA 

works with the Gnulli participants. This information and data was later analysed and 

conclusions drawn to formulate appropriate recommendations for cultural heritage 

management. Maps of the survey area were made available to the Gnulli participants during 

the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 

survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 

60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 

NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 

consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 

representatives.  

The following day the survey team focussed on the holiday park survey area within Lots 2 and 

557 and the important mythological and ceremonial site Padjari Manu (DPLH 10381 Vlaming 

Head). The survey team walked a number of transects to inspect Lot 557 which is vacant land 

and mostly undisturbed. It consists of thickly vegetated coastal dunes, spinifex and low 

limestone outcrops. The Gnulli participants commented on a number of bush food resources 

in the area including the previously mentioned bush walnut (see plate 3).  

 

Plate 3: Gnulli participant Jermaine Baron examining bush food. 

 

On the dune a Gnulli participant commented on a small piece of bone at GDA94 coordinates 

201920E 7585374N (see Plate 6) but the origin of the bone could not be ascertained. 

Discussion regarding the dune was held with Northwest Resorts and an undertaking given 

that they not conduct any work in the dunes east of the main track to avoid uncovering any 
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artefactual material or human remains that may be within it. More bones were found during 

subsequent transects which were definitely faunal/hill kangaroo.  

 

Plate 4: Bone fragment found on dune in Lot 2 

A natural limestone area at GDA94 coordinates 701767E 7585210N (see Plate 5) was 

inspected but found to have no human disturbance evident. Several more transects were 

walked to inspect the areas around the holiday park in Lot 2 and the group stopped at chalets 

on ridge at GDA94 coordinates 201540E 7585442N. Gnulli participants commented on the 

numerous Bungari or hill kangaroos seeking shelter from the heat.  
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Plate 5: Natural limestone area in Lot 557. 

The survey concluded with a discussion about the proposed development and its potential 

impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 

the Baiyungu have an obligation and a right under native title and heritage to be respected 

and recognized as the custodians of this place and story and wish to work together with 

proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 

and control unauthorised access that might damage the place and upset the ancestors. The 

Gnulli representatives commented that these same ancestors protected and cared for the 

survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 

community. 
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Map 3: DPLH ID 10381 Vlaming Head within Lot 2 
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7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey of the proposed Ningaloo Lighthouse Holiday Park 

expansion area (Lot 2 and Lot 557) for Northwest Resorts. The results are summarised in Table 3 and in Maps 3 and 4. The spatial data has 

been provided with the preliminary advice. An abbreviated summary of the heritage place recorded to SID standard is presented below due to 

the cultural sensitivity of the information recorded during the survey. An HISF containing the cultural information for this site has been submitted 

to DPLH for consideration by the ACMC. 

Table 3: Summary of results from GNU680-1 

Scope # 

/ Name 

Completion 

status 

Heritage places / 

areas 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Lot 557  Complete One not clear area N/A N/A Sensitive Dune Area 

Lot 2 Complete 
One Registered 

Aboriginal heritage site 

ID 10381 Vlaming 

Head 
N/A N/A 
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Map 4: Lot 2 and Lot 557 survey results 
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7.1 Newly identified heritage sites 
 

One area of sensitivity, a red dune, was recorded during the survey of Lot 557. More 

information regarding this recording is outlined in the description below.  

7.1.1 Sensitive dune area – potential burial 

This is a longitudinal dune that extends north south and is partially within Lot 557. 

Site boundary 

The dune was defined using two metre contour data and aerial photography to identify the 

extent of the landform within Lot 557. A smaller area of concern was marked using a hand 

held GPS unit but it was thought that the entirety of the dune could potentially contain sub 

surface material and human remains. The sensitive section of the landform is the red sand 

crest but part of this dune within Lot 557 is limestone and this section is unlikely to contain 

burials. 

Environmental context 

This is a north south trending longitudinal dune that extends for approximately two kilometres 

and ends just south of the fore dunes on the tip of Vlamingh Head. It is composed of red sand 

and is covered with grasses and spinifex. It is the westernmost of the longitudinal dunes on 

the plain and is flanked by the ranges on the immediate west. As such it would have been the 

closest such landform to both the coastal area of Vlamingh Head and the resources of the 

ranges.   

Description 

The defined area includes a red sand dune crest with some wind eroded exposed areas. 

Kangaroo bone was found in and around these areas. In one blow out a piece of post cranial 

non-diagnostic bone was found and the party discussed the possibility that this was a piece of 

human bone from a burial within the dune. Those present concluded that the best way to 

protect unidentified burials was to preserve the dune landform. 

Given the auspicious location of the dune crest in proximity to the ranges and the coastal fore 

dunes of Vlamingh Head it is possible that this land form was a focal point for human activity 

in the past.  

Site condition 

The dune appears to be relatively pristine although rubbish from surrounding land uses litters 

the area. If the dune area is left undeveloped and large volumes of tourists are encouraged 

away from the landform with alternative pathways, then it should remain relatively stable. 

Indirect disturbance from water action, the removal of vegetation and uncontrolled litter or 

traffic could have a negative impact on the stability of the dune. 

Importance and significance 

The Sensitive Dune Area is potentially of importance and significance under section 39(2) a 

and b of the AHA. Those consulted confirmed that dune crests were places where people 

were buried in the past. By definition, the act of interring a loved one in accordance with 

tradition is a ceremony and the resulting grave a place of reverence and ritual attendance. 
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Additionally, artefact scatters found near the coast at the northern tip of the cape have often 

been found on the crest of sand dunes (Przywolnik 1998:6), and this dune is in proximity to a 

number of significant landscapes such as Vlamingh Head and the northern end of the range. 

 

7.2 Registered heritage site assessment 
One previously recorded heritage site was the subject of the ethnographic consultation. The 

cultural significance of ID 10381 Vlaming Head was considered by the Gnulli representatives 

and anthropologist and continues to meet the criteria of an Aboriginal site under section 5(b) 

of the AHA. The site must be avoided and protected unless consent is granted by the Minister 

for Aboriginal Affairs under section 18 of the AHA to use the land containing the site. The 

proposed works area within the previously disturbed area and proposed expansion area of Lot 

2 will have no impact on the cultural heritage values of Vlaming Head while the cultural 

heritage values and traditions continue to be practised according to the rights and interests of 

the Aboriginal custodians of the area. 

An abbreviated summary of the information recorded for ID 10381 Vlaming Head to SID 

standard is presented below due to the cultural sensitivity of the information documented 

during the survey. An HISF containing the cultural information for this site has been submitted 

to DPLH for consideration by the ACMC. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 

Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 

the ranges reaches the ocean. Access to power is gained at this location to protect the cape 

region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 

the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 

Head, fears are held by the representatives for the safety of the area and their people if the 

importance of the site is not observed. As the groundwater is important in the sacred 

narratives, the Gnulli representatives raised concerns regarding the drawing of water from 

bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 

Aboriginal traditional law to be respected and recognized as the custodians of this place and 

mythological story and wish to work together with visitors to protect and care for this place, 

raise awareness of Inagudura culture and control unauthorised access that might damage the 

place and upset the ancestors. The Gnulli representatives commented that these same 

ancestors protected and cared for the survivors of the shipwrecked barque, Stefano in 1875 

and guided them back to their community. 

The Gnulli representatives commented that some members of the Gnulli native title holder 

group (as of December 2019) who were not present would like to meet with the proponents to 

discuss the proposed application under section 18 of the AHA involving the Vlaming Head 

heritage site. 
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7.3 Summary of Surveys 
 Confidential desktop research revealed the restricted site boundary of the DPLH 

Registered mythological and ceremonial site ID 10381 Vlaming Head overlaps the 

western third of Lot 2 where the Ningaloo Lighthouse Holiday Park is located; 

 Desktop research revealed no Aboriginal sites or heritage places within the adjacent 

Lot 557; 

 One sensitive area (Sensitive Dune Area) was identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 Gnulli representatives requested that the proponent meet with elders and senior 

members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 

who were unable to attend the heritage survey to discuss the application under section 

18 of the AHA, mitigative strategies and ongoing relationship with the relevant native 

title holders. 
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8 Recommendations and considerations 
An archaeological and ethnographic SID heritage survey of the Ningaloo Lighthouse Holiday 

Park expansion area (Lot 2 and Lot 557) for NWR is now complete. The proposed works are 

partially cleared to proceed subject to the following recommendations: 

1. A western portion of Lot 2 is not clear for the stated works to proceed as it is within 

Registered heritage site ID 10381 Vlaming Head; 

2. In order to conduct the proposed works within that portion of Lot 2 overlapping the 

registered site an application to use the land containing the site under section 18 of 

the Aboriginal Heritage Act 1972 (AHA) will be required; 

3. It is recommended that consultation is conducted with North Gnulli Elders who have 

rights and interests in the Vlaming Head area to discuss mitigative strategies that 

lessen any potential impact of the proposed development on the cultural heritage 

values of DPLH ID 10381 Vlaming Head prior to the submission of the application 

under section 18; 

4. A report of the consultation should be submitted in support of the application; 

5. One sensitive dune area within Lot 557 was identified. This landscape feature has 

high potential to reveal human remains and it is recommended that this area is 

avoided. 

6. The site identification level recording of DPLH ID 10381 Vlaming Head is sufficient for 

the submission of an HISF to DPLH. 

7. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, NWR must follow the DPLH procedures and stop work immediately, and 

the materials and the area around them must be left undisturbed. The Western 

Australian Police must be informed immediately as well as Gnulli traditional owners, 

through their representative, YMAC, as soon as practicable. 

8. It is recommended that NWR employees and contractors executing the proposed 

works be informed of the contents of this report and their obligations under the AHA. 

9. It is recommended that NWR maintain discussions with the Gnulli people, regarding 

any future matters that may arise in relation to the areas surveyed, including any further 

proposed excavation or ground disturbance activities or access to uncleared proximate 

areas. 
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DPLH site files 
 

DPLH SITE ID 10381 Vlaming Head 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 

used to search the DPLH’s Register of Aboriginal 

Sites which records the location and other information 

concerning registered Aboriginal sites and other 

heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 

holders. These representatives are selected by the 

native title group via the most up to date selection 

process endorsed by the relevant committee of the 

Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 

title group in conjunction with suitably qualified 

heritage professionals (e.g. archaeologists and / or 

anthropologists), for the purpose of identifying and 

recording heritage sites and areas within a defined 

project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 

a site’ OHPs lodged OHPS are sites that have been 

reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending 

assessment they are entered onto the temporary 

register. ‘Not a site’ OHPs are sites which have been 

submitted to the DPLH and assessed by the ACMC 

as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 
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Plate 1: Team photo L-R Robert Walgar, William Shea, Gavin Walgar, Gavin Parfitt, Jermaine Baron, 
Dalton Dickerson, Stephen Morgan. 
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2 Executive summary 
 

This document provides Northwest Resorts (NWR) with the final results of the archaeological 

and ethnographic work program clearance (WPC) survey completed on the Gnulli native title 

claim (WC1997/028) between 10 December and 13 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

NWR requested an archaeological and ethnographic WPC heritage survey of their proposed 

section 91 water bores. The project area and the completion status at the end of the survey is 

summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives who are 

descendants of Aboriginal people from the Cape Range area. These representatives were 

nominated by the native title group based on the most current selection processes endorsed 

by the appropriate native title group committee.  

 

Table 1: Project Areas 

Name / ID Size 
Completion 

Status 
Request 

Water Bores 
5.95 ha 

 

Partially 

complete 

Archaeological and anthropological work 

program clearance survey 

 

2.1 Summary of results 
 

 Water Bores and the associated access track as defined in the original request are 

partially clear for the stated works to proceed. The eastern end of the southern access 

track was truncated to end at Water Bore target number LH 001 at the request of the 

proponent and the northern end of the access track has been amended in order to 

avoid a heritage site. Map 3 depicts the cleared areas; 

 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 

 The Work Program Clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of a Heritage Information Submission Form 

(HISF) to DPLH. 

The results of the archaeological and anthropological heritage survey are presented in section 

7 and map 3. Detailed recommendations and heritage considerations are presented in section 

8.  
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3 Introduction 
NWR intends to use land contained within the Gnulli determination area (WC1997/028) for 

new water bores and an associated access track to draw groundwater to supply the Ningaloo 

Lighthouse Holiday Park. 

To meet their obligations under the heritage agreement and the Aboriginal Heritage Act 1972 

(AHA), NWR contacted YMAC as the heritage service provider of the Gnulli native title group 

to request an archaeological and ethnographic WPC heritage survey over their proposed 

section 91 water bores project area. 

The archaeological and anthropological heritage survey was conducted within Temporary 

Reserve TR 70/2614. 

Map 1 below, generated with information provided by NWR, outlines the location of the survey 

areas. 
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Map 1: Section 91 water bores and access track 
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4 Desktop research 
Prior to undertaking the fieldwork the heritage team completed desktop research of the 

proposed section 91 water bores. The spatial data was entered into the Department of 

Planning, Lands, and Heritage’s (DPLH) Aboriginal Heritage Enquiry System (AHIS) to identify 

any Registered Aboriginal sites, other heritage places (OHPs), prior surveys and associated 

reports relevant to the project area. Where applicable, unpublished heritage reports and 

relevant academic resources were also consulted. These site files and reports were requested 

from the DPLH and reviewed prior to mobilisation. The summaries of these reports are 

presented in section 6 below.  

Registered Aboriginal sites are sites that have been reported to the DPLH and assessed by 

the Aboriginal Cultural Materials Committee (ACMC) as meeting the criteria of a site under 

section 5 and section 39 of the AHA. These sites are added to the permanent register of 

Aboriginal sites.  

There are two types of OHPs, lodged OHPs and ‘not a site’ OHPs: 

 Lodged OHPs are sites that have been reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending assessment they are entered onto the 

temporary register and appear on the public database; and  

 ‘Not a site’ OHPs are either sites that have met the criteria of the AHA but have been 

so disturbed that the heritage values are no longer present or places that have been 

assessed by the ACMC and were found not to meet the criteria of the AHA. 

The AHIS search identified no Registered heritages sites or OHPs within the project area. 

There is one registered Aboriginal site within the vicinity of the water bores and associated 

access track (see map 2). Vlaming Head (DPLH ID 10381) is a place of sacred importance 

(Randolph et al 1986) that has a closed or obscured boundary on the DPLH public database 

because of cultural sensitivity. This site is linked to other sites of spiritual and ceremonial 

importance in the Cape Range National Park and as far south as Carnarvon. 

The Cape Range area is an archaeologically rich region with over 35,000 years of human 

occupation (DPLH ID 6120 Pap Hill 2; Morse 1993:240; Przywolnik 1998). In the vicinity of the 

current survey area are a number of different site types. Shell middens have been located on 

the coast on the west side of the Cape and in the ranges are rock shelters with engravings, 

paintings, grinding patches and archaeologically significant deposit (Przywolnik 1998:4; 

Turner 1985:12). Larger sites are typically located in areas adjacent to a range of resources 

such as that found near freshwater creeks and mangrove communities, which provide both 

aquatic and terrestrial fauna (Murphy et al 1995:9). Fewer sites have been recorded on the 

eastern side of the peninsula but this may be the result of less systematic inspections on this 

side of the cape (Morse et al 1990:2). 

In 1984 Morse and Kee conducted a survey for sites within the proposed Ningaloo Marine 

Park (Morse et al 1984) on the western margin of North West Cape. They identified 92 

Aboriginal heritage sites and estimated that at least 80% of the sites are, or were, threatened 

by recreational use of the area (Morse 1984:1).  

The site file for Vlaming Head (DPLH ID 10381) contains an ethnographic background relevant 

to the survey area and provides a deeper understanding of the cultural landscape. Prepared 
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by the consultant anthropologist Guy Wright (1990) the area of the proposal at Vlaming Head 

“is within the area identified by Tindale (1974) as the land traditionally occupied by the northern 

neighbors of the Baijungu linguistic unit. According to Tindale, the Baiyungu people inhabited 

an area roughly between Point Cloates and Quobba Point and inland to approximately Mia 

Mia. To their north were the Jinigudira and to the south the Maia. Probably during the latter 

portion of the 19th Century the Jinigudira were devastated by an epidemic likely introduced by 

pearlers and others working in the Exmouth Gulf area. (Jan) Turner (ref.1985) quotes an 

elderly man in 1985 from Onslow who described the sickness: “(It) began with the dogs, just 

like distemper, with shaking all over. Shake, Shake, they died. The Old People tried to nurse 

them and they died too. Whole families died. Skeletons everywhere Cardabia.” 

The epidemic undoubtedly affected the Baijungu, the direct neighbours of the Jinigudira. 

Cardabia Station where members of the Gnulli Native Title group reside is only a couple of 

kilometres from Coral Bay and there are seven burial sites between Gnaraloo Bay and Point 

Maud. A blowout on the southern side of Point Maud is locally referred to as “Skelly Beach.”  

Regardless of whether the human remains are the result of the sickness that decimated the 

local population in the 1800s or are considerably older, the sand dunes of the coast and 

Exmouth region have proved to be preferred burial places. The possibility of finding human 

remains in the vicinity of the project area would be reasonably high especially in the coastal 

dunes and sand ridges east of Cape Range. For obvious reasons, and in light of the tragic 

history of the area, the current generation of Aboriginal heritage custodians are keen to ensure 

that the resting places of their ancestors are left undisturbed.
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Map 2: Recorded cultural heritage sites in the vicinity of Vlamingh Head. 
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4.1 Summary of DPLH registered Aboriginal sites 
 

4.1.1 Vlaming Head (DPLH site ID 10381- ceremonial) 

The DPLH records this cultural place where Aboriginal people have attributed significant 

meaning to the limestone ridge of Cape Range which ends at its northern most point with 

Vlaming Head as it is known now. Aboriginal people called this place Padjari Manu after the 

name for the hill kangaroo Padjaru that inhabit its caves, rockshelters and waterholes. This 

sacred place is now a registered site under Section 5(b) of the Aboriginal Heritage Act.  

The DPLH site boundary, which appears on the public database as a two kilometre square 

polygon, overlaps the Ningaloo Lighthouse Holiday Park but not the proposed bore field. 

However, the actual boundary is masked as the site is culturally sensitive.  

A number of Aboriginal sites have been recorded within 10 kilometres of Vlaming Head 

including rockshelters at Pap Hill which have been dated to 35,320BP Przywolnik (1998) and 

a rockshelter Padjari Manu (formerly called Bunbury Cave) where a shell necklace was found 

Randolph (1985). 

 

4.2 Summary of relevant heritage survey reports 

4.2.1 DPLH report ID N/A – Anderson and Smith 2019 

This is a report of heritage work for the University of Western Australia which included a 

consultation for an application under Regulation 10 of the AHA and a work program clearance 

survey of the Vlaming Head ceremonial site (DPLH site # 10381). Those consulted, including 

descendants of the original informants, reiterated the importance of the DPLH ID 10381 

Vlaming Head site. They concluded that the UWA oceanographic monitoring stations are 

compatible with the spiritual substance of the site and provided support for the research. 

4.2.2 DPLH report ID # 101900 - Przywolnik 1998 

This is a report of an archaeological survey for an area of infrastructure, sewerage evaporation 

ponds specifically, that is directly related to the Ningaloo Lighthouse Holiday Park. It is also 

the survey conducted closest to the current project areas. The survey only covered an area of 

300 m x 300 m but it is one of the few surveys conducted in the elevated sand plains in the 

centre of the peninsula and is therefore relevant to the current studies. Przywolnik reported 

that cultural material had been found in red dune deposits similar to that found in the project 

area, but that these were approximately 1.5 km to the north and closer to the resources of the 

coast.  

Bush tucker such as desert walnuts and potato bush were noted in the survey area and along 

with acacia seeds had been found in archaeological sites on the Cape Range peninsula. She 

concluded that the inland areas appeared to have been used for gathering plant foods and 

hunting terrestrial fauna. One isolated artefact was found within the survey area. 

4.2.3 DPLH report ID 17613 - Randolph and Wallam 1986 

This is a report of a targeted assessment of specific sites at North West Cape. The authors 

relate information relevant to the spiritual values of DPLH ID 10381 Vlaming Head and other 

sites in the area. The report also provides recommendations for the management of the sites 



 

Page 10 of 28 

in relation to tourists visiting the region. This consultation was not exhaustive by the standards 

of today and should be revisited before any of the recommendations are implemented. 

4.2.4 DPLH report ID 102133 - Turner 1985 

This report was prepared for the Aboriginal people of Carnarvon and Onslow and the Western 

Australian Museum. It outlines a survey for archaeological sites in the Cape Range National 

Park that were threatened by vehicle and human/tourist impact. Twelve sites were identified 

and recorded as a result of the fieldwork. The report contains historical renderings of rafts 

used in the Exmouth Gulf area by the inhabitants in the contact period. It also features a map 

of the peninsula depicting the Aboriginal names for places and water sources. DPLH ID 10381 

Vlaming Head is described in the report and the relationship between the site and the cape 

ranges is explained. 
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5 Survey areas 
The project area is located 17 km northwest of Exmouth at Vlamingh Head. It includes water 

bore targets and an associated access track. If successful the groundwater will be used to 

provide water for the proposed holiday park. 

Spatial information reveals the cultural topography for the area is dominated by two landforms: 

sand ridges up to 12 metres high east of the limestone ridge called Cape Range. The general 

area also contains evidence of previous disturbance such as multiple access tracks, numerous 

bores, windmills and wells, small mines and sewerage treatment ponds for the holiday park. 

 

5.1 Section 91 Water Bores and Access Track 
The proposed bore field is approximately two km south of the existing holiday park and access 

is gained to the area via a surviving dirt track. It is intended that this track and the proposed 

tracks linking the individual bore targets will be upgraded prior to the drilling project. Although 

it appears that the drill targets on the east west lines are on previously existing tracks, these 

alignments are overgrown and poorly defined. The north south running track is in better 

condition and was easily navigated in 4WD vehicles. 

Seven drill targets and 2.77 km of vehicle track comprised the planned water bore survey. The 

proposed track upgrade corridor as defined is 20 m wide and is centred on the existing 

alignments. During the survey the eastern end of the southern access track was truncated to 

end at Water Bore target number LH 001 at the request of the proponent. Prior to the survey 

each bore target was given a 20 m radius to allow for clearing and the establishment of a drill 

pad but this radius was increased to 25 metres following a discussion on site regarding the 

drilling process.  

The proposed water bores are located on the Tulki limestone above an aquifer from which 

NWR intend to draw groundwater. This fresh groundwater is thickest or deepest towards the 

centre of the peninsula and in order to gain access to this level of water the bores are located 

inland. In these areas the surface of the landscape consists of red dunes and elevated 

sandplains. To the west are the limestone ranges and the nearest stretch of coastline is 

adjacent to the holiday park, 2.5 km to the north. The vegetation consists of spinifex (triodia 

sp), shrubs and small trees (Banksia sp). 
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Plate 2: Looking east along the southern water bore access track. 
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6 Survey methodology 
On the first day of the heritage survey the heritage team facilitated a detailed pre-survey brief. 

During the brief the heritage team discussed the scope of works, proposed use of the land, 

and the WPC heritage survey methodologies. The Gnulli representatives had the opportunity 

to discuss, contribute to, and comment upon the proposed survey methodology and gave their 

consent to the WPC methodology. Field briefings were completed every morning to ensure 

ongoing consent and engagement with the project. 

At the end of the fieldwork program the heritage team facilitated a debrief meeting. During the 

debrief meeting the team discussed the results of the survey, sought feedback, and collected 

recommendations and considerations for the sites and project area from the Gnulli. 

WORK PROGRAM CLEARANCE 

The archaeological and anthropological heritage survey within the water bore target areas 

and access track was undertaken to a work program clearance heritage standard. These 

types of survey usually occur in the very early stages of project planning and exploration. WPC 

surveys occur when the proponent has identified the preferred location of the work program, 

usually a drill program. When heritage places are identified they are given a boundary and 

delineated as not clear. The consultant will then endeavour to provide an appropriate deviation 

around the site to allow the work program to continue. 

The minimum recording standards for YMAC WPC surveys are: 

 Pedestrian transects at a spacing of no greater than 20 m; 

 If spacing of greater than 20 m is required for safety reasons, this must be discussed 

with and agreed to by the Traditional Owner representatives. It is expected that this 

will be noted in the report where it occurs along with an explanation of why the 

increased spacing was deemed necessary, accompanying photographs of the terrain 

and the names of the Traditional Owner representatives that endorsed the change of 

methodology; 

 Recording of outer lines or central lines using tracks on hand held global positioning 

system (GPS) devices with a minimum accuracy of +/- 5 m; 

 The conduct of intensively spaced pedestrian transects to determine the extent of 

heritage values of any identified sites; 

 Accurate delineation of a boundary with a suitable buffer to account for GPS accuracy; 

 On WPC surveys a deviation may be required by the proponent, these should provide 

a sufficient buffer around any heritage places; 

 Flagging of the boundary using pink and black heritage tape. Please note that some 

Traditional Owner representatives may request that sites are not flagged to reduce 

visibility and potential visitation by non-authorised persons. In this instance, the wishes 

of the Traditional Owner representatives supersede this standard; 

 Recording of survey progress by archaeologist / anthropologist using a field notebook; 

and 

 An appropriate photographic record of the survey. 
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6.1 Archaeological survey 

Water bore target areas and access track 

All of the survey areas were subject to a pedestrian inspection using a hand held GPS unit 

(Garmin GPS Map Datum WGS84 Zone 50) to follow the spatial data provided by the 

proponent. The access track survey corridor is 20 m wide and the entirety of this corridor was 

walked by the archaeologist and between two and six Gnulli representatives. Because there 

is an existing track that will be upgraded, the survey team flanked this alignment.  

Each of the seven water bore target sites were inspected as part of the track survey. When 

the party reached a water bore pad the individuals spread out to cover the 50 m wide area. 

 

6.2 Anthropological survey 
During the archaeological component of the survey, the YMAC anthropological consultant 

participated and observed the Gnulli participants walking transects and locating artefactual 

material. The anthropologist discussed and recorded ethnographic comment and observations 

in a field notebook at the respective project areas and potential impact of proposed DBCA 

works with the Gnulli participants. This information and data was later analysed and 

conclusions drawn to formulate appropriate recommendations for cultural heritage 

management. Maps of the survey area were made available to the Gnulli participants during 

the fieldwork as an aid to contextualise the surrounding cultural landscapes. Spatial data of 

survey tracks and waypoints was captured in the field using a handheld Garmin GPS map 

60Cx unit and the field action was captured with a Lumix digital camera. 

On the 11th December 2019 Gnulli participants travelled with the YMAC consultants and met 

NWR representatives at the existing Ningaloo Lighthouse Holiday Park. The survey team 

consisted of six Gnulli participants, two YMAC heritage consultants and three proponent 

representatives. After a discussion of the proposed developments the group decided that the 

heritage survey would commence with the visit to the proposed bore field area. The YMAC 

anthropologist participated in the archaeological survey walking over the bore field project 

area discussing cultural issues with the Gnulli participants. 

The survey team travelled in 4WD vehicles along existing tracks south of the holiday park to 

the location of proposed bore drill pad LH003 where the survey team inspected the access to 

LH001 approximately 700 metres east. There were no finds of artefactual material and no 

cultural issues were raised by the Gnulli participants. The survey team travelled north along 

the existing tracks to inspect the remaining four drill pads and access with similar findings 

except where artefactual material was found at Section 91 Water Bores Avoidance Area One. 
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Plate 3: Looking west at Section 91 Water Bores Avoidance Area One 

This cultural material will be avoided by deviating the access track to the east. There was 

general ethnographic comment made about the effect of drilling into the water below the 

surface and the potential impact on nearby water-sources traditionally used by Aboriginal 

people. Concerns were raised in May 2019 by YMAC that pumping of groundwater may 

adversely impact water holes 3km south-west of the borefield (ref. Technical Memorandum 

2019). The memo authors concluded that the pumping rates would be too low to affect water 

holes on the other side of the ridge. Further concerns were raised by the Gnulli participants 

about unauthorised camping and trespass which has left campsite fireplaces and rubbish in 

the area. 

The survey concluded with a discussion about the proposed development and its potential 

impact on the cultural heritage values of Vlaming Head. The Gnulli representatives stated that 

the Baiyungu have an obligation and a right under native title and heritage to be respected 

and recognized as the custodians of this place and story and wish to work together with 

proponents and visitors to protect and care for this place, raise awareness of Inagudura culture 

and control unauthorised access that might damage the place and upset the ancestors. The 

Gnulli representatives commented that these same ancestors protected and cared for the 

survivors of the shipwrecked barque, Stefano in 1875 and guided them back to their 

community. 
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7 Results 
 

This section details the final results of the archaeological and ethnographic heritage survey and consultation of the proposed section 91 water 

bores for NWR. The results are summarised in Table 2 and Map 3 below. The spatial data has been provided with the preliminary advice. A 

summary of the heritage place recorded to WPC standard is presented below.  

 

Table 2: Summary of results from GNU680-1 water bores and access track survey. 

Scope # 

/ Name 

Completion 

status 

Heritage places / 

areas 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Water 

Bores 
Partially complete One not clear area N/A N/A 

Section 91 Water Bores 

Avoidance Area One 
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Map 3: Water bore targets and access track surveyed areas. 
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7.1 Newly identified heritage sites 
 

One cultural heritage site was identified within the proposed section 91 water bores access 

alignment and was recorded to WPC level. An alternate alignment for the proposed water bore 

track was defined in order to avoid and protect the area of cultural material. The alternate route 

was placed to avoid both the site and a longitudinal sand dune to the east. It reconnects to the 

northern end of the proposed alignment within a disturbed quarry area. 

7.1.1 Section 91 Water Bores Avoidance Area One – artefact scatter 

This is a scatter of stone artefacts that was revealed in a section of the existing track. It is 

located at the northern end of the proposed alignment where the track skirts the eastern end 

of the ranges. North of this the track descends into the existing quarry area. 

Site boundary 

The site boundary was defined to encompass all visible artefacts within the track area and on 

the undisturbed sand plain above. A suitable buffer to account for GPS accuracy was included 

on the southern, northern and eastern sides. The western boundary of the site was not 

assessed during this survey and it is assumed that it extends into the limestone range and the 

drainage valley beyond the area currently defined for the scatter. This section of the border is 

depicted as a straight line and is not indicative of a proved boundary. As it is delineated the 

boundary will be sufficient as the current activity will be within the existing access track and to 

the east of the site. If any work is proposed to the west of the site the boundary will have to be 

revisited as it is possible that it extends westward into the ranges. 

Environmental context 

The cultural material is situated at the southern margin of the entrance to a drainage valley 

within the ranges. This is a well-defined drainage line that cuts through the ranges and empties 

onto the sandplain at this point. It is probable that the water descending through this valley 

runs onto the track and has created the washout where the cultural material was identified. In 

this section of the track the soil has washed away revealing limestone from the ranges 

beneath. 

The area immediately surrounding this section of the track appears to be better watered as 

there are more trees, including Eucalypt species, than on the surrounding sand plain. Spinifex 

dominates the vegetation on the plain between the ranges and the sand dune to the east. 

Description 

The scatter consists of quartzite and silcrete flakes and one rotated quartzite core. None of 

the flakes are primary flakes although most are broken, which may be due to damage from 

vehicles using the track. The highest density encountered during recording was three artefacts 

per square metre, although this was within the track and it is possible that the concentration 

was due to damage from vehicles and water scouring. One transversally broken flake was 

found on the plain above the track but it is possible that there are more present that are 

obscured by vegetation. 

These are the remains of an occupation site located near the resources of both the ranges 

and the plain and the water that drains seasonally through the valley. Freshwater would have 
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drained past the site during the wet season and game and plant resources (see Przywolnik 

1998:9) would have been available in both the ranges above and on the plain to the east.  

On the western coastal side of the ranges, larger sites are typically found in areas adjacent to 

freshwater creeks and the resources of the mangrove communities (Murphy et al 1995:9). On 

the eastern side of the ranges fewer sites have been recorded and this could be due to less 

resources available on the plain but may also be the result of less surveys conducted in this 

area (Morse et al 1990:2). Certainly during this survey no cultural material was encountered 

on the plains and dunes to the east of the ranges. 

Site condition 

The site is bisected by an existing track, which has cut into the sand plain and attracted water 

erosion from seasonal rainfall draining from the ranges. This disturbance has had an impact 

on a section of the site, but not all of it, and has served to reveal or deposit some artefacts 

that might have been obscured by sediment. The track is in current use for access to the bore 

field and other areas to the south.  

As a result of this recording, NWR plan to move the alignment of the track to the east to avoid 

the site. If this occurs and the new alignment becomes the preferred track then the sand plain 

and vegetation should reclaim the area of the site that is within the track. To this end it would 

be preferable that access to this section of the track is blocked with windrows or similar, and 

only the new track be used. The area of the track within the site should not be subject to 

rehabilitation efforts as this will cause more disturbance. 

Importance and significance 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2b) 

of the AHA. The Gnulli representatives present during the recording of the site were adamant 

that the site be protected as evidence of the activities of their ancestors. Gavin Parfitt and 

William Shea were walking the transect that intersected with the site and identified the first 

artefacts. These were thought to be isolated but it transpired that the artefacts are part of a 

larger scatter. Gavin was concerned that measures are implemented for the protection of the 

site and Dalton Dickerson expressed concern that potential sub surface deposits surrounding 

the track be preserved. 

Section 91 Water Bores Avoidance Area One is important and significant under section 39(2c). 

Artefact scatters are a relatively common site type within the Exmouth region. Of the 

Registered sites identified within the Shire of Exmouth 20% are artefact scatters and a further 

59% of the recorded sites have an artefact scatter component. The majority of these sites, 

however, have been recorded within the ranges or on the west side of the peninsula adjacent 

to the resources of the coast (Morse et al 1984:8; Murphy et al 1995:9; Morse et al 1990:2). 

The presence of a habitation site within an area that is not in proximity to the coast and is not 

within the ranges, has the potential to answer questions about the past use of the plain within 

the cape area (Przywolnik 1998:9). 
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Plate 4: Looking north toward Section 91 Water Bores Avoidance Area One. 

 

Plate 5: Looking south over the track through Section 91 Water Bores Avoidance Area One. A 
limestone base is visible in the lower surface of the track. 
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Plate 6: Section 91 Water Bores Avoidance Area One artefact one 

 

Plate 7: Section 91 Water Bores Avoidance Area One artefact two 
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Plate 8: Section 91 Water Bores Avoidance Area One artefact three 

 

 

7.2 Reassessed heritage sites 
One previously recorded heritage site was the subject of the ethnographic consultation. ID 

10381 Vlaming Head is not within the Section 91 area but those consulted were concerned 

about indirect disturbance to the site from the water bores. 

7.2.1 ID 10381 Vlaming Head – site of sacred, ceremonial and ritual importance 

During the survey the Gnulli representatives reiterated the spiritual significance of Vlaming 

Head and the protective powers of the place. Vlaming Head is where the northernmost tip of 

the ranges reaches the ocean. Access to power is gained at this location to protect the cape 

region from cyclones and related disasters.  

The continuing expression of this story is very important to the surrounding cultural landscape, 

the Gnulli people and to their culture. Given the extreme power attributed to the site at Vlaming 

Head, fears are held by the representatives for the safety of the area and their people if the 

importance of the site is not observed. As the groundwater is important in the sacred 

narratives, the Gnulli representatives raised concerns regarding the drawing of water from 

bores on the Cape 

The Gnulli representatives stated that the Baiyungu have an obligation and a right under 

Aboriginal traditional law to be respected and recognized as the custodians of this place and 

mythological story and wish to work together with visitors to protect and care for this place, 
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raise awareness of Inagudura culture and control unauthorised access that might damage the 

place and upset the ancestors.  

7.3 Summary of Surveys 
 One heritage place (Section 91 Water Bores Avoidance Area One) was identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 Given the importance of the groundwater in the sacred narratives of the region, the 

Gnulli representatives raised concerns regarding the drawing of water from bores on 

the Cape; 

 Gnulli representatives requested that the proponent meet with elders and senior 

members of the (soon to be formalised) Baiyungu Prescribed Body Corporate (PBC) 

who were unable to attend the heritage survey to discuss mitigative strategies and the 

ongoing relationship with the relevant native title holders. 
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8 Recommendations and considerations 
An archaeological and ethnographic WPC heritage survey of the proposed section 91 water 

bores for NWR is now complete. The proposed works are partially cleared to proceed subject 

to the following recommendations: 

1. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 

the water bore access track survey area and a deviation to avoid the site was 

identified and inspected for cultural material; 

2. The work program clearance level recording of Section 91 Water Bores Avoidance 

Area One is insufficient for the submission of an HISF to DPLH. 

3. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, NWR must follow the DPLH procedures and stop work immediately, and 

the materials and the area around them must be left undisturbed. The Western 

Australian Police must be informed immediately as well as Gnulli traditional owners, 

through their representative, YMAC, as soon as practicable. 

4. It is recommended that NWR employees and contractors executing the proposed 

works be informed of the contents of this report and their obligations under the AHA. 

5. It is recommended that NWR maintain discussions with the Gnulli people, regarding 

any future matters that may arise in relation to the areas surveyed, including any further 

proposed excavation or ground disturbance activities or access to uncleared proximate 

areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 

on the Cape and would prefer that NWR implements a desalination process for their 

water use at the site. 
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DPLH site files 
 

DPLH SITE ID 10381 Vlaming Head 
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Acronym Description 

ACMC The Aboriginal Cultural Materials Committee. 

AHA The Aboriginal Heritage Act 1972. 

AHIS 

The Aboriginal Heritage Inquiry System. The AHIS is 

used to search the DPLH’s Register of Aboriginal 

Sites which records the location and other information 

concerning registered Aboriginal sites and other 

heritage places that have been reported to the DPLH. 

DPLH The Department of Planning Lands and Heritage. 

GIS Geographical Information systems. 

Gnulli representatives 

Representatives of the Gnulli native title claimants / 

holders. These representatives are selected by the 

native title group via the most up to date selection 

process endorsed by the relevant committee of the 

Gnulli. 

Heritage survey 

A survey undertaken by representatives of the native 

title group in conjunction with suitably qualified 

heritage professionals (e.g. archaeologists and / or 

anthropologists), for the purpose of identifying and 

recording heritage sites and areas within a defined 

project area. 

ILUA Indigenous Land Use Agreement. 

LAA Land Access Agreement. 

OHPs 

Other heritage places.  

There are two types of OHPS, lodged OHPs and ‘not 

a site’ OHPs lodged OHPS are sites that have been 

reported to the DPLH but have not yet been 

assessed by the ACMC. While they are pending 

assessment they are entered onto the temporary 

register. ‘Not a site’ OHPs are sites which have been 

submitted to the DPLH and assessed by the ACMC 

as not meeting the criteria of a site under the AHA. 

NWR Northwest Resorts 

SID Site Identification. 

WAC Work area clearance. 

WPC Work program clearance. 

YMAC Yamatji Marlpa Aboriginal Corporation. 
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Spatial data and GIS 
Geographic co-ordinates in this report were obtained using a hand-held Garmin Global 

Positioning System device. The manufacturer states that these devices are accurate to within 

+/- 15 m. Geographic co-ordinates in this report are based on the GDA 94 coordinate system, 

[Zone 50].   
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2 Executive summary 
 

This document provides Northwest Resorts with preliminary advice concerning the 

archaeological and ethnographic work program clearance (WPC) and site identification (SID) 

surveys completed on the Gnulli native title claim (WC1997/028) between 11 December and 

12 December 2019. 

The survey was undertaken in response to the heritage notice of 30 October 2019 in which 

Northwest Resorts requested an archaeological and ethnographic WPC heritage survey of 

their proposed section 91 water bores and a SID heritage survey and consultation at the 

proposed Lighthouse Caravan Park expansion area. These project areas and their completion 

status at the end of the survey are summarised in table 1 below.  

The survey was undertaken with the full involvement of the Gnulli representatives. These 

representatives were nominated by the native title group based on the most current selection 

processes endorsed by the appropriate native title group committee.  

 

Table 1: Areas completed during the current survey 

Name / ID Size 
Completion 

Status 
Request 

Lot 557  33.09 ha Complete 

Archaeological and 

anthropological site identification 

survey 

Lot 2 16.02 ha Complete 

Archaeological and 

anthropological site identification 

survey 

Water Bores 
5.95 ha 

 
Partially complete 

Archaeological and 

anthropological work program 

clearance survey 

 

2.1 Summary of results 

 Confidential desktop research revealed the restricted site boundary of the Department 

of Planning, Lands and Heritage (DPLH) registered mythological and ceremonial site 

ID 10381 Vlaming Head overlaps the western third of Lot 2 but not Lot 557 or the 

proposed borefield in UCL west; 

 Lot 557 is partially clear for the stated works to proceed; 

 Lot 2 is not clear for the stated works to proceed as it is within Registered heritage 

site DPLH ID 10381 Vlaming Head; 

 Water Bores and the associated access track are partially clear for the stated 

works to proceed. The eastern end of the access track was truncated to end at Water 
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Bore target number LH 001 at the request of the proponent and the northern end of 

the access track has been amended in order to avoid a heritage site; 

 One heritage place (Section 91 Water Bores Avoidance Area One) and one sensitive 

area (Sensitive Dune Area) were identified; 

 One Registered heritage site (DPLH ID 10381 Vlaming Head) was reassessed and 

found to have continuing cultural significance for the Baiyungu people; 

 The site avoidance level recording of Section 91 Water Bores Avoidance Area One is 

insufficient for the submission of a Heritage Information Submission Form (HISF) to 

DPLH; 

 The site identification level recording of ID 10381 Vlaming Head is sufficient for the 

submission of an HISF to DPLH; and 

 A landscape feature with a high potential to reveal human remains was identified 

(Sensitive dune area) and it is recommended that this area is avoided.
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3 Results 
 

This section details the preliminary results of the archaeological and ethnographic WPC and SID heritage survey undertaken by Northwest 

Resorts, Gnulli representatives and YMAC between 11 and 12 December 2019.  

These results are summarised in table 2 below and the spatial data has been supplied along with this preliminary advice. Please refer to maps 1 

and 2 below for a visual representation of the heritage survey results. 

 

Table 2: Summary of survey results. 

Scope # 

/ Name 

Completion 

status 

Not clear area / 

Aboriginal heritage 

sites 

DPLH Registered 

Aboriginal sites 

DPLH other heritage 

places 
Newly identified Aboriginal sites 

Lot 557  Complete One not clear area N/A N/A Sensitive Dune Area 

Lot 2 Complete 
One Registered 

Aboriginal heritage site 

ID 10381 Vlaming 

Head 
N/A N/A 

Water 

Bores 
Partially complete One not clear area N/A N/A 

Section 91 Water Bores 

Avoidance Area One 
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Map 1: Lot 2 and Lot 557 survey results 
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Map 2: Water bore targets and access track surveyed areas 
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4 Recommendations and considerations 
 

The scoped archaeological and ethnographic WPC and SID survey of the proposed water 

bores and Lighthouse Caravan Park expansion is now complete. The proposed works are 

cleared to proceed subject to the following recommendations: 

1. Lot 2 is not clear for the stated works to proceed as it is within Registered heritage 

site ID 10381 Vlaming Head; 

2. In order to conduct the proposed works within Lot 2 an application to use the land 

containing the site under section 18 of the Aboriginal Heritage Act 1972 (AHA) will be 

required; 

3. It is recommended that consultation is conducted with Baiyungu Elders who have rights 

and interests in the Vlaming Head area to discuss mitigative strategies that lessen any 

potential impact of the proposed development on the cultural heritage values of DPLH 

ID 10381 Vlaming Head prior to the submission of the application under section 18; 

4. A report of the consultation should be submitted in support of the application; 

5. One heritage place, Section 91 Water Bores Avoidance Area One, was identified within 

the water bore access track survey area and a deviation to avoid the site was 

identified and inspected for cultural material; 

6. One sensitive dune area within Lot 557 was identified. This landscape feature has a 

high potential to reveal human remains and it is recommended that this area is 

avoided. 

7. The site avoidance level recording of Section 91 Water Bores Avoidance Area One is 

insufficient for the submission of an HISF to DPLH. 

8. The site identification level recording of DPLH ID 10381 Vlaming Head is sufficient for 

the submission of an HISF to DPLH. 

9. It is advised that if human remains, skeletal materials that may be human, or materials 

that may belong to a human grave are discovered during activity within the cleared 

survey areas, Northwest Resorts must follow the DPLH procedures and stop work 

immediately, and the materials and the area around them must be left undisturbed. 

The Western Australian Police must be informed immediately as well as Gnulli 

traditional owners, through their representative, YMAC, as soon as practicable. 

10. It is recommended that Northwest Resorts employees and contractors executing the 

proposed works be informed of the contents of this report and their obligations under 

the AHA. 

11. It is recommended that Northwest Resorts maintain discussions with the Gnulli 

people, regarding any future matters that may arise in relation to the areas surveyed, 

including any further proposed excavation or ground disturbance activities or access 

to uncleared proximate areas. 

The following concerns were also raised during the heritage survey: 

 The Gnulli representatives raised concerns regarding the drawing of water from bores 

on the Cape and would prefer that Northwest Resorts implements a desalination 

process for their water use at the site. 
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Introduction 

This Heritage Impact Assessment (HIA) was prepared by Griffiths Architects and outlines proposed 

new work at the Ningaloo Light.  The caravan park contains a pair of lighthouse keepers’ quarters, 

currently known as Powell House, which falls within the State Register curtilage of the Vlamingh Head 

Lighthouse Group (Heritage Place no 00837-constructed 1912; 1943-46; 1990s). The group comprises 

the following; Vlamingh Head Lighthouse, Store, Quarters and Grave (1912), Exmouth 31 Radar Station 

and associated remnants (1943-46) and track. 

Many documents, including the State Register document, misspell the place name as Vlaming, 

omitting the h. The correct spelling of the place is Vlamingh and this spelling is adopted throughout 

the report. 

This HIA accompanies a Development Application made to the Shire of Exmouth/ Kimberley Pilbara 

Gascoyne Joint Development Assessment Panel, the decision-making authority. The proposed 

development includes: -  

• Refurbishment of existing heritage buildings; 

• Administration & Village buildings including Restaurant, Bar, Spa, Recreation Centre, Pool 

and Pavilion; and, 

• Accommodation Buildings (7 Types) 

a) Hotel Accommodation 

b) Caravan Park 

c) 6 No. Lodges 

d) Dual and single keyed Villas 

e) High End Villas 

f) Staff Accommodation 

g) Eco Tent Camping Ground 

The development application works were documented by Kerry Hill Architects and a consultant team, 

with advice on the treatment of the heritage and heritage impacts by Griffiths Architects. 

This HIA considers state heritage values described in the Statement of Significance that are articulated 

in the Heritage Council Assessment and Register document for Vlamingh Head Lighthouse Group.  

Though conservation plans have been prepared for elements of the group, the Lighthouse Keepers’ 

Quarters does not have any specific treatment and was excluded from the various studies, most likely 

of the quarters having passed into a different ownership.  Some useful drawings were included in KTA 

Partnerships Conservation Plan, Vlaming (sic) Head Lighthouse, Exmouth, Department of 

Administrative Services 1992.  These show how the quarters were intended to be constructed, 
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including cisterns, water supply lines, and outbuildings, together with construction materials and 

methods. 

The development takes into account the existing topography, connections to the beach, views to the 

development from the immediate environs and the experience of approaching the heritage elements, 

with a view to creating a well-mannered visitor environment with high class accommodation types to 

appeal to a broad range of travellers, providing the opportunity for them to experience the rugged 

beauty of the north west of Western Australia. 

The development approach follows sound conservation principles by keeping significant and new 

structures separate, minimising impact on significant fabric, providing interpretation of removed fabric 

and telling the stories of the development and construction of the light station and remote living to 

provide the service to shipping. 

This assessment concludes that there are no significant negative impacts on the heritage values of the 

place. 
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Location 

 

Figure 1 Location plan.  Googlemaps 2019 

 

Heritage Listings 

The place is listed on the following statutory heritage lists: 

• Register of Heritage Places (Heritage Place no 00837)  

• Heritage Inventory. 
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Background 

The following is drawn from the heritage assessment prepared by the Heritage Council of Western 

Australia, with minor changes.  Vlamingh’s name is spelt Vlaming in the Register Document. 

Vlamingh Head Lighthouse Group is one of the earliest European inhabited sites on the North West Cape.  

The lighthouse and associated buildings, completed in 1912, were an important part of the development 

of coastal lights in Western Australia during the early 20th century when the increased population of the 

State and the development of the North West meant a greater number of ship movements.  

Vlamingh Head Lighthouse Group demonstrates a way of life no longer practiced in where accommodation 

was provided for those working in the adjacent lighthouse.  

The Quarters were described as similar in design to those at Point Cloates.  The Quarters consisted of a 

duplex residence for two light keepers and their families.  Each duplex half comprised a living room, two 

bedrooms, kitchen, bathroom and store room, and spacious verandah back and front, with a breezeway 

between the bed and living rooms and the remainder of the house.  The rooms had ripple iron ceilings. 

Stabling and washhouses were also provided.  The Quarters were located a quarter mile from the 

Lighthouse, 'in order to obtain the necessary shelter'.  Accommodation for an unmarried light keeper is 

also reported as having been provided, but no information on this structure has been found.  All 

construction work was carried out by the Department of Public Works at an estimated cost of £17,300. 

The Radar Station is a remnant of the World War II installation established as part of Operation Potshot in 

association with Learmonth airfield and was part of a system of radar stations established in Western 

Australia the early 1940s. The Radar Station played an important role in protecting the State between 1943 

and 1946.  

In 1987, the 64 hectare Lyndon Location 22 was subdivided on Plan 14685 into Lot 4 (1,647 square metres), 

being the site of the Lighthouse, Store and Radar Station and Lot 5, which encompassed the remainder of 

the land.  Lot 5 was acquired by the Shire of Exmouth and subdivided on Plan 14686 to create Lot 2 of 

14.8 hectare incorporating the site of the Lighthouse Keepers’ Quarters and Grave.  Lot 2 was then 

purchased by Harlena Nominees Pty Ltd, who developed a tourist operation on the site with a store, 

chalets, bungalows, caravan bays, a swimming pool, gas barbeques and tennis court.  The place operated 

as the Lighthouse Caravan Park, with the Lighthouse Quarters occupied by the owner/manager.  It is likely 

during this occupation that new roof cladding was installed on the Quarters. 

The following physical evidence is taken from the heritage assessment prepared by the Heritage 

Council of Western Australia. 

Vlamingh Head Lighthouse Group is located at the northern most extremity of the Cape Range, on the 

North West Cape, 17km north of Exmouth that is located 1270km north of Perth.  Yardie Creek Road 

approaches the site from the east from Exmouth; with the Grave and the Lighthouse Quarters situated 

within the Lighthouse Caravan Park nestled at the base of the Cape Range bluff, on which the remaining 

elements of the Vlamingh Head Lighthouse Group are located.  Vlamingh Head Lighthouse Group is 

located on the south side of Yardie Creek Road, with the Lighthouse access road approximately one 

kilometre west of the caravan park, winding its way up the bluff to the highest point approximately 800 

metres along Johnson Road, where the Lighthouse and Store, are located.  A further 100 metres on the 
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east side of the bluff, on a lower platform, is the Radar Station and associated elements.  Vlamingh Head 

Lighthouse is a landmark on North West Cape. 

Quarters are located centrally within the Lighthouse Ningaloo Caravan Park.  The setting of the place has 

been impacted by the construction of a store and office in close proximity on the west frontage, the overall 

caravan park development, and storage and other operation facilities in close proximity along the rear of 

the building.  The landscaping includes various palms (Phoenix and Livistona sp) comprising mature 

specimens and more recent plantings, and windbreak plantings (possibly athel trees, Tamarisk aphylla). 

The expansive hipped tradition timber framed roof has been re-clad with zincalume and all the external 

perimeter verandahs have been enclosed with fibre sheet dado walls with St Andrew’s cross balustrade 

brace timber detailing on the exterior, per the original design, and hinged shutters above.  All of this 

treatment obscures the concrete walls and timber joinery of the pair of quarters, which include double 

hung sash windows, and panelled doors.   

The quarters are arranged symmetrically either side of a dividing wall, with original store, kitchen and 

bathrooms set back to back either side of the wall, then breezeways separating these rooms from the living 

room and two bedrooms 

The drawing shows a stable to the east, a 20,000 gallon cistern to the north, with water supply lines to 

the house, connected to 400 gallon call tanks on the verandah. The cistern was fed by roof rainwater 

collection. Though the drawings indicate a stone apron for collection, the earlier photographs indicate 

gutters in addition to this feature. There was an external wash house for each dwelling, and these had 

an attached earth closet. Waste-water was taken away from the house via a gully and disposed of by 

discharge into sumps. 

The proposed development is only associated with the lighthouse keepers’ quarters. The grave site is 

on a separate piece of land, which is surrounded on three sides by the development site. The 

development does not impact on any of the other items included as part of the suite of features 

included in the register documentation. 

Statement of Significance 

Below is the Statement of Significance taken from Register of Heritage Places. Items that need to be 

considered in this heritage impact assessment are highlight in bold text. 

Vlamingh Head Lighthouse Group, comprising Vlamingh Head Lighthouse, Store, Quarters and 

Grave (1912), Exmouth 31 Radar Station and associated remnants (1943-46) and track has 

cultural heritage significance for the following reasons: 

the Lighthouse Quarters is rare as a duplex light keepers’ residence; 

the place forms a cohesive cultural environment in the harsh natural land and sea scape, 

sharing the aesthetic character of concrete and steel elements, and is a landmark from 

both the land and the sea; 
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the Radar Station and Vlamingh Head Lighthouse played an important role for the 

surveillance functions of the State between 1912 and 1967; 

the Vlamingh Head Lighthouse and associated buildings were an important part of the 

development of coastal lights in Western Australia during the early 20th century; 

the Radar Station is a remnant of the installation established as part of a system of radar 

stations in Western Australia during World War II; 

the place is associated with construction worker Joseph Frank Reddy whose grave is a 

stark reminder of the harshness of life in isolated locations of the North West in the early 

20th century; and, 

Vlamingh Head Lighthouse is a good representative example of shuttered stone 

construction from the early 1900s. 

The concrete blocks at the lookout are of little heritage significance, and the telescope is of no 

significance. 

Note that the grave is a small area that is excluded from the lease, located on the existing access 

road’s edge. 

Conservation Policy 

A number of conservation plans have been prepared for the suite of places including Conservation 

Plan, Vlaming (sic) Head Lighthouse, Exmouth, prepared by KTA Partnership for the Department of 

Administrative Services in 1992, Exmouth 31 Radar Station Conservation Plan, prepared by Wood 

Fiocco and Associates in 1995, and also a conservation works report, Vlaming (sic) Head Lighthouse 

and Store , Exmouth Final Report prepared by Palassis Architects for the Heritage Council in 2001. 

None of these documents touch on the quarters, other than in passing, though the KTA CP does 

provide working drawings of the quarters, in the form of plans, sections, elevations and some details.  

In 1987, Lot 2 was purchased by Harlena Nominees Pty Ltd, who developed a tourist operation on the 

site with a store, chalets, bungalows, caravan bays, a swimming pool, gas barbeques and tennis court.  

It is likely that the conservation plans did not include the quarters because they were in a separate 

ownership at the time of preparation. 

In the absence of specific guidance of a conservation plan, and given the rarity of the quarters, their 

treatment is cautious and adheres to the Australia ICOMOS Burra Charter articles in relation to relative 

significance, conservation and adaptation. 

The setting has changed by the current use for a considerable time, and the improvement works in 

this proposal will improve the presentation for the place. 
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It is unknown whether or not any of the service features described in the original plans might remain 

in place. 

Proposals 

In the overall context, the immediate proposed development involves redevelopment of the existing 

caravan park to provide a range of accommodation options with adaptation of the former Lighthouse 

Quarters for use as the main reception, concierge and bar.  The developments’ adaptation of 

significant fabric is restricted to the Lighthouse Quarters. No change is proposed to the other elements 

of the significant built fabric of the site. The grave site is not part of the leased area and is unaffected 

by the proposal. 

The works listed relate to the Lighthouse Quarters only. 

A Demolition 

The scope of demolition includes the following: -  

• Removal of tiles and concrete screed on timber verandah floor. 

• Removal of existing timber verandah flooring which is in poor condition 

• Removal of enclosing lining to the verandah balustrade. 

• Removal of shutters to outside line of the verandah. 

• Removal of steel channels to outside face of existing timber posts. 

• Demolition of part of one dividing internal wall to west wing, nibs retained. 

• Demolition of all internal walls & fireplace to central block of the Quarters with nibs retained. 

The walls are interpreted by leaving the walls above the openings and interpreting them in 

the floor patterns. 

• Widen and extend windows to south wall of the central block to form compliant double door 

access. The openings at present are windows to stores. 

• Remove doors to central block, fix one in a closed position. 

B Construction 

The following work is proposed in this development application: - 

• Enclosing door and sidelights to each end of the breezeways. 

• New toilet facilities to east wing at the southern end. 

• New external ramp. 

• New windows to existing openings where required 

• New double doors to the south elevation of the central block. 

• New timber verandah at higher level to provide compliant access to doorways 

• Internal cabinetry fitout to the central block 

• New services throughout 

• Provide new steel support frame for the existing roof structure. 
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C Conservation Works 

The approach adopted for the house is to enhance its present deteriorated state by conservation of 

the existing elements to the extent that is possible with the adaptation requirements, and to present 

and interpret it to a high standard. The following conservation works will be undertaken: - 

• Reinstate St. Andrews Cross balustrading; 

• Reinstate timber flooring to the verandah and interior spaces; 

• Install external storm battens to roof to documentary evidence; 

• Restore render to external walls and reinstate quoining around openings; 

• Repair and repaint retained windows; 

• Repair and repaint retained doors; 

• Repaint originally painted surfaces with colours based on investigations of original colour 

schemes. 

• Interpretation of removed walls in the ground plane by retaining nibs, finishing the removed 

section of wall flush with the floor and polishing the concrete floor finish. 
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Impacts and Mitigation 

In this assessment, the proposals have been measured against the heritage values outlined in the 

Statement of Significance. 

Heritage values  Potential Impact Analysis Heritage Impact Statement - 
Degree and Intensity of Impacts 

The Lighthouse Quarters is rare as 
a duplex light keepers’ residence. 

Potential to reduce the reading of 
the quarters as a duplex and 
residence through loss of spatial 
integrity due to demolition of 
internal dividing elements. 

The amount of internal demolition 
has been limited to that necessary 
for a reception function. 

Negative Impact. 

Mitigated through: 
Retention of nibs and a ground 
plane indication for removed 
walls.   
Maintenance of symmetry in new 
works. 
Reinstatement of verandah 
elements and general external 
conservation. 

The place forms a cohesive 
cultural environment in the harsh 
natural land and sea scape, 
sharing the aesthetic character of 
concrete and steel elements, and 
is a landmark from both the land 
and the sea. 

The cultural environment remains 
intact. 

No Impact 

The Radar Station and Vlamingh 
Head Lighthouse played an 
important role for the surveillance 
functions of the State between 
1912 and 1967. 

The development is confined to 
Lots 2, 6 and 319 Yardie Creek 
Road so that there is separation 
between these features and 
therefore no impact. 

No Impact 

The Vlamingh Head Lighthouse 
and associated buildings were an 
important part of the 
development of coastal lights in 
Western Australia during the early 
20th century 

This is an historic value and is not 
impacted upon by the 
development. 

No Impact 

The Radar Station is a remnant of 
the installation established as part 
of a system of radar stations in 
Western Australia during World 
War II 

The development is confined to 
Lots 2, 6 and 319 Yardie Creek 
Road so that there is separation 
between these features and 
therefore no impact. 

No Impact 

The place is associated with 
construction worker Joseph Frank 
Reddy whose grave is a stark 
reminder of the harshness of life in 
isolated locations of the North 
West in the early 20th century. 

The gravesite is outside of the 
development area. No work to be 
undertaken in this area. 

No Impact 
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Heritage values  Potential Impact Analysis Heritage Impact Statement - 
Degree and Intensity of Impacts 

Vlamingh Head Lighthouse is a 
good representative example of 
shuttered stone construction from 
the early 1900s. 

No work to the lighthouse. No impact 

 

Conclusion 

In this assessment, the proposals were measured against the Statement of Significance, and overall, 

the works will retain the place’s core heritage values.  

This assessment concludes that there are minor negative impacts on the heritage values of the place 

in localised parts, but that this is mitigated by the conservation and presentation of the quarters to a 

high standard. 
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Photographs 

 

Photograph 1 North Elevation with central deck.  BCWA report, September 2016 

 

Photograph 2  West elevation.  Kerry Hill Architects, September 2019 
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Photograph 3  East elevation.  Kerry Hill Architects, September 2019 
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Photograph 4  Northern deck.  Kerry Hill Architects, September 2019 
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Photograph 5  Steel channels fixed to existing timber posts. Note corrosion to base of the steel and 
deterioration of the floorboard ends.  Kerry Hill Architects, September 2019 
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Photograph 6  Outdoor area to southern side of the former quarters.  Kerry Hill Architects, September 2019 

 

Photograph 7  Detail of concrete screed on verandah timbers.  Kerry Hill Architects, September 2019 
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Photograph 8  Typical breezeway. Timber floors have been screeded and tiled, walls have been rendered.  

Kerry Hill Architects, September 2019 
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Photograph 8  Typical enclosed verandah. The entire roof was replaced after the loss of the roof in a cyclone.  

The replacement is steel framed and set a higher level than the original. Kerry Hill Architects, 

September 2019 
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Photograph 9  Fireplaces to original living spaces have been modified to provide kitchen facilities (pictured) 

and robes.  The remnants of the removed walls and hearth remain in the floor. Kerry Hill 

Architects, September 2019 
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Historic Plans 

 

Figure 2 Lightkeepers Quarters Drainage Plan, Keen C, Conservation Plan  
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Figure 3 Lightkeepers Quarters Elevations & Floor Plan, Keen C, Conservation Plan  
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Figure 4 Lightkeepers Quarters Details & Section, Keen C, Conservation Plan 
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EXECUTIVE SUMMARY 

Project proponents, Northwest Resorts Pty Ltd (NWR), are proposing to construct and operate the 

Ningaloo Lighthouse Resort Development on the footprint of an existing campground and caravan 

park on north western Cape Range, Western Australia.  

The proposed resort is located in the vicinity of known nesting habitat for marine turtles which are 

protected under both State and Federal legislation. Light from the project is recognised as a source of 

potential impact on these biological receptors and therefore a preliminary Artificial Light Management 

Plan (ALMP) was prepared by Pendoley Environmental (PENV) in December 2020. The ALMP will be 

finalised by incorporating the results of this benchmark marine turtle hatchling and light monitoring 

survey. The US owned, and Australian Department of Defence (DoD) operated, Space Surveillance 

Telescope (SST) was also recognised as potentially being impacted by artificial light from the project. 

Benchmark light monitoring conducted at the SST site will also be incorporated into the final ALMP.  

Beaches were surveyed for emerged marine turtle nests between the 10th and 18th February 2021. Fan 

metrics were collected from 257 nests between the Wobiri and Mildura Wreck East beach sections. 

Overnight light monitoring data was also collected at 11 monitoring sites, including at the SST. 

The survey results show that glow from the regional light sources, including Exmouth, Harold E Holt 

base, and the antenna array are visible from all monitored sites (including the SST), while offshore oil 

and gas facilities (due north of the NW Cape) were also visible from monitoring sites on north facing 

beaches and at the SST. The results suggest the current sky quality across all sites is equivalent to a 

rural sky on the Bortle scale (approx. 21.69 – 21.89 Vmag/arcsec2), declining to rural/suburban 

transition quality (20.49 – 21.69 Vmag/arcsec2) when cloud cover reflects the local light sources across 

the landscape.  

Nest fan metrics were collected from 257 nests (green turtle = 196; hawksbill/loggerhead turtle = 22; 

and unknown species = 39) and grouped into four regional beach sections. The largest mean spread 

angle was recorded for those nest fans situated within the Hunters to Lighthouse Bay Parking section 

(53.6 ± 17.1°; n = 10) and the smallest mean spread angle on Surf Beach South to Mildura Wreck 

section (36.2 ± 17.3°; n = 62). The largest mean offset angle was recorded for those nest fans situated 

within the Ningaloo Coast West section (9.6 ± 8.9°; n = 180) and the smallest mean offset angle on 

Mildura Wreck to Mildura Wreck East section (3.8 ± 2.6°; n = 7). The overall spread and offset angles 

were 40.7 ± 17.3° and 8.6 ± 8.2 (n = 257), respectively. 

The spread and offset angles indicate the hatchlings across the region are orienting normally and are 

successful in sea finding. Further statistical analyses investigated the difference between beach 

sections based on the line-of-sight visibility to the project location (i.e. beaches with no line-of-sight 

vs beaches with line-of-sight) and found that there was no significant difference in fan spread between 

the two habitat groupings (p = 0.86) however there was a significant difference in fan offset (p = 0.015).  

Integration of hatchling fan data situated within 1 km either side of three light monitoring sites 

including Wobiri (shielded from the project site by the Cape Range in the Ningaloo Coast West Area), 

Tamarisk (situated immediately in front of the project site) and Surf Beach (situated north-east and in 

line-of-sight of the project site) showed that hatchlings oriented seaward and not in the direction of 

the sky glow that was visible on the horizon at each site.  
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This report has established the benchmark metrics for hatchling fan and regional light pollution against 

which the project can be monitored during construction and future operations.  
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1 INTRODUCTION 

The Ningaloo Lighthouse Resort Development (the project) involves the construction and operation 

of a tourist resort on the footprint of a 30+ year old campground and caravan park on north western 

Cape Range, Western Australia. The project proponent is Northwest Resorts Pty Ltd (NWR). 

The proposed resort village is located in the vicinity of known nesting habitat for marine turtles (Figure 

1) which are protected under both State and Federal legislation, and consequently any action that has 

the potential to impact on the populations or their habitat must be assessed and managed to the 

satisfaction of the regulators (Commonwealth of Australia 2017, 2020). The project is recognised as 

potentially impacting on these sensitive biological receptors and hence a formal impact assessment 

and management plan was required. A preliminary Artificial Light Management Plan (ALMP) was 

prepared in December 2020 (PENV 2020) and will be finalised by incorporating the results of this 

Marine Turtle and Light Monitoring Program.  

In addition to the recognised sensitive biological receptors, socioeconomic receptors such as the US 

owned and Australian Department of Defence (DoD) operated Space Surveillance Telescope (SST), was 

also recognised as being potentially impacted by artificial light from the project. The SST detects and 

tracks orbital debris in addition to near Earth asteroids and is an important contributor to the US 

Global Space Surveillance network (DoD 2014). Benchmark artificial light monitoring was conducted 

at the SST site and the results will also be incorporated into the final ALMP.  

1.1 Scope of Work and Objectives 

The preliminary ALMP objectives recognised that the following work scopes were required: 

i. Collection of benchmark marine turtle hatchling orientation data at potentially impacted 

nesting beaches. 

ii. Collection of in-situ benchmark artificial light monitoring data from nesting beaches and the 

SST. 

The purpose of this monitoring report is to present the results of the February 2021 benchmark marine 

turtle and artificial light monitoring survey that will be subsequently incorporated into a final version 

of the ALMP. 
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Figure 1: Location map of overall monitoring area including the extent of each 
beach section. 
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2 METHODOLOGY 

2.1 Survey Location 

All monitoring activities were completed within the beach sections shown in Figure 1. The selection 

of beach sections took into consideration the monitoring divisions of the Ningaloo Turtle Program 

(DBCA 2020).  

 Lighthouse Bay Area 

The Lighthouse Bay Area is situated immediately north and north east of the resort site (Figure 1). The 

beach due north and immediately adjacent to the project location is separated from the project site 

by a well-developed 10 – 12 m tall dune system. The beaches extending to the north east are backed 

by well developed dune systems that shield the beaches from light in the south and east. 

The beach sections surveyed in this area extended from Hunters to the Lighthouse Bay Parking (1.8 

km), Surf Beach South to Mildura Wreck (3.7 km), and from Mildura Wreck to Mildura Wreck East (0.5 

km), for a total survey beach length ~6 km. The beaches are located between 200 m (north) and 5.7 

km (north east) from the project site. These beaches have potential for line-of-sight view to the project 

site. 

 Ningaloo Coast West Area 

The Ningaloo Coast West Area is situated along the western coast of the North West Cape. Three 

separate beach sections were monitored in this area (Trisel to 5 Mile North, Wobiri to Jacobsz, and 

Jacobsz to Hunters) covering a total length of 5.5 km (Figure 1). The beach sections are located 

between 1 km (west north west) and 9 km (west and south west) from the project site. All three beach 

sections are shielded from direct line-of-sight view to the project site by the Cape Range.  

 Space Surveillance Telescope 

The SST is located 10 km south southwest of the project location (Figure 1) and has direct line-of-sight 

to the project site.  

2.2 Survey Schedule 

The field survey was completed over an 8-day period between the 10th and 18th February 2021 and 

involved marine turtle hatchling orientation and artificial light monitoring work scopes (Tables 1 and 

2). The field survey was scheduled to coincide with the peak green turtle (Chelonia mydas) hatching 

period for the Exmouth area (February – March) and new moon conditions (important for light 

monitoring). 

All work scopes were completed as planned during the survey period. Survey design was finalised 

following an on-the-ground inspection of regional beaches and access tracks on days one and two of 

the field survey. The survey effort was concentrated on beaches closest to the project site and those 

with most direct line-of-sight to the project site.  
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 Artificial Light Monitoring 

Artificial light monitoring was completed over eight survey nights and involved the deployment of 

Sky42 cameras. The deployment locations were selected based on nesting effort recorded by the 

Ningaloo Turtle Program (DBCA 2020), distribution of observed hatched nests and the proximity to 

the project site (Table 1 and Figure 1). The SST was surveyed over three nights from two different 

camera locations, one immediately adjacent to the facility and one 200 m away, both with line-of-

sight visibility to the project location, the Town of Exmouth and the Harold E Holt (HEH) facilities.  

Table 1: Sky42 camera deployment location and survey dates. 

 Hatchling Orientation Monitoring 

Hatchling orientation monitoring was completed over seven survey days. The survey beaches were 

selected based on nesting effort recorded by the Ningaloo Turtle Program (DBCA 2020), distribution 

of observed hatched nests and the proximity to the project site (Table 2 and Figure 1).  

The frequency, duration, and location of sampling effort for the hatchling orientation work scope is 

shown in Table 2. Factors impacting survey effort and coverage included track access (2WD only), wind 

and rain erasing hatchling tracks, driving restrictions (rental contract restricted vehicle use too day 

light only) and heat stress risk for field team members.  

Beaches with most direct line-of-sight to the project and located within 5 km of the project site 

(Lighthouse Bay Area) were surveyed over five separate days, beaches between Hunters and Jacobsz 

(Ningaloo Coast North) 0.5 km – 2.7 km due west of the project were surveyed over four separate 

days, while Wobiri to Jacobsz (Ningaloo Coast North) 2.7 – 5 km south west and the beaches 7 – 9 km 

south west (Ningaloo Coast South) were surveyed twice (Table 2).  

  

Artificial light monitoring site  
Survey date (February 2021) 

10th 11th 12th 13th 14th 15th 16th 17th  

SST X  X    X  

Surf Beach  X   X    

Surf Beach North  X       

Tamarisk   X X     

Mildura Wreck East    X     

Hunters     X X   

Wobiri      X   

Lighthouse Bay Parking        X  

Vlamingh Head        X 

Project Site (Villas)        X 
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Table 2: Hatchling orientation survey beach sections including monitoring effort and dates.  

Survey section 
Length 

(km) 
Survey date (February 2021) 

11th 12th 13th 14th 15th 16th 17th 

LIGHTHOUSE BAY AREA 

Mildura Wreck to Mildura Wreck East  0.5 X X X X   X 

Surf Beach South to Mildura Wreck  3.7 X X X X   X 

Hunters to Lighthouse Bay Parking  1.8  X X X   X 

NINGALOO COAST WEST AREA 

Jacobsz to Hunters 3.5   X X X X  

Wobiri to Jacobsz 2     X X  

Trisel to 5 Mile North 2.3     X X  
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2.3 Work Scopes 

 Artificial Light Monitoring 

Sky42 cameras were deployed on tripods (set at a height above nearest vegetation) by the field team 

each afternoon and left unattended until their retrieval by the field team the next morning. The 

cameras automatically captured images of night-time light emissions on a 360° horizon at 15-minute 

intervals between sunset and sunrise. The captured imagery was downloaded, cameras charged and 

cleaned, and redeployed each afternoon. The light monitoring work scope was undertaken in 

accordance with PENV’s Light Monitoring Standard Operating Procedure (SOP) (PIMS-SOP14). 

 Hatchling Orientation Monitoring 

A nest fan was recorded if six or more hatchling tracks were sighted from a hatched clutch (defined by 

a depression in the sand from which the hatchling tracks were seen to emerge). A sighting compass 

was used to measure angles of the fan of tracks from the emergence point to where the tracks cross 

the high tide line on a flat beach surface (reducers variation caused by undulating nesting landscapes 

i.e. from body pits made by nesting turtles), or at a distance of 5 m, whichever is greater (vectors A 

and B; Figure 2). Angles measured include the outer tracks that form the outside arms of the fan (A 

and B angles) and the most direct line to the ocean (X) (Figure 2). The approach allows for 

determination of both the range of dispersion or ‘spread’ angle of emergent hatchlings and the degree 

of deflection or ‘offset’ angle from the most direct route toward the ocean. Any evidence of predation 

surrounding hatched nests was also recorded by the field team. 

 

Figure 2: Hatchling orientation indices and emergence spread and offset angles. 

A GPS location was recorded at the emergence point of every nest surveyed and a circle drawn in the 

sand around the depression, and a line drawn through all hatchling tracks, to ensure the same nest 

fan was not recorded on subsequent monitoring days. The work scope was undertaken in accordance 

with PENV’s Hatchling Orientation SOP (PIMS-SOP04). 
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2.4 Data Analysis 

 Artificial Light Monitoring 

2.4.1.1 Identification of Light Sources 

Existing artificial light sources identified in the preliminary ALMP as potentially visible from the turtle 

nesting beaches and the SST included; offshore oil and gas industry lighting, onshore lighting 

associated with the HEH base, antenna array, VLF antenna, and the town of Exmouth. 

2.4.1.2 Data Processing 

The quality of an image captured by a Sky42 light monitoring camera can be influenced by atmospheric 

factors such as the presence of the moon, twilight, rain, dust, humidity, or physical factors such as 

accumulation of sand on the lens. Any images that were affected by these factors were removed from 

the analysis. 

All remaining images were batch processed using specialised software (Sky Quality Camera, Euromix 

Pty Ltd). The processing involved converting each image into a false-colour map and calculating three 

sky brightness metrics in units of Vmag/arcsec2: 

• Zenith (directly overhead, 0 – 30° field of view); 

• Whole of sky (0 – 90° field of view); and 

• Horizon (60 – 90° field of view). 

For each monitoring site, the clearest night was selected and all images recorded on that night were 

processed. The image with the median whole-of-sky brightness image was then used to represent light 

levels at that location. 

Note that the colours used in the false-colour map represents the scale of intensity of light and is not 

representative of the colour of light as perceived by a human/turtle eye or Sky42 camera. 

Furthermore, the units of sky brightness (Vmag/arcsec2) are on an inverted logarithmic scale i.e. higher 

values represent lower intensity light, while lower values represent higher intensity light. The zenith 

brightness values can be interpreted using the Bortle scale sky quality guide shown in Table 3.  

Table 3: Night Sky quality range, Bortle scale, and Vmag/arcsec2 (Source: Bortle 2001). 

Sky quality Approx. Vmag/arcsec2 Bortle class 

Excellent dark sky site 21.99 – 22.00 1 

Typical dark site 21.89 – 21.99 2 

Rural sky 21.69 – 21.89 3 

Rural/suburban transition 20.49 – 21.69 4 

Suburban 19.50 – 20.49 5 

Bright suburban 18.94 – 19.50 6 

Suburban/urban transition 18.38 – 18.94 7 

City  <18.38 8 

Inner city sky <18.38 9 
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The processed median image was subdivided into 1° segments within the horizon field of view (60 – 

90°) (the area most relevant to hatchlings). The mean light intensity value within each segment was 

calculated and plotted on a line graph. The line graph is used to identify the areas of highest light 

intensity along the horizon, with comparisons over subsequent seasons allowing for changes in light 

intensity and its location to be identified (if required). The graph is also integrated with hatchling fan 

data and allows the orientation of the hatchlings to be compared with the direction of light at the 

nesting beach (see Section 3.2.2). 

 Hatchling Orientation Monitoring 

Hatchling orientation data was analysed to provide: 

• The range of dispersion (spread angle) of tracks from the emergence point: Describes the 

degree of dispersion of all hatchling pathways toward the ocean. A larger value indicates greater 

dispersion or variation in ocean finding bearings and may indicate disruption to natural 

hatchling sea finding ability.  

• The degree of deflection (offset angle) of tracks from the most direct route to the ocean: A 

smaller value indicates a more direct route (i.e. less deviation from the most direct route) and 

a larger value demonstrates greater deviation from the most direct route which may indicate 

disruption to natural hatchling sea finding ability. 

Hatchling orientation data was grouped into four separate datasets according to proximity to the 

project location and analysed separately. The groups included the three beach sections within the 

Lighthouse Bay Area (Table 2), and the Ningaloo West Area (all beach section were combined, Table 

2). 

The hatchling orientation data was further grouped into two separate datasets according to the line-

of-site visibility to the project location. This allowed a comparison of fan metrics recorded on nesting 

habitat with no line-of-sight to the project location with fan metrics recorded on nesting habitat with 

potential for direct line-of-sight or greater exposure to project related light glow. Nesting habitat with 

no line-of-sight included all beach sections within the Ningaloo West Area and habitat with potential 

line-of-sight included Hunters to Lighthouse Bay Parking and Surf Beach South to Mildura Wreck 

sections. A Wilcox Mann-Whitney test was used to assess if there was any statistical difference 

between the two datasets. 

 Integration of Hatchling Orientation and Artificial Light Data 

The effect of artificial light on hatchling fan orientation was assessed for three representative locations 

in the survey area. These locations were Wobiri (Ningaloo Coast West, no line-of-sight to the proposed 

project), Tamarisk (beach immediately adjacent to and closest to the project site) and Surf Beach (line-

of-sight visibility to project location). 

Hatchling fan spread and offset metrics from nest fans situated within 1 km either side of three 

artificial light monitoring sites (Wobiri, Tamarisk, and Surf Beach) was processed and integrated with 

the light monitoring data from those sites. The purpose of filtering nest fans based on their spatial 

location was to ensure a suitable comparison between the nest fan and sky brightness recorded by 

the Sky42 camera at that site.  
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3 RESULTS 

3.1 Artificial Light Monitoring 

 Night-time Light Emissions 

The median level of artificial light during the clearest night sky monitoring conditions for each site are 

shown in Table 4.  

Sky brightness values ranged from 21.48 – 21.82 Vmag/arcsec2 at zenith (directly overhead), 21.26 – 

21.52 Vmag/arcsec2 for the whole of sky, and 21.00 – 21.41 Vmag/arcsec2 for the region of sky 30° 

above the horizon.  

3.1.1.1 Zenith 

The darkest zenith value (21.82 Vmag/arcsec2) was measured at both the project site and the 

Vlamingh Head Lighthouse. The brightest zenith value was recorded at the Lighthouse Bay Parking 

(21.48 Vmag/arcsec2). 

3.1.1.2 Whole of Sky 

The darkest whole of sky value (21.52 Vmag/arcsec2) was measured at Hunters. The brightest whole 

of sky value was recorded at the Lighthouse Bay Parking (21.25 Vmag/arcsec2).  

The whole of sky values reported at all monitoring sites fell into the range of Bortle Class 3 defined as 

a rural sky (21.69 – 21.89), indicating some exposure to artificial light at all sites.  

3.1.1.3 Horizon 

The darkest horizon value (21.41 Vmag/arcsec2) was measured at Hunters. The brightest horizon value 

was recorded at the Vlamingh Head Lighthouse (21.00 Vmag/arcsec2) and the SST (21.03 

Vmag/arcsec2).  

Table 4: Sky brightness at each monitored site in February 2021. Orange = brightest values, blue = 
darkest values. 

Light monitoring site 
Sky brightness (Vmag/arcsec2) 

Zenith  
(0 – 30°) 

Whole of Sky   
(0 – 90°)  

Horizon  
(60 – 90°) 

Wobiri 21.68 21.49 21.33 

Hunters 21.76 21.52 21.41 

Tamarisk 21.78 21.42 21.20 

Lighthouse Bay parking 21.48 21.25 21.18 

Surf Beach 21.65 21.4 21.34 

Surf North 21.71 21.4 21.31 

Mildura East 21.79 21.47 21.32 

Project Site (Villas) 21.82 21.35 21.09 

Vlamingh Head  21.82 21.26 21.00 

SST 21.78 21.28 21.03 
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 Visibility of Individual Light Sources 

The visibility of the different regional light sources from the ten monitoring (observer) sites is shown 

in Table 5, Figures 3 - 5, and in Appendix A (complete set of annotated images).  

3.1.2.1 Antenna Array 

The antenna array was visible from every monitoring site i.e. from Mildura East, Surf North, Surf, 

Lighthouse, Tamarisk, Hunters, Wobiri, Project Site (Villas), Vlamingh Head Lighthouse, and the SST 

either as line-of-sight or as sky glow.  

3.1.2.2 Harold E Holt Base and Exmouth 

The light from the HEH base and from Exmouth were directly visible as individually resolved sources 

from the SST).  

At all other beach-based monitoring sites there was no direct line-of-sight visibility of these sources 

due to shielding by the primary dune system and in all cases the light from the two sources was merged 

into a single region of sky glow at the horizon (e.g. Figure 6). The light from Exmouth, HEH base, and 

the antenna array was merged into a single region of sky glow when viewed from Mildura East 

monitoring site, while sky glow from Exmouth/HEH was not detected from the Surf Beach monitoring 

site.  

Light from Exmouth and the HEH base was directly visible from both the project site (Villas), and the 

Vlamingh Head Lighthouse monitoring sites, however the orientation of the two sources relative to 

the monitoring sites meant the two sources appeared as a single source of light on the horizon.  

3.1.2.3 Offshore Oil and Gas Facilities 

Direct light and sky glow attributed to flares from two offshore oil and gas installations were visible 

intermittently due to either cloud overhead at the rig location reflecting light into the sky, or increased 

flow rates producing larger and more visible flares (Figure 3 and Appendix A). The two offshore 

facilities identified from https://www.lightpollutionmap.info/ (2020 VIIRS data) are located 29 km         

(-21.53924, 114.11620) and 41 km (-21.43325, 114.06754) due north of the Lighthouse Bay coastline 

and beyond the ~20 km line-of-sight visibility at sea (Figure 4).  

3.1.2.4 VLF Antenna 

The VLF antenna could only be resolved from other light sources when viewed from the SST (Figure 3 

and Appendix A).  

3.1.2.5 Lighthouse Campground 

With the decommissioning of the Lighthouse Campground and the current human presence restricted 

to two caretakers, there was no detectable light emissions from this monitoring site during the survey.  

 Impact of Cloud 

The influence of cloud on amplifying the visibility of sky glow across the landscape is shown in Figure 

5a and 5b. Cloud cover above the source of artificial light can increase the visibility of sky glow across 

large distances, illuminating inland landscapes and beaches that might otherwise be shielded from 

direct line-of-sight of a light source. This effect was observed on all monitoring nights influenced by 

cloud.   

https://www.lightpollutionmap.info/
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Table 5: Bearing and minimum distance to regional light sources from each artificial light monitoring site in February 2021. See Figure 3 for locations. 

Light source  

Artificial light monitoring site (see Figure 3 for location) 

Mildura 
Wreck 

East 

Surf 
North 

Surf 
Beach 

L’house 
Bay 

Tamarisk Hunters Wobiri 
Project 

Site 
(Villas) 

Vlamingh 
Head 

SST 

Exmouth  
Bearing (°)          130-150 

Distance (km)          3.5-8 

Harold E Holt 
base 

Bearing (°)          70-80 

Distance (km)          3.7 

VLF antenna 
Bearing (°)          108 

Distance (km)          4 

Exmouth + Harold 
E Holt base 

Bearing (°) 190-200 180-190  170-185 170-180 160-180 140-160 165-180 170-180  

Distance (km) 15 10-14  8-12 8-12 10-13 11 8-12 9-12  

Antenna array 
Bearing (°) 160-200 120-150 100-120 90-120 90-120 90-120 80-90 85-110 90-110 35-45 

Distance (km) 2 1.7 1.7 3 4-6.5 5 9 4 4 10+ 

Offshore oil and 
gas 

Bearing (°)  355 350-355 352-358  2-355 5-360  1-350 355, 360 

Distance (km)  29-41 29-41 21-49  29-41 41  29-41 42, 29 
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Figure 3: Sky brightness at each artificial light monitoring site. Brightness scale in images 
ranges from very bright (white/red) to very dark (black). See Appendix A for complete set of 
images.  
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Figure 4: Light pollution map imagery of regional light 
sources on the NW Cape. As recorded from VIIRS satellite 
in 2020. 
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Figure 5: Artificial light monitoring results from the SST under both clear and cloudy conditions on 
16th February 2021: a. Raw image (clear); and b. (cloudy); c. Hammer-aitoff projection of the processed 
false-colour map showing location of visible light sources (clear); and d. (cloudy).  

a. b. 

c. 

d. 
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3.2 Hatchling Orientation Monitoring 

 Benchmark Hatchling Fan Indices 

A total of 257 nest fans were recorded during the field survey: 196 green turtles (Chelonia mydas), 22 

hawksbill (Eretmochelys imbricata) or loggerhead (Caretta caretta) turtles (inferred from track size 

and nest position on beach), and 39 unknown species. The mean number of hatchling tracks emerging 

from each hatched nest was: 

• Green turtle: 45.6 ± 40.3 tracks (range = 7 – 100, n = 196) 

• Hawksbill/loggerhead turtle: 47.3 ± 31.7 tracks (range = 7 – 100, n = 22) 

• Unknown species: 39.5 ± 12.1 tracks (range = 7 – 50, n = 39) 

The mean spread angle was largest on the Hunters to Lighthouse Bay Parking section (53.6 ± 17.1°, n 

= 10) and smallest on the Surf Beach South to Mildura Wreck section (36.1 ± 17.3°, n = 61) (Table 6). 

The mean offset angle was largest on the Ningaloo Coast West (9.6 ± 8.9°, n = 180) and smallest on 

the Mildura Wreck to Mildura Wreck East section (3.8 ± 2.8°, n = 6).  

A Wilcox Mann Whitney test found no significant difference in fan spread angles recorded on areas of 

nesting habitat with direct line-of-sight to the project in comparison to fan spread angles recorded on 

areas of nesting habitat with no direct line-of-sight to the project (p = 0.86). There was a significant 

difference in fan offset angles recorded between the areas of nesting habitat with different line-of-

sight (i.e. visible vs. non-visible; p = 0.015).  

Table 6: Hatchling orientation metrics for nest fan spread and offset angles. 

Survey section 
Spread angle (°) Offset angle (°) 

n 
Mean ± StDev Range Mean ± StDev Range 

Ningaloo Coast West 41.4 ± 16.6 2 – 123  9.6 ± 8.9 0 – 54.5  180 

Hunters to Lighthouse Bay Parking  53.6 ± 17.1 35 – 85  6.0 ± 6.5 0.5 – 18 10 

Surf Beach South to Mildura Wreck  36.1 ± 17.3 14 – 108  6.7 ± 5.8 0 – 28  61 

Mildura Wreck to Mildura Wreck East 46.8 ± 22.8 26 – 81  3.8 ± 2.8 0.5 – 8  6 

All 40.7 ± 17.3 2 – 123 8.6 ± 8.2 0 – 54.5 257 

 

 

  



NORTHWEST RESORTS 

LIGHTHOUSE RESORT: MARINE TURTLE AND LIGHT MONITORING PROGRAM 2021 

16 | P a g e  

 Integration of Hatchling Orientation and Artificial Light  

The metrics for nest fans situated within 1 km either side of the Wobiri, Tamarisk, and Surf Beach light 

monitoring sites are shown in Table 7. Camera deployment locations for the monitoring sites are 

shown in Figure 3. 

Table 7: Hatchling orientation metrics for nest fans situated 1 km either side of Wobiri, Tamarisk, 
and Surf Beach light monitoring sites. 

Light monitoring site 
Spread angle (°) Offset angle (°) 

n 
Mean ± StDev Range Mean ± StDev Range 

Wobiri 40.6 ± 17.8 10 – 78 9.5 ± 10.0 0 – 28.5 14 

Tamarisk 53.6 ± 18.0 35 – 85 15.4 ± 30.7 0.5 – 100.5 10 

Surf Beach 33.7 ± 15.3 1 – 69 7.7 ± 7.0 0 – 39.5 33 

The integrated hatchling fan metrics and light data for Wobiri, Tamarisk, and Surf Beach are shown in 

Figures 6 – 8. 

The results from Wobiri (Figure 6) show the nest fans within 1 km of the monitoring site had a 

moderate spread angle and were highly oriented seaward in a north westerly direction. They did not 

orient towards the peak sky glow over the antenna array in the east, nor the south easterly glow from 

the Exmouth and HEH base, and instead oriented towards the ocean (Figure 6c). 

The results from Tamarisk (Figure 7) show the nest fans within 1 km of the monitoring site had a large 

spread angle but oriented seaward in an overall northerly direction. They did not orient towards the 

peak sky glow over the antenna array in the east, nor the southerly glow from the Exmouth and HEH 

base, and instead oriented towards the ocean (Figure 7c). 

The results from Surf Beach (Figure 8) show the nest fans within 1 km of the monitoring site had the 

smallest spread angle compared to the other two sites (Wobiri and Tamarisk) and were highly oriented 

seaward in a westerly direction. They did not orient towards the peak sky glow over the antenna array 

in the east, and instead oriented towards the ocean (Figure 8c). 
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Figure 6: Artificial light and hatchling orientation monitoring results from Wobiri: a. Median raw 
image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 
(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 
spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 
showing location of visible light sources. Sky42 image captured on 15th February 2021.   

a. b. 

c. 

d. 
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Figure 7: Artificial light and hatchling orientation monitoring results from Tamarisk: a. Median raw 
image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 
(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 
spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 
showing location of visible light sources. Sky42 image captured on 12th February 2021. 

  

a. b. 

c. 

d. 
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Figure 8: Artificial light and hatchling orientation monitoring results from Surf Beach: a. Median raw 
image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 
(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 
spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 
showing location of visible light sources. Sky42 image captured on 14th February 2021.  

a. b. 

c. 

d. 
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3.3 Predation 

Evidence of nest/hatchling predation observed during the survey (Figures 9 and 10) included: 

• Dog/dingo; 

• Varanid lizard; 

• Silver gull; and 

• Ghost crab. 

The level of ghost crab activity and predation activity on the Ningaloo Beaches was markedly greater 

than what has been observed on rookeries in the Pilbara or Kimberley. Predation behavior was 

inferred from; placement of crab holes over nests, the scale of beach coverage with crab tracks, and 

patterns of crab tracks mixed with hatchling tracks and drag marks around crab holes. This was 

observed on all beaches surveyed and is assumed to be the prime source of predation of hatchlings 

on these beaches.  

On day one of the survey, evidence of human digging into seven nests was recorded north of Surf 

Beach.  

   

Figure 9: Crab predation of nests and hatchlings (left and centre), ghost crab (right). 

 

Figure 10: Dog/dingo tracks, unaccompanied by human footprints.
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4 DISCUSSION 

4.1 Artificial Light Monitoring 

The existing light sources located on or near the North West Cape include the Naval Communications 

Station Harold E Holt (HEH) base, the HEH antenna array, the VLF antenna, the town of Exmouth, and 

two offshore Floating Production Storage and Offloading facilities.  

The antenna array sits on a 400 hectare site supporting twelve 300 – 380 m tall antenna towers. The 

HEH base facilities are located on a ~50 hectares site situated 8 km south of the antenna field and 

both are illuminated at night by security lighting. The town of Exmouth also covers over 400 hectares 

and is illuminated by street, commercial, and residential lighting. To the north of the northern tip of 

Cape Range are oil and gas floating production storage and offloading (FPSO) facilities comprising a 

large floating oil and gas processing facility and flare stack which are permanently illuminated for 

worker safety. During normal operations a pilot flame maintains the flare which burns the produced 

gas that is diverted to the flare during commissioning, unplanned events, emergencies and planned 

maintenance.  

The results of the benchmark light monitoring survey found light from the current naval and urban 

sources was visible from the SST and on all monitored regional turtle nesting beaches between Wobiri 

on the Ningaloo coast and Mildura Wreck East at the northern most tip of the North West Cape. The 

visibility of the individual light sources varied depending on shielding by topography (i.e. dunes or the 

Cape Range), cloud cover, and gas flow rates in the offshore flares. Regionally, the antenna array was 

the most visible, detected in images from every monitored site. With the exception of one monitoring 

site (Surf Beach), Exmouth and the HEH base were also visible from all locations thought it is likely the 

visibility would increase when cloud cover is present.  The two FPSO facilities are located over the 

curve of the horizon and so the visibility of them varied with flaring rates and the presence of cloud 

overhead at the FPSO site. They were also visible from most beach monitoring sites, including the SST 

and from the elevated monitoring sites at the project site (Villas) and the Vlamingh Head Lighthouse.  

The location of the project site relative to the SST means that any light from the project will introduce 

sky glow into a region of the SST monitoring horizon that is currently dark.  

The sky quality was relatively consistent across the monitoring sites and all of sky brightness was 

representative of a rural sky, defined as “light pollution evident on the horizon and clouds illuminated 

near the horizon while it is dark overhead” (Bortle 2001). The amplifying effect of clouds on sky glow 

was evident at the SST on 16th February 2021 where the whole of sky brightness was 21.26 

Vmag/arcsec2 under a clear sky which increased substantially to 20.53 Vmag/arcsec2 when clouds 

reflected the light from Exmouth, HEH, and the antenna array across the entire landscape (Figure 5). 

4.2 Hatchling Orientation  

Three species were recorded during the fan monitoring survey, green (76%), hawksbill or loggerhead 

(8%) and unknown (15%). Species was assigned by experienced biologists based on track size and gait, 

visible shell fragments, live hatchings emerging and nest placement. No nests were dug to confirm 

species.  
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The small range in fan spread and offset results indicate that hatchlings navigated to the ocean 

successfully from most of the monitored beach sections. Exceptions were for nests emerging inside a 

dune blowout, where the lack of a strong horizon cue (due to the absence of a dune) resulted in a 

broader scattering of the hatchling tracks. This, together with the long distances traversed by the 

hatchlings, often prevented the identification of the emergence point at which nest fan metrics are 

collected. Consequently, data from dune blowout areas could not be reliably collected.  

The metrics of nest fans recorded on beach sections characterized by high density nest craters were 

also less directed due to the effect of the craters on hatchling navigation i.e. crawling hatchlings 

constantly fall into holes and have to crawl out again before being able to reorient seaward resulting 

in a much less directed seaward crawl than observed flat beaches with less cratering. This, together 

with the effects of a very small sample size, was likely the cause for the largest mean fan spread angle 

that was recorded on the beach section immediately in front to the project location (Hunters to 

Lighthouse Bay Parking; Figure 1). This area is also characterized by large dune blow out habitat which 

prevented reliable collection of fan metrics.  

The comparison of fan metrics between nesting habitat with no line-of-sight to the project location 

(Ningaloo Coast West), and nesting habitat with potential for direct line-of-sight and or greater 

exposure to project related light glow (Hunters to Lighthouse Bay Parking and Surf Beach South to 

Mildura Wreck) found fan spread was not significantly different between the two areas, however 

there was a significant difference in fan offset. The difference in fan offset was likely due to the effects 

of a higher density of nest craters across large sections of Ningaloo Coast West beach influencing the 

directedness of the hatchling orientation from the ocean.  

Regionally, hatchlings were successful in sea finding despite the wide-spread visibility of existing light 

sources including Exmouth, the HEH base, and antenna array situated onshore, and the oil and gas 

facilities situated offshore. 

4.3 Conclusion 

All monitoring activities were successfully completed during the survey and met the objectives of 

benchmark light and hatchling fan monitoring as outlined by the preliminary Artificial Light 

Management Plan.  

Existing regional light sources, including Exmouth, the Harold E Holt naval base, antenna array, and 

VLF antenna situated onshore, and two FPSO facilities situated offshore are visible from all nesting 

beaches and from the SST. No light is visible from the decommissioned Lighthouse Campground on 

the project site.  

Sea finding by turtle hatchlings emerging from regional nesting beaches was consistent across the 

monitored beaches with most hatchling fans successfully orienting seaward and appeared unaffected 

by the current levels of visible regional sky glow.  

The sky quality at the SST was representative of a rural sky under clear conditions (21.26 

Vmag/arcsec2) however this quality was reduced to a rural/suburban transition when clouds were 

present (20.53 Vmag/arcsec2). 
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Appendix A: Complete set of Sky42 images from all monitoring sites



 

 

 

A1: Artificial light monitoring results from Wobiri on 15th February 2021: a. Median raw image; b. Median false-
colour map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) 
sky brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-
aitoff projection of the circular false-colour map showing location of visible light sources.   
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A2: Artificial light monitoring results from Hunters on 14th February 2021: a. Median raw image; b. Median 
isophote map c. Equirectangular panorama of the circular isophote map showing location of visible light sources. 
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A3: Artificial light monitoring results from Tamarisk on 12th February 2021: a. Median raw image; b. Median false-
colour map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) 
sky brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-
aitoff projection of the circular false-colour map showing location of visible light sources.  
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A4: Artificial light monitoring results from Surf on 14th February 2021: a. Median raw image; b. Median false-colour 
map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) sky 
brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-aitoff 
projection of the circular false-colour map showing location of visible light sources.  
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A5: Artificial light monitoring results from Surf North on 11th February 2021: a. Median raw image; b. Median false-
colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light sources.  
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A6: Artificial light monitoring results from Mildura East on 13th February 2021: a. Median raw image; b. Median 
false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light 
sources.  
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A7: Artificial light monitoring results from SST on 16th February 2021: a. Median raw image; b. Median false-colour 
map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light sources.  

  

a. 

 

a. 

b. 

 

b. 

c. 

 

c. 



 

 

 

A8: Artificial light monitoring results from the Project Site (Villas) on 17th February 2021: a. Median raw image; b. 
Median false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible 
light sources.  
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A9: Artificial light monitoring results from Vlamingh Head Lighthouse on 17th February 2021: a. Median raw image; 
b. Median false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible 
light sources.  

a. 

 

a. 

b. 

 

b. 

c. 

 

c. 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 201 

Appendix J Artificial Light Assessment and Management Plan 

 



 

 

NORTHWEST RESORTS  

NINGALOO LIGHTHOUSE RESORT DEVELOPMENT: 

ARTIFICIAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

 

 

Prepared by 

Pendoley Environmental Pty Ltd 

For 

Northwest Resorts 

23 April 2021 



 

 

DOCUMENT CONTROL INFORMATION 

TITLE:  NINGALOO LIGHTHOUSE RESORT DEVELOPMENT: ARTIFICIAL LIGHT ASSESSMENT 

AND MANAGEMENT PLAN 

 

Disclaimer and Limitation 

This report has been prepared on behalf of and for the use of Northwest Resorts. Pendoley 

Environmental Pty Ltd. takes no responsibility for the completeness or form of any subsequent copies 

of this Document. Copying of this Document without the permission of Northwest Resorts is not 

permitted. 

Document History 

Revision Description 
Date 

received 
Date issued Personnel 

Draft Report draft  21/12/2020 Dr K. Pendoley, A. Mitchell 

Rev IA Technical review 21/12/2020 23/12/2020 Dr P. Whittock, Dr A. Knipe 

Rev A Client review 23/12/2020  D. Griffin 

Rev B 
update with field survey 

results 
 22/4/2021 Dr K Pendoley 

Rev C  Client review 22/4/2021 23/4/2021 D Griffin 

Rev 0 Final report issued  23/4/2021 Dr K Pendoley 

 

Printed: 23 April 2021 

Last saved: 23 April 2021  02:05 PM 

File name: 
P:\06 Projects\J86 Northwest Resorts\J86001 Lighthouse Resort Development 

ALMP\05 Programs\J86001 Northwest Resort Development 2020_21\03 Technical 

Reports\ALMP\J86001 ALMP Rev0.docx 

Author: Dr Kellie Pendoley / Adam Mitchell 

Project manager: Dr Kellie Pendoley 

Name of organisation: Pendoley Environmental Pty Ltd 

Name of project: Ningaloo Lighthouse Resort Development 

Client Northwest Resorts Pty Ltd 

Client representative: Daniel Griffin 

Report number: J86001 Rev0 

Cover photo: Green turtle (Kellie Pendoley) 



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

iii | P a g e  

TABLE OF CONTENTS 

1 INTRODUCTION ............................................................................................................................... 1 

1.1 Background ............................................................................................................................. 1 

1.2 Scope and Objectives .............................................................................................................. 2 

2 LEGISLATIVE AND GUIDANCE INSTRUMENTS ................................................................................. 4 

2.1 National ................................................................................................................................... 4 

2.1.1 Marine Turtles ................................................................................................................. 4 

2.1.2 Astronomical Observing .................................................................................................. 4 

2.2 State ........................................................................................................................................ 5 

2.2.1 Marine Turtles ................................................................................................................. 5 

2.2.2 Astronomical Observing .................................................................................................. 5 

2.3 Local ........................................................................................................................................ 5 

2.3.1 Marine Turtles ................................................................................................................. 5 

2.3.2 Astronomical Observing .................................................................................................. 5 

2.4 Guidelines and Standards ....................................................................................................... 5 

2.4.1 Marine Turtles ................................................................................................................. 5 

2.4.2 Astronomical Observing .................................................................................................. 6 

2.5 International ........................................................................................................................... 6 

3 DESCRIPTION OF WILDLIFE ............................................................................................................. 7 

3.1 Marine Turtles ......................................................................................................................... 7 

3.2 Ningaloo Turtle Program ......................................................................................................... 8 

3.2.1 Regional Activity: North West Cape and Cape Range Divisions ...................................... 8 

3.2.2 North West Cape Division ............................................................................................. 11 

3.3 Benchmark Regional Marine Turtle Orientation................................................................... 12 

3.3.1 Hatchling Orientation Survey ........................................................................................ 12 

3.4 Orientation of Hatchlings in Nearshore Waters ................................................................... 15 

4 DESCRIPTION OF SPACE SURVEILLANCE TELESCOPE .................................................................... 17 

5 DESCRIPTION OF REGIONAL LIGHTING ......................................................................................... 18 

6 PROJECT LIGHTING ........................................................................................................................ 20 

6.1 Appearance of Light .............................................................................................................. 20 

6.2 Description of Project Lighting – existing campground ........................................................ 20 

6.3 Description of Project Lighting: Proposed Resort ................................................................. 22 

6.3.1 LED Technology ............................................................................................................. 22 

6.3.2 Project Lighting ............................................................................................................. 23 

6.4 Viewshed Analysis ................................................................................................................. 26 

6.4.1 Results ........................................................................................................................... 27 

6.5 Benchmark Artificial Light Levels .......................................................................................... 32 

6.5.1 Methodology ................................................................................................................. 32 

6.5.2 Data Analysis ................................................................................................................. 32 

6.5.3 Survey results ................................................................................................................ 33 

6.5.4 Integration of benchmark hatchling and light results................................................... 33 

6.6 Artificial Light at Night Modelling ......................................................................................... 36 

7 LIGHTING IMPACT ASSESSMENT ................................................................................................... 37 

7.1 Impact Assessment Methodology......................................................................................... 37 

7.2 Significant Impact Criteria ..................................................................................................... 38 



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

iv | P a g e  

7.3 Impact Analysis: Marine Turtles............................................................................................ 39 

7.3.1 Nesting: Adult Females ................................................................................................. 39 

7.3.2 Emerging Hatchlings ..................................................................................................... 40 

7.3.3 Offshore Hatchlings ....................................................................................................... 42 

7.3.4 Significant Impact Assessment ...................................................................................... 43 

7.4 Impact Analysis: Space Surveillance Telescope .................................................................... 44 

7.4.1 Impact Criteria .............................................................................................................. 44 

7.4.2 Impact Analysis ............................................................................................................. 45 

8 ARTIFICIAL LIGHT MANAGEMENT PLAN ....................................................................................... 46 

8.1 Best Practice Lighting Design Principles ................................................................................ 46 

8.2 Lighting Design Control Measures ........................................................................................ 47 

8.2.1 Use Minimum Number and Intensity of Lights ............................................................. 47 

8.2.2 Adapt Lighting for Colour, Intensity and Timing ........................................................... 47 

8.2.3 Light only the Area Intended ........................................................................................ 48 

8.2.4 Use Non-reflective, Dark Coloured Surfaces ................................................................. 50 

8.3 Construction Control Measures (Temporary) ....................................................................... 50 

8.4 Operational Control Measures ............................................................................................. 50 

8.5 Marine Turtle Hatchling and Artificial Light Monitoring ....................................................... 50 

8.6 Auditing ................................................................................................................................. 51 

8.7 Adaptive Management and Continuous Improvement ........................................................ 51 

8.7.1 Marine Turtles ............................................................................................................... 51 

8.7.2 Space Surveillance Telescope ....................................................................................... 52 

9 REFERENCES .................................................................................................................................. 53 

 
  



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

v | P a g e  

LIST OF TABLES 

Table 1: EPBC Act listed marine turtle species in the project area. ........................................................ 4 

Table 2: Conservation status (Australian Commonwealth and state legislation) and genetic stock status 

of marine turtles found onshore within 20 km of the project. ............................................................... 7 

Table 3: Nesting and hatching season for green, loggerhead, and hawksbill genetic stocks 

(Commonwealth of Australia 2017). ....................................................................................................... 7 

Table 4: Proportion of nesting activity (nests and false crawls) by species across the North West Cape 

and Cape Range Divisions recorded during the 2018/19 monitoring season. ....................................... 8 

Table 5: Percentage of nesting activity which resulted in successful egg laying in 2018/19 season 

compared with the seasonal range 2002/03 – 2018/19. ..................................................................... 11 

Table 6: Inventory of campground lights. ............................................................................................. 21 

Table 7: Area of nesting habitat that has visibility of light. .................................................................. 27 

Table 8: Impact Assessment Matrix. ..................................................................................................... 37 

Table 9: Definition of likelihood. ........................................................................................................... 37 

Table 10: Definition of consequence. ................................................................................................... 38 

Table 11: Summary of the impact assessment for nesting marine turtles. .......................................... 40 

Table 12: Summary of the impact assessment for emerging hatchling marine turtles. ....................... 41 

Table 13: Summary of the impact assessment for offshore hatchling marine turtles. ........................ 42 

Table 14: Summary of significant impact of the project lighting on marine turtles. ............................ 43 

Table 15: Suitability of commercial lights. Source: Commonwealth of Australia (2020). .................... 48 

 

LIST OF FIGURES 

Figure 1: Project location. ....................................................................................................................... 3 

Figure 2: Ningaloo Turtle Program – Sections of the North West Cape Division located within 20 km of 

project site; Tantabiddi, Graveyards, Hunters, Lighthouse Bay, Navy Pier, Bundegi. Red star denotes 

project location (Source: NTP 2020). ...................................................................................................... 9 

Figure 3: Ningaloo Turtle Program – Sections of the Cape Range Division; Neils, Bungelup, Rolly, 

located 57 km south west of project site (Source: NTP 2020). ............................................................. 10 

Figure 4: Total track counts in each Section of the North West Cape Division. ................................... 12 

Figure 5: Hatchling orientation angles recorded for a nest fan and associated spread and offset angles. 

Black arrows indicate metrics that are captured in the field. Dashed black arrow indicates middle 

indices between A and B that is used to calculate the offset. .............................................................. 14 

Figure 6: Radiance of light sources in the North West Cape Region, derived from the VIIRS 2019 overlay 

(see Section 5 for limitations). .............................................................................................................. 19 

Figure 7: Existing campground and caravan park. Note cottages high on the hill with direct visibility 

from the nesting beaches. .................................................................................................................... 20 

Figure 8: Unshielded bare white decorative light bulbs contribute sky glow and are potentially visible 

from nesting beaches. ........................................................................................................................... 21 

Figure 9: Unshielded bulkhead lights. ................................................................................................... 22 

Figure 10: Unshielded bulkhead lights in elevated cabins are directly visible from nearby nesting 

beaches and contribute to sky glow. .................................................................................................... 22 

Figure 11: Project layout and footprints, resort (top) and campground (bottom) (Kerry Hill Architects, 

Site Master Plan). .................................................................................................................................. 23 

Figure 12: Resort facilities (McGregor Coxall, Landscape Master Plan). .............................................. 24 

file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469628
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469633
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469633
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469639


NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

vi | P a g e  

Figure 13: Campground facilities (McGregor Coxall, Landscape Master Plan). .................................... 25 

Figure 14: Area of marine turtle nesting habitat at Lighthouse Bay that was used in the viewshed 

analysis. ................................................................................................................................................. 28 

Figure 15: Area of marine turtle nesting habitat at Lighthouse Bay where Resort Village lighting was 

visible. ................................................................................................................................................... 29 

Figure 16: Area of marine turtle nesting habitat at Lighthouse Bay where Sunset villa lighting was 

visible. ................................................................................................................................................... 30 

Figure 17: Area of marine turtle nesting habitat at Lighthouse Bay where campground lighting was 

visible. ................................................................................................................................................... 31 

Figure 18: Sky brightness at each artificial light monitoring site. Brightness scale in images ranges from 

very bright (white/red) to very dark (black). See Appendix A for complete set of images. ................. 35 

Figure 19: Summary best practice lighting design principles applicable to the proposed project. ...... 46 

 

LIST OF APPENDICES 

Appendix A: Marine Turtle and Light Monitoring Report 2021 

 

file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469641
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469641
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469642
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469642
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469643
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469643
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469644
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469644
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469645
file://///penv-svr01/Pendoley/06%20Projects/J86%20Northwest%20Resorts/J86001%20Lighthouse%20Resort%20Development%20ALMP/05%20Programs/J86001%20Northwest%20Resort%20Development%202020_21/03%20Technical%20Reports/ALMP/J86001%20ALMP%20RevB.docx%23_Toc69469645


NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

1 | P a g e  

1 INTRODUCTION 

1.1 Background 

The Ningaloo Lighthouse Resort Development (the project) involves the construction and operation 

of a tourist resort on the footprint of 30+ year old campground and caravan park on north western 

Cape Range, Western Australia. The project proponent is Northwest Resorts Pty Ltd (NWR). 

The project and its aims have been described in the Ningaloo Lighthouse Resort Development 

Application Report (Element 2020). The development will provide world class accommodation types 

to appeal to a broad range of travellers and is divided into two main areas: the resort village and the 

caravan park. These areas comprise heritage buildings, administration and village buildings (including 

a restaurant, bar, spa, recreation centre, pool and pavilion), accommodation buildings (including a 

hotel, caravan park, lodge style units, villas, high end villas, staff accommodation, eco tents, and a 

camping ground), and service buildings. 

The resort village is located adjacent to a beach. The caravan park is situated in a small valley to the 

south of the resort village and contains the infrastructure, logistics, and boat storage buildings that 

support the village, including a fuel station (Figure 1).  

The project is situated in the vicinity of known nesting habitat for marine turtles. Under both State 

and Federal legislation, marine turtle species are protected by various regulatory instruments and 

consequently, any action that has the potential to impact on the populations or their habitat must be 

assessed and managed to the satisfaction of the regulators. The project is recognised as potentially 

impacting on these biological receptors and hence a formal assessment and management plan is 

required.  

In addition to the recognised biological receptors, socioeconomic receptors, primarily the US owned, 

and Department of Defence (DoD) operated, Space Surveillance Telescope (SST), may also be 

impacted by artificial light from the project. The SST detects and tracks orbital debris in addition to 

near Earth asteroids and is an important contributor to the US Global Space Surveillance network (DoD 

2014). 

In early 2020, NWR requested Pendoley Environmental (PENV) to undertake a preliminary Lighting 

Impact Assessment and Artificial Light Management Plan (ALMP) for the Development Approval 

submission to the Shire of Exmouth (Rev A).  

In December 2020, a preliminary ALMP was prepared prior to planned field work programs that 

occurred in February 2021 (J86001 Rev A). The field surveys conducted in February 2021 included the 

collection of: 

• benchmark marine turtle hatchling orientation data at potentially impacted nesting beaches. 

• in-situ benchmark light monitoring data from nesting beaches and the SST. 

The preliminary ALMP has been updated with results from the field surveys listed above and the 

lighting impact risk assessment has been revised to include those new data.  This report contains those 

updates. The February 2021 marine turtle hatching orientation and light monitoring surveys also 

provide essential benchmark data for ongoing monitoring of light and hatchling orientation.  
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This ALMP complies with the National Light Pollution Guidelines for Wildlife (Commonwealth of 

Australia 2020) (the guidelines) and the NSW Dark Sky Planning Guidelines (NSW 2016) and identifies 

the potential impact of the project related artificial light on marine turtles and the SST. The ALMP uses 

the results of the assessment to address the requirement of the guidelines. It outlines best practice 

lighting design by including a consolidated list of mitigation measures that could prevent or minimise 

project related lighting impacts to relevant receptors. The ALMP builds on early work undertaken by 

Arup (Arup 2020). 

Future light modelling will be used to refine and confirm the lighting design suitability for dark sky 

conservation. 

 

1.2 Scope and Objectives 

For this project, there is a recognised potential impact pathway from project related artificial lighting 

to sensitive biological and socioeconomic receptors, specifically marine turtles and the SST. 

Accordingly, this ALMP includes: 

• A description of the SST and the marine turtle species nesting within 20 km of the project 

(distance at which a potential impact to marine turtles could occur; Commonwealth of 

Australia 2020). 

• A viewshed analysis indicating the visibility of project related light sources at marine turtle 

nesting habitat and the SST. 

• A description of light sources associated with the project. 

• Results of benchmark marine turtle hatchling orientation and artificial light monitoring 

surveys 

• An impact assessment of identified light sources on marine turtles and the SST. 

• Details of best practice lighting design principles and mitigation measures that could be 

applied to eliminate or minimise project related lighting impacts to marine turtles and the SST. 

• Recommendations for marine turtle and light monitoring for pre-construction, construction, 

and operations phases of the project. 

In-water habitat use by foraging and inter-nesting marine turtles was considered out of scope and is 

not discussed further. Similarly, artificial light sources associated with the Exmouth town site and the 

Naval Communication Station Harold E Holt are considered out of scope and not considered further 

in the risk assessment. 
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Figure 1: Project location. 
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2 LEGISLATIVE AND GUIDANCE INSTRUMENTS 

2.1 National  

2.1.1 Marine Turtles 

The Australian Government’s key piece of environmental legislation is the Environment Protection 
and Biodiversity Conservation Act 1999 (EPBC Act). The EPBC Act protects and manages matters of 

national environmental significance (MNES) which include nationally and internationally important 

flora, fauna, ecological communities, and heritage places. This act protects species that are listed 

threatened, migratory, or marine. The North West Cape and Ningaloo region on which the project is 

situated supports nesting for four listed species of marine turtle (Table 1). 

Table 1: EPBC Act listed marine turtle species in the project area. 

Common name Scientific name Conservation Status 

Loggerhead  Caretta caretta Endangered 

Green  Chelonia mydas Vulnerable 

Hawksbill Eretmochelys imbricata Vulnerable 

Flatback Natator depressus  Vulnerable 

Additional protection of Australian marine turtles is provided by the Recovery Plan for Marine Turtles 

in Australia (Commonwealth of Australia 2017). This plan lists specific anthropogenic threats to the 

conservation and recovery of marine turtle species in Australia. The Recovery Plan lists the NW 

Cape/Ningaloo coast as habitat critical for the survival of green and loggerhead turtles and recognises 

light pollution as a key threat to the recovery of marine turtles in Australia.  

The Commonwealth Government is also the signatory to a range of international conventions and 

agreements that provide additional protection to marine turtles globally including but not limited to: 

• Convention on the conservation of Migratory Species of Wild Animals (CMS); 

• Convention on Biological Diversity, the Convention Concerning the Protection of the World 

Cultural and Natural Heritage; 

• Convention on the International Trade in Endangered Species of Wild Flora and Fauna (CITES); 

and 

• International Union for the Conservation of Nature (IUCN) Red List of Threatened Species. 

Australia’s obligations under these agreements are met through the EPBC Act. 

2.1.2 Astronomical Observing 

There are no Commonwealth laws that protect the quality of the night sky in the vicinity of Australian 

observatories.  
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2.2 State 

2.2.1 Marine Turtles 

The Environmental Protection Act 1986 (EP Act) provides for the “prevention, control and abatement 

of pollution and environmental harm, for the conservation, preservation, protection, enhancement and 

management of the environment and for matters incidental to or connected with the foregoing”. 

The Biodiversity Conservation Act 2016 (BC Act) and Biodiversity Conservation Regulations 2018 

brought into law on 1st January 2019 replaced the Wildlife Conservation Act 1950. The BC Act aims to 

conserve and protect biodiversity, and provides protection to, and establishes recovery plans for, 

listed species, threatened ecological communities, and critical habitat. The BC Act lists threatened and 

priority fauna under the Wildlife Conservation (Specially Protected Fauna) Notice 2018; these listings 

reflect the EPBC Act marine turtle species and listing status (Table 1).  

2.2.2 Astronomical Observing 

There are no State laws that protect the quality of the night sky in the vicinity of Western Australian 

observatories. 

2.3 Local 

2.3.1 Marine Turtles 

The protection of marine turtles from light is recognised at a local level i.e. a variation to the Shire of 

Exmouth Local Planning Scheme No. 4 Ningaloo Lighthouse Holiday Park Local Development Plan, 

Clause 13, requires “The DA requires a lighting impact assessment, addressing the lighting impacts on 

nesting turtle habitat.” which is consistent with the Vlamingh Head Master Plan, Planning and 

Sustainability Guidelines, which specify that “Lighting must not affect nocturnal or breeding animals”. 

2.3.2 Astronomical Observing 

While not specific to the Observatory, the Exmouth Shire Local Planning Scheme refers to Floodlighting 

(Part 4.14), and states that “no person shall erect, install or maintain any floodlighting, spotlight or 
other forms of lighting for any purpose, unless the emission of light from such devices is oriented or 

controlled so as not to interfere with the amenity of any adjacent locality, nor cause a traffic hazard in 

the nearby street system”. 

2.4 Guidelines and Standards 

2.4.1 Marine Turtles 

Under the recently published National Light Pollution Guidelines for Wildlife (Commonwealth of 

Australia 2020), any action or activity that includes externally visible artificial lighting should use best 

practice lighting design and assess the potential impact on listed species and their important habitat(s) 

if they are present within a 20 km radius. Consequently, for this project there is a recognised pathway 

for a potential impact from artificial lighting to listed threatened and migratory marine turtles that 

nest on the North West Cape.  
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The guidelines are consistent with, and build upon, the Western Australian Environmental Assessment 

Guideline No. 5 Protecting Marine Turtles from Light Impacts (EPA 2010). The guidelines also outline 

the minimum requirement for protection of marine sea turtles from light exposure and addresses the 

approach to project design, management, and mitigation from the adverse impacts of light. The 2010 

EPA guidelines, written before the recent and rapid evolution in light emitting diode (LED) technology, 

do not address the very particular biological impacts emerging as a result of exposure to LED lights. 

2.4.2 Astronomical Observing  

The management of light in the vicinity of the SST is important because telescopes require clear dark 

nights to operate effectively. In the absence of any State or Federal regulatory framework for dark sky 

protection in the vicinity of the SST, the NSW Department of Planning and Environment, Dark Sky 

Planning Guideline, Protecting the observing conditions at Siding Spring (NSW 2016) will be used to 

provide a basis for the management of light with respect to the SST at Exmouth.  

Additional guidance for control and management of excess outdoor lighting will also be obtained 

through AS/NZS 4282:2019 Control of the obtrusive effects of outdoor lightings. This Standard 

specifically refers to the potentially adverse effects of outdoor lighting on nearby residents (e.g. 

dwellings such as houses, hotels, hospitals), users of adjacent roads (e.g. vehicle drivers, pedestrians, 

cyclists), transport signalling systems (e.g. air, marine, rail) and on astronomical observations. The 

Standard provides guidance on design and operation of lighting to mitigate the adverse effects of light 

falling directly onto the optical surface of the SST as well as sky glow. 

The Astronomical Society of Australia acknowledges the guidance AS4282 provides to planning 

authorities to ameliorate the effects of light pollution in the vicinity of observatories.  

2.5 International  

While the focus of this project is on minimising the impact of light on marine turtles and the SST, the 

approach taken will also be consistent with the principles of dark sky protection promoted by locally 

based Australasian Dark Sky Alliance (ADSA) and by the International Dark Sky Association (IDA), the 

global authority on dark sky conservation and the certifying body for International Dark Sky Places.  

Light pollution is growing at a rate of 2% per year (Kyba et al 2016).  Reducing light pollution and 

conserving the dark sky is important for a range of values including;  

• Astronomy and Astrotourism, 

• Wildlife, ecology and environment 

• Human health 

• Heritage including both European and indigenous astronomy and navigation 

• Reduced energy consumption, and 

• Reducing greenhouse gas emissions.  
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3 DESCRIPTION OF WILDLIFE 

3.1 Marine Turtles 

Marine turtles are known to utilise onshore and offshore areas of habitat situated within 20 km of the 

project site. 

Three species of marine turtle have been recorded utilising nesting habitat within 20 km of the project 

site, these include green (Chelonia mydas), loggerhead (Caretta caretta), and hawksbill (Eretmochelys 

imbricata), turtles (DBCA 2020; Whiting 2016; Table 2). The Recovery Plan for Marine Turtles in 

Australia, 2017 – 2027 (Commonwealth of Australia 2017) lists the NW Cape/Ningaloo coast as habitat 

critical for the survival of green and loggerhead turtle and recognises light pollution as a moderate to 

high threat for all three genetic stocks shown in Table 2.  

Table 2: Conservation status (Australian Commonwealth and state legislation) and genetic stock 

status of marine turtles found onshore within 20 km of the project.  

Marine turtle 

species 

Protection status Genetic stock 

Commonwealth 

EPBC Act 1999 

Wildlife Conservation 

Act 1950 
Name 

Recovery 

status 

Green Vulnerable Vulnerable Northwest Shelf Stable 

Hawksbill Vulnerable Vulnerable Western Australia Stable 

Loggerhead Endangered Endangered Western Australia Stable 

The reported nesting and hatching season for the genetic stocks of the three marine turtle species is 

shown in Table 3. The nesting period is in late spring/early summer for hawksbill turtles, and summer 

for green and loggerhead turtles. A 2016 trend analysis of local (North West Cape and Ningaloo) turtle 

monitoring data found the nesting period was centred on the first week in January for all three species 

(Whiting 2016), recognising that the intensive monitoring program is focussed around the peak 

summer nesting months (December – January) and may miss the peak in hawksbill nesting.  

Interannual variation in nesting activity of green turtles is widely reported and can exhibit large 

fluctuations. The variation is thought to be linked to the impact of the El Niño Southern Oscillation 

(ENSO) on food resources at their foraging grounds (Limpus & Nicholls 2000). Standardised analysis of 

the 2002/03 to 2018/19 Ningaloo Turtle Program (NTP) monitoring data found a peak in activity in 

2011/12 which was followed by one of the least active years ever recorded in the following season 

(2012/13). Less variation is evident in hawksbill and loggerhead nesting activity (NTP 2020). Anecdotal 

evidence from regional monitoring programs indicated the 2020/21 season was a very active season 

for green turtles.  

Table 3: Nesting and hatching season for green, loggerhead, and hawksbill genetic stocks 

(Commonwealth of Australia 2017). 

Species (genetic stock) Nesting period Hatching period 

Hawksbill (H-WA) Year round, (Oct – Jan peak)  Year round (Dec – Feb peak)  

Loggerhead (L-WA) Nov – Mar (Jan peak)  Jan – May (Feb – Mar peak)  

Green (G-NWS) Nov – Mar (Dec – Jan peak) Dec – Mar (Feb – Mar peak)  
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3.2 Ningaloo Turtle Program 

3.2.1 Regional Activity: North West Cape and Cape Range Divisions 

Onshore, annual marine turtle track census surveys have been conducted by the NTP at beaches near 

the project site during the peak of nesting activity since 2002. The surveys are managed by the 

Exmouth office of the Department of Biodiversity, Conservation and Attractions (DBCA). The programs 

aim is to predict long-term trends in marine turtle populations along the Ningaloo coast. The survey 

results are used by DBCA to inform management and conservation; reducing disturbance to nesting 

turtles, management of introduced predators and managing coastal access and visitation to support 

effective conservation of sea turtles on the Ningaloo coast (DBCA 2020). All annual reports and other 

supplemental materials from this program can be found at www.ningalooturtles.org.au. 

Details regarding monitoring methods, demographic parameters and effort are provided in the annual 

reports. Historically, the program has focussed on the nesting activity in the northern half of Cape 

Range (e.g. Bangalup northwards) and consequently this is the data used in this assessment. Here we 

summarise those results to put the rookeries located withing 20 km of the project site into context. 

The NTP monitoring sites that fall within a 20 km radius of the project site are within the North West 

Cape Division, encompassing Lighthouse Bay, Hunters, Graveyard and Tantabiddi (Figures 1 and 2). 

The NTP also monitoring the Cape Range Division encompassing Neils, Bungelup and Rolly (Figure 3) 

and located 57 km south west of the project location. 

During the 2018/19 season, nesting activity across these Divisions varied with green turtles 

dominating in the North West Cape Division and loggerhead turtles dominating the more southerly 

Cape Range Division (Table 4). 

Table 4: Proportion of nesting activity (nests and false crawls) by species across the North West Cape 

and Cape Range Divisions recorded during the 2018/19 monitoring season. 

Division 
Marine Turtle Species 

Green Hawksbill Loggerhead Flatback Unidentified 

North West Cape 95.5 % 1.3 % 3 % 0.1 % 0.1 % 

Cape Range  15.9 % 2 % 81.7 % 0.1 % 0.3 % 

These results are broadly consistent with the long-term nesting species results; since the 

commencement of monitoring (2002) the North West Cape and Cape Range Divisions combined are 

dominated by green turtles (87 % of all activity) followed by loggerhead (10.7 %), hawksbill (2 %), and 

unidentified (0.4 %) activity from a total of 57,229 “suspected” nests and 134,441 false crawls (no 

nesting attempt) (NTP 2020).  

 

http://www.ningalooturtles.org.au/
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Figure 2: Ningaloo Turtle Program – Sections of the North West Cape Division located within 20 km 

of project site; Tantabiddi, Graveyards, Hunters, Lighthouse Bay, Navy Pier, Bundegi. Red star 
denotes project location (Source: NTP 2020). 
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Figure 3: Ningaloo Turtle Program – Sections of the Cape Range Division; Neils, Bungelup, Rolly, 

located 57 km south west of project site (Source: NTP 2020).  
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The percentage of nesting activity that resulted in a suspected nest across both the North West Cape 

and Cape Range Divisions combined in 2018/19 is shown in Table 5. The results show that despite a 

high level of nesting activity by green turtles (10,815 tracks), only 25.3 % of these successfully resulted 

in egg laying. These results were consistent with previous seasons, with this result within the range 

reported for the 2002/03 to 2018/19 seasons. This contrasts with hawksbills and loggerheads which 

had a higher nesting success in 2018/19 (Table 5). These results are consistent with the results of the 

2016 trend analysis of multiyear data which reported a mean nesting success of 28.5 % for green 

turtles, 44.9 % for loggerhead turtles, and 50.4 % for hawksbill turtles (Whiting 2016).  

Table 5: Percentage of nesting activity which resulted in successful egg laying in 2018/19 season 

compared with the seasonal range 2002/03 – 2018/19. 

Marine turtle 

species 

False 

crawls (n) 
Nests (n) 

Nesting 

Success 

Range 

(2002/03 to 2018/19) 

Green 8,082 2,733 25.3 % 21.7 – 37.3 % 

Hawksbill  104 63 37.7 % 38.4 – 61.9 % 

Loggerhead 730 481 39.7 % 26.5 – 59.5 % 

The 2016 trend analysis on the NTP data (Whiting 2016) for the North West Cape and Cape Range data 

concluded that: 

• Green, loggerhead, and hawksbill nesting activity remained stable with no positive or 

negative trends in nesting abundance for any species. 

• There was little variation in the spatial distribution of annual nesting activity for green and 

loggerhead turtles (between 2005/06 and 2015/16 seasons). 

• An estimated annual average of 17,500 green turtle tracks, 2,200 loggerhead turtle tracks, 

and 470 hawkbill turtle tracks were recorded withing the two Divisions. 

• The estimated size of the breeding populations withing the two Divisions was: 

o Green turtles: 15,104 – 33,721  

o Loggerhead turtles: 991 – 2,763 

o Hawksbill turtles: 351 – 791 

• The estimated population sizes represent globally significant populations for all species. 

3.2.2 North West Cape Division  

Local scale nesting within the North West Cape Division has been analysed by Whiting (2016). The 

spatial distribution of nesting in the vicinity of the project site shows the nesting is dominated by green 

turtles and of all the sections in this Division, the Lighthouse section immediately adjacent to the 

project site supports less nesting effort than Hunters (1 – 6 km west) and Graveyards (~6 – 12 km 

west) (Figures 2 and 4).  

Within the Lighthouse section, loggerhead and hawksbill activity is concentrated in the northern 

subsections while green activity dominates the southern subsections close to the project site (NTP 

2020; Whiting 2016). 
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Figure 4: Total track counts in each Section of the North West Cape Division. 

3.3 Benchmark Regional Marine Turtle Orientation  

No systematic surveys of hatchling or adult nesting female orientation behaviour on regional North 

West Cape beaches has been carried out. Anecdotal evidence suggests that hatchling sea turtles have 

been found in the existing campground pool suggesting that they had crawled up the beach and over 

the dunes, attracted to the lights from the beach (pers. comm. D. Rob, DBCA). An alternative 

explanation is that the hatchlings were carried inland and dropped by seabirds. In the absence of any 

data on hatchling behaviour on nearby beaches, it is not possible to confirm the cause of this 

behaviour. 

Similarly, anecdotal evidence suggests that adult females are occasionally observed crawling along 

Yardie Creek Road, presumably lost after crawling across the dunes (pers. comm. D. Rob, DBCA). This 

is not uncommon in naturally dark areas characterised by large or complex dune systems; however, 

the presence of inland light could potentially confuse a female trying to return to the ocean, making 

it difficult for them to orient themselves seaward. 

To understand the behaviour of marine turtle hatchlings on beaches within 20 km of the project site, 

a field survey was conducted in February 2021 to collect hatchling orientation data under existing 

lighting conditions. This data will be used as a benchmark for monitoring hatchling behaviour during 

construction and ongoing operations and assess if the project has caused any changes in hatchling 

behaviour.  The report is attached as Appendix A.   

3.3.1 Hatchling Orientation Survey 

PENV conducted eight days of hatchling orientation monitoring during the peak green turtle hatching 

period in February 2021. This survey timing ensured sufficient data was collected to provide a robust 

benchmark picture of turtle orientation on beaches under existing lighting conditions. The February 

2021 timing of this survey was critical due to the highly cyclic nature of green turtle nesting, i.e.  the 
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green turtle nesting effort this season was at a peak which ensured the best opportunity to capture 

sufficient benchmark turtle hatchling orientation data.   

3.3.1.1 Methodology 

The most common method to monitor the influence of existing artificial light on the dispersal 

behaviour of hatchling turtles is to record the angles of their tracks left on the beach (Pendoley 2005). 

During each morning survey the field team located any recently emerged nests by following sighted 

hatchling tracks to the emergence point. The emergence point is indicated by a depression (the ‘nest 
cone’) in the sand from where the hatchlings emerged. The field team used a sighting compass to 

measure angles of the fan of tracks from the emergence point to where the tracks cross the high tide 

line on a flat beach surface (removes variation caused by undulating nesting landscapes i.e. from body 

pits made by nesting turtles), or at a distance of 5 m, whichever was greater. Angles measured include 

the outer tracks that form the outside arms of the fan (A and B angles) and the most direct line to the 

ocean (X) (Error! Reference source not found.5). The approach allows for determination of both the r

ange of dispersion or ‘spread’ angle of emergent hatchlings and the degree of deflection or ‘offset’ 
angle from the most direct route toward the ocean. The work scope was undertaken in accordance 

with PENV’s Hatchling Orientation Standard Operating Procedure (SOP) (PIMS-SOP04; provided upon 

request).  

Beaches located up to 10 km on either side of the project site were monitored daily during the survey 

(please see Figure 1 in Appendix A).  Factors impacting survey effort and coverage included track 

access (2WD only), wind and rain erasing hatchling tracks, driving restrictions (rental contract 

restricted vehicle use too day light only) and heat stress risk for field team members.  

Beaches with most direct line-of-sight to the project and located within five km of the project site 

(Lighthouse Bay Area) were surveyed over five separate days. Beaches between Hunters and Jacobsz 

(Ningaloo Coast North) 0.5 km – 2.7 km due west of the project were surveyed over four separate 

days, while Wobiri to Jacobsz (Ningaloo Coast North) 2.7 – 5 km south west and the beaches 7 – 9 km 

south west (Ningaloo Coast South), were surveyed twice.  

This data has been integrated with the artificial light monitoring data (see Section 6.5) to determine 

the directionality of identified light sources in relation to hatchling orientation.  



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

14 | P a g e  

 

Figure 5: Hatchling orientation angles recorded for a nest fan and associated spread and offset 

angles. Black arrows indicate metrics that are captured in the field. Dashed black arrow indicates 
middle indices between A and B that is used to calculate the offset. 
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3.3.1.2 Data Analysis 

Hatchling orientation data was analysed to provide: 

• The range of dispersion (spread angle) of tracks from the emergence point: describing the 

degree of dispersion of all hatchling pathways toward the ocean. A larger value indicates 

greater dispersion or variation in ocean finding bearings and may indicate disruption to 

natural hatchling sea finding ability.  

• The degree of deflection (offset angle) of tracks from the most direct route to the ocean: A 

smaller value indicates a more direct route (i.e. less deviation from the most direct route) and 

a larger value demonstrates greater deviation from the most direct route which may indicate 

disruption to natural hatchling sea finding ability.  

Hatchling orientation data was grouped into separate datasets based on proximity to the project 

location and the line-of-site visibility to the project location. This allowed a comparison of fan metrics 

recorded on nesting habitat with no line-of-sight to the project location with fan metrics recorded on 

nesting habitat with potential for direct line-of-sight or greater exposure to project related light glow. 

A Wilcox Mann-Whitney test was used to assess if there was any statistical difference between the 

two datasets (Appendix A). 

3.3.1.3 Survey results  

Nest fan metrics were collected from 257 nests (green turtle = 196; hawksbill/loggerhead turtle = 22; 

and unknown species = 39) and grouped into four regional beach sections. The largest mean spread 

angle was recorded for those nest fans situated within the Hunters to Lighthouse Bay Parking section 

(53.6 ± 17.1°; n = 10) and the smallest mean spread angle on Surf Beach South to Mildura Wreck 

section (36.2 ± 17.3°; n = 62). The largest mean offset angle was recorded for those nest fans situated 

within the Ningaloo Coast West section (9.6 ± 8.9°; n = 180) and the smallest mean offset angle on 

Mildura Wreck to Mildura Wreck East section (3.8 ± 2.6°; n = 7). The overall spread and offset angles 

were 40.7 ± 17.3° and 8.6 ± 8.2 (n = 257), respectively. 

The spread and offset angles indicate the hatchlings across the region are orienting normally and are 

successful in sea finding. Further statistical analyses investigated the difference between beach 

sections based on the line-of-sight visibility to the project location (i.e. beaches with no line-of-sight 

vs beaches with line-of-sight) and found that there was no significant difference in fan spread between 

the two habitat groupings (p = 0.86) however there was a significant difference in fan offset (p = 0.015), 

likely related to the impact of a high density of adult body pit craters affecting hatchling orientation 

in some beach sections.  

Regionally, hatchlings were successful in sea finding despite the wide-spread visibility of existing light 

sources including Exmouth, the HEH base, and antenna array situated onshore, and the oil and gas 

facilities situated offshore. 

3.4 Orientation of Hatchlings in Nearshore Waters 

Once in the marine environment, hatchling marine turtles are known to undertake an initial swimming 

frenzy within the nearshore area adjacent to their nesting habitat (Wyneken & Salmon 1992). Green, 
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hawksbill, and loggerhead turtle hatchlings are therefore likely to be present in nearshore waters 

adjacent to the project site as they move away from the beach during the hatching period.  

Green hatchlings tracked through shallow nearshore waters at Wobiri Beach (Hunter Division, North 

West Cape) in 2014 dispersed straight offshore under ambient (no artificial light) conditions and under 

highly variable current speed and direction. However, when artificial light was present offshore, 88 % 

of hatchlings tested oriented towards the light and spent 23 % more time in the tracking array than 

under ambient light conditions (Thums et al. 2016). 

Green hatchlings swimming offshore have also been recorded misoriented and attracted back to shore 

by onshore lights in trials conducted during moonless nights at Heron Island, Queensland (Truscott et 

al. 2017).  

There are no published or anecdotal reports on hatchlings crawling back out of the water in the vicinity 

of the project site. 
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4 DESCRIPTION OF SPACE SURVEILLANCE TELESCOPE 

The most sensitive socioeconomic receptor in the region that could be impacted by artificial light from 

the proposed development has been identified as the DoD SST (Figure 1). This telescope detects and 

tracks orbital debris in addition to near Earth asteroids and is an important contributor to the US 

Global Space Surveillance network (DoD 2014). 

The SST detects, tracks, and can discern small, obscure objects, in deep space with a "wide field of 

view system". It is a single telescope with the dual abilities; the telescope is sensitive enough to allow 

for detection of small, dimly lit objects as well as being capable of quickly searching the visible sky, a 

combination that is difficult to achieve in a single telescope design (Pike 2010). 

The telescope design has an F/1.0 aperture and a 3.5 meter primary mirror. It uses an array of charge-

coupled device (CCD) sensors, arranged on a curved focal plane array. The SST mount uses an 

advanced servo-control technology, that makes it one of the quickest and most agile telescopes of its 

size. It has a field of view of six square degrees and can scan the visible sky down to an apparent 

magnitude of 20.5. 

The SST is located three km north west of Exmouth, 2.7 km south west of the Harold E Holt Naval 

Communications Station and 15km south of the project site. The location of current (2019) light 

sources in the vicinity of the SST is shown in Figure 6. 
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5 DESCRIPTION OF REGIONAL LIGHTING  

The existing regional light sources present within 20 km of the project site are shown as an output of 

an online mapping application (www.lightpollutiomap.info) in Figure 6 and includes light emissions 

from the Exmouth town site, the North West Cape Harold E Holt Communications base, and the Harold 

E Holt antenna field. 

Although Figure 6 presents radiometric measurements of light intensity, it should be noted that these 

measurements are generated using a Visible Infrared Imaging Radiometer Suite (VIIRS) satellite sensor 

data. The VIIRS sensor measures upward light in the spectral range of approximately 500 – 900 nm. 

This is not the same as human vision (400 – 700 nm), or other animal species including marine turtles 

(<400 – 700 nm; see Commonwealth of Australia (2020) for review) thus there is less sensitivity to the 

short-wavelength blue region of the spectrum, and more sensitivity to infra-red (heat) sources, such 

as bushfires and flares. Furthermore, because night-time lighting is dynamic and may contain 

environmental effects (clouds and aerosols) and natural sources (moonlight, fires, lightning, and 

aurora), the data for each grid cell is processed into a monthly composite, after filtering out data 

affected by moonlight and clouds (Falchi et al. 2016). Accordingly, results may be biased where light 

sources contain large amounts of short wavelength light or the long wavelength radiation that are 

associated with significant heat sources. Another limitation is that since light emissions observed over 

a monthly basis can vary due to a variety of factors including the imaging angle, seasonal changes in 

ground reflection, and seasonal changes in atmospheric particle density, averaging over the month is 

unlikely to present the worst-case scenario in light emissions. 

Therefore, it is not possible to interpret the radiance values presented in Error! Reference source not f

ound.6 as an accurate measurement of light intensity. Nevertheless, the figure provides the best 

available regional scale representation of light emissions and is used here to identify notable areas of 

light emissions. 

Light emissions in the Exmouth townsite are associated with recreation/sports ground flood lighting, 

street lighting, residential and tourist accommodation, commercial and entertainment facilities. The 

North West Cape Harold E Holt Communications base and security lighting around the Harold E Holt 

antenna field lighting is likely to include lighting for streets and walkways, laydown and work areas, 

security, administration and service facilities, and aircraft navigation lighting to illuminate the 

antenna’s.  The base facilities and antenna field were constructed by the US Navy in the late 1960s, 

consequently the lighting design dating from that time is unlikely to be consistent with current 

technology and light management policy and guidance.    
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Figure 6: Radiance of light sources in the North West 

Cape Region, derived from the VIIRS 2019 overlay (see 

Section 5 for limitations). 
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6 PROJECT LIGHTING 

6.1 Appearance of Light 

Light may appear as either a direct light source from an unshielded lamp with direct line of sight to 

the observer or through sky glow. Where direct light falls upon a surface, be it land or ocean, this area 

of light is referred to as light spill.  

Sky glow is the diffuse glow caused by light that is screened from view but through reflection and 

refraction, creates a glow in the atmosphere. Scattering of light by dust, salt and other atmospheric 

aerosols increases the visibility of light as sky glow, while the presence of clouds reflecting light back 

to earth can substantially illuminate broad areas the landscape (Kyba et al. 2011). White-blue light 

scatters more easily and further in the atmosphere compared to yellow-orange light (Kyba et al. 2011). 

Therefore, the distance at which direct light and sky glow may be visible from the source is dependent 

on the number, intensity, and types of lights, and how such lights are orientated or shielded, in 

addition to environmental conditions such as topography, vegetation, and cloud cover.  

6.2 Description of Project Lighting – existing campground 

The existing campground was designed and operated with traditional 18 – 36 Watt fluorescent and 12 

- 60 Watt incandescent outdoor lighting (Table 6 and Figure 7). As was typical for the time, the 

campground lighting did not take dark sky conservation into account and consequently there was no 

plan for managing or mitigating the lighting. Examples of the unmanaged lights are shown in Figures 

8 to 10; bare unshielded decorative bulbs (Figure 8), unshielded bulkhead lights (Figure 9) that were 

directly visible from the turtle nesting beaches (Figure 10). These historical lighting design features 

are no longer considered acceptable and consequently the new resort development will feature a 

modern lighting design that will take conservation of dark sky values into consideration. 

 

Figure 7: Existing campground and caravan park. Note cottages high on the hill with direct visibility 
from the nesting beaches. 
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Table 6: Inventory of campground lights. 

Location 

36-Watt 

4000K 

fluorescent 

18-Watt 

4000K 

fluorescent 

12 – 60 W, 2700 – 6500 

K Compact fluorescent 

lamp and incandescent 

globes 

LED 
White street/ 

floodlights 

East End 3 9 4  3 

Overflow area 5  3   

Staff quarters 12 3 9   

Bungalows  7 35   

Cabins   35   

Fishermen’s 
bungalows 

 2 8   

Shed     16  

Storeroom 4 3    

Lookout laundry 1     

Lookout chalets  14 49   

Lighthouse chalets 4 8 8   

West End 20 6 3  3 

Swimming pool 2  1  2 

Office 14 2 6   

Homestead 2 3 42   

Middle 23 6 2   

Café 2 1 25   

 

 

Figure 8: Unshielded bare white decorative light bulbs contribute sky glow and are potentially visible 

from nesting beaches. 
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Figure 9: Unshielded bulkhead lights. 

 

Figure 10: Unshielded bulkhead lights in elevated cabins are directly visible from nearby nesting 

beaches and contribute to sky glow.  

6.3 Description of Project Lighting: Proposed Resort 

6.3.1 LED Technology 

The characteristics of light emissions from the proposed project will depend upon the number, 

intensity, spectral output, and type of light fittings used. Over the past decade there has been major 

technological advances in light design and manufacture with LED technology replacing traditional light 

types such as fluorescent, halogen, metal halide, high pressure sodium etc. The advantages of LEDs 

over traditional light types include superior energy efficiency (i.e. it takes less electricity for the same 

light output compared to traditional lights), they are more robust and operate for a longer lifetime 

(reduced maintenance and replacement costs), they are smaller in size and have a reduced warm up 

and cool down time allowing for instant switching (on/off), they can be operated with smart controls 

(dimmable, timers), they can operate efficiently in hot climates, and are available in a wide range of 

colours. The disadvantages of LEDs are they can over light an area because of their improved efficiency 

i.e. for the same energy input, a LED is much brighter and whiter than an incandescent or a gas 

discharge lamp. 
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6.3.2 Project Lighting 

Project related light sources would be associated with the key components of the resort village and 

the caravan park, including accommodation buildings, administration buildings, commercial services 

buildings, function centre, pools, tennis court, service station, outdoor public space, outdoor movie 

theatre, outdoor decks, and seating and recreation zones (Figures 11 - 13).  

 

Figure 11: Project layout and footprints, resort (top) and campground (bottom) (Kerry Hill 

Architects, Site Master Plan).
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Figure 12: Resort facilities (McGregor Coxall, Landscape Master Plan). 
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Figure 13: Campground facilities (McGregor Coxall, Landscape Master Plan).
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6.4 Viewshed Analysis 

A viewshed analysis was used to determine the line-of-sight visibility of different light sources 

associated with the proposed resort in relation to nearby marine turtle nesting habitat.  

In the absence of a lighting design, the viewshed analysis for the project was carried out based on the 

following assumptions: 

1. Only external lights are accounted for (i.e. light from inside rooms and visible through windows 

and doors not included). 

2. As details on exact fixture locations are not known at this stage, all lights are assumed to be 

spaced evenly, 15 m apart within each specified zone. 

3. All lights were assumed to be no higher than 1.5 m above floor/ground level i.e. no tall mast 

or street lighting was included (preliminary light height provided by the project electrical 

engineers). 

4. Analysis was carried out for the following light groupings: 

a. Resort village on flat land adjacent to the Yardie Creek Road 

b. Sunset Villas located at ~30 m elevation on a ridge behind the resort 

c. Campground and caravan park located in valley behind the Sunset Villas ridge  

5. Topography was based on ~30 m resolution NASA Shuttle Radar Topography Mission (SRTM) 

satellite data. 

6. Nesting habitat area was derived from the location of known nesting sites identified in the 

2018/19 NTP report (DBCA 2020) and covered the beach area seaward of the vegetation line 

(shown as pink polygon in Figure 14). 

7. Viewshed analysis was undertaken for three zones:  

a. Beaches in the Lighthouse Bay region (between north and north-east of the project 

site; Figure 15 - 17). 

b. Beaches along the Ningaloo reef coast and extending from Hunters to Tantabiddi. 

c. The SST. 

The analysis was undertaken using the Viewshed Analysis tool in QGIS 3.8.2.  

The output of the analysis was a two-coloured raster at a 10 m2 pixel resolution across the nesting 

habitat area, where yellow indicates areas where light was ‘visible’ and pink indicates areas where light 
was ‘not visible’ (note that the 10 m2 resolution results in a pixilation across the nesting habitat area 

within the resulting map output).  

Note that the viewshed analysis does not consider factors such as the directionality and intensity of 

the light or the shielding of the light from buildings or nearby vegetation. The viewshed analysis 

consequently presents a worst-case, unmitigated result based on the listed assumptions and is 

provided to gain an understanding of the extent to which light would be visible in the absence of 

mitigation measures.  
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6.4.1 Results 

This results of this viewshed analysis indicate: 

• Resort village lighting would be intermittently visible within the nesting habitat between 

Mildura wreck to the north and Hunters to the west (Figure 15 and Table 7).  

• Sunset villas lighting is more consistently visible along the north east shoreline of Lighthouse 

Bay in addition to a small section of beach north west (Figure 16 and Table 7).  

• Campground lighting will be visible along the nesting habitat extending east and north east of 

the project site (Figure 17 and Table 7).  

Resort lighting appears to be shielded from view by the well-developed sand dunes (10 – 12 m tall) in 

the area of nesting habitat directly north of the resort site. The resort village will be visible to the 

nesting habitat situated north-west of the site (Figure 15) due to a reduction in dune height moving 

east and north, and the curving nature of the nesting beach to the north-east of the site which changes 

the orientation of the beach in relation to the resort resulting in reduced shielding by the dunes. 

Nesting habitat along the Ningaloo coastline west of the project site is completely shielded from direct 

visibility of light by the 60 – 100 m Cape Ranges.  

Sunset villas lighting is shielded from view by the sand dunes in front of the project site on Lighthouse 

Bay, with light visible from only a small section of beach north-west of the project site (Figure 16). 

Visibility of light along the east and north eastern beaches is similar to the resort viewshed with 

visibility mediated by dune structure, height, and coastline orientation relative to the Sunset villa 

location and elevation. Nesting habitat along the Ningaloo coastline west of the project site is 

completely shielded from direct visibility from the Sunset villas by the Cape Ranges. 

The location of the campground area in a small valley, well inland and behind an elevated ridge to the 

north, substantially reduced the visibility of lighting from the nesting habitat immediately adjacent to 

the resort. Light is most visible from the campground on beach sections that are aligned and oriented 

north-east, with the campground situated at the south-west end of the line between the project site 

and the nesting beaches (Figure 17). The elevated topography of the Cape Range shields the western 

Ningaloo coast nesting habitat from direct visibility of campground light. 

The line-of-sight analysis of the three light groupings relative to the SST located ~15 km to the south 

found that light was directly visible from all three light groupings in the resort. 

Table 7: Area of nesting habitat that has visibility of light. 

Light grouping 
Visibility Lighthouse 

Bay coastline 

Visibility Ningaloo 

coastline 

Space Surveillance 

Telescope 

Resort village resort  Yes No Yes 

Sunset villas  Yes No Yes 

Campground Yes No Yes 
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Figure 14: Area of marine turtle nesting habitat at Lighthouse Bay that was used in the 

viewshed analysis. 



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

29 | P a g e  
 

Figure 15: Area of marine turtle nesting habitat at Lighthouse Bay where Resort Village 

lighting was visible.  
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Figure 16: Area of marine turtle nesting habitat at Lighthouse Bay where Sunset villa 

lighting was visible.  
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Figure 17: Area of marine turtle nesting habitat at Lighthouse Bay where campground 

lighting was visible.  
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6.5 Benchmark Artificial Light Levels  

Information on existing light and its visibility from the marine turtle nesting beaches and from the SST 

is necessary so that any additional light from the project during construction and operation of the 

resort facility can be compared with the benchmark data and monitored long term.  

The benchmark images also allow for:  

• All visible, individual light sources to be identified and monitored across a complete night-time 

period; and 

• Suitable comparison against future monitoring seasons; and the effectiveness of any 

implemented light management controls to be quantified. 

A benchmark artificial light at night (ALAN) survey was carried out on the new moon between 11th and 

17th February 2021 and consecutively with the hatchling monitoring program. Sky42 light monitoring 

equipment was deployed on marine turtle nesting beaches and at the SST to capture artificial light 

data during new moon conditions.  

6.5.1 Methodology 

The equipment used to collect ambient night time light emissions is a custom built instrument (Sky42™ 
Digital SLR camera) The Sky42™ camera measures light on a landscape scale including the light at the 
horizon which is most pertinent to hatchlings orienting on the beach. The Sky42™ cameras are stand-

alone, ruggedized within all-weather housing, and can be transported by hand in the field.  

Sky42 cameras were deployed on tripods (set at a height above nearest vegetation) by the field team 

each afternoon and left unattended until their retrieval by the field team the next morning. The 

cameras automatically captured images of night-time light emissions on a 360° horizon at 15-minute 

intervals between sunset and sunrise. The captured imagery was downloaded, cameras charged and 

cleaned, and redeployed each afternoon.  

Artificial light monitoring was completed over eight survey nights and involved the deployment of 

Sky42 cameras. The deployment locations were selected based on nesting effort recorded by the 

Ningaloo Turtle Program (DBCA 2020), distribution of observed hatched nests and the proximity to the 

project site (Table 1 and Figure 1 in Appendix A). The SST was surveyed over three nights from two 

different camera locations, one immediately adjacent to the facility and one 200 m away, both with 

line-of-sight visibility to the project location, the Town of Exmouth and the Harold E Holt (HEH) 

facilities. The light monitoring work scope were undertaken in accordance with PENV’s Light 
Monitoring SOP (PIMS-SOP14; provided upon request). 

6.5.2 Data Analysis 

The quality of an image captured by a Sky42 light monitoring camera can be influenced by atmospheric 

factors such as the presence of the moon, twilight, rain, dust, humidity, or physical factors such as 

accumulation of sand on the lens. Any images that were affected by these factors were removed from 

the analysis. 
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All remaining images were batch processed using specialised software (Sky Quality Camera, Euromix 

Pty Ltd). The processing involved converting each image into a false-colour map and calculating three 

sky brightness metrics in units of Vmag/arcsec2: 

• Zenith (directly overhead, 0 – 30° field of view); 

• Whole of sky (0 – 90° field of view); and 

• Horizon (60 – 90° field of view). 

For each monitoring site, the clearest night was selected and all images recorded on that night were 

processed. The image with the median whole-of-sky brightness image was then used to represent light 

levels at that location. 

Note that the colours used in the false-colour map represent the scale of intensity of light and is not 

representative of the colour of light as perceived by a human/turtle eye or Sky42 camera. Furthermore, 

the units of sky brightness (Vmag/arcsec2) are on an inverted logarithmic scale, i.e. higher values 

represent lower intensity light, while lower values represent higher intensity light. The zenith 

brightness values can be interpreted using the Bortle scale sky quality guide shown in Table 3 in 

Appendix A.  

The processed median image was subdivided into 1° segments within the horizon field of view (60 – 

90°), (the area most relevant to hatchlings). The mean light intensity value within each segment was 

calculated and plotted on a line graph. The line graph is used to identify the areas of highest light 

intensity along the horizon, with comparisons over subsequent seasons allowing for changes in light 

intensity and its location to be identified (if required). The graph is also integrated with hatchling fan 

data and allows the orientation of the hatchlings to be compared with the direction of light at the 

nesting beach. 

6.5.3 Survey results 

The survey results show that glow from the regional light sources, including Exmouth, Harold E Holt 

base, and the antenna array are visible from all monitored sites (including the SST), while offshore oil 

and gas facilities (due north of the NW Cape) were also visible from monitoring sites on north facing 

beaches (directly visible plus sky glow)  ( Appendix A). The results suggest the current sky quality across 

all sites is equivalent to a rural sky on the Bortle scale (approx. 21.69 – 21.89 Vmag/arcsec2), declining 

to rural/suburban transition quality (20.49 – 21.69 Vmag/arcsec2) when cloud cover reflects the local 

light sources across the landscape. 

 

The location of the project site relative to the SST means that any light from the project will introduce 

sky glow into a region of the SST monitoring horizon that is currently dark.  

6.5.4 Integration of benchmark hatchling and light results  

The integrated hatchling fan metrics and light data are shown in Appendix A. 

The results from Wobiri on the west coast of the Cape Range show the nest fans within one km of the 

monitoring site had a moderate spread angle and were highly oriented seaward in a north westerly 
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direction and did not orient towards the peak sky glow over the antenna array in the east, nor the 

south easterly glow from the Exmouth and HEH base. 

The results from Tamarisk site immediately adjacent to the project site show the nest fans within one 

km of the monitoring site had a large spread angle but oriented seaward in an overall northerly 

direction and did not orient towards the peak sky glow over the antenna array in the east, nor the 

southerly glow from the Exmouth and HEH base. 

The results from Surf Beach north east of the project stie show the nest fans within one km of the 

monitoring site had the smallest spread angle compared to the other two sites (Wobiri and Tamarisk) 

and were highly oriented seaward in a westerly direction. They did not orient towards the peak sky 

glow over the antenna array visible in the east. 
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Figure 18: Sky brightness at each artificial light monitoring site. Brightness scale in images 
ranges from very bright (white/red) to very dark (black). See Appendix A for complete set of 
images.  
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6.6 Artificial Light at Night Modelling  

The lighting design for the project is yet to be completed. Once the design isfinalised, it will be tested 

for the project’s overall contribution to sky glow and visibility to turtle nesting beaches and the SST, 

using a landscape scale light model. The model will be built and run once the lighting design is 

completed and reported in a stand alone report . Model output will be used to refine the project light 

design and to confirm the appropriateness of the design in conserving the dark sky and minimising 

light pollution.  
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7 LIGHTING IMPACT ASSESSMENT  

7.1 Impact Assessment Methodology 

The potential impacts of lighting associated with the project during both construction and operational 

phases are assessed utilising an impact assessment matrix. The impact assessment process is modified 

from the Great Barrier Reef Marine Park Authority Environmental Assessment and Management Risk 

Management Framework (GBRMPA 2009). The impact assessment process is described in Table 8 with 

descriptions of the likelihood and consequence definitions provided in Table 9 and Table 10, 

respectively. In this section we assess the impacts before (inherent) and after (residual) mitigation 

measures outlined in the ALMP (see Section 9) are applied. 

Table 8: Impact Assessment Matrix. 

Likelihood 

(see Table 9 for 
definition) 

Consequence  

(see Table 10 for definition) 

Insignificant Minor Moderate Major Catastrophic 

1 2 3 4 5 

Almost certain 

(96 – 100 %) 
5 

Medium 

5 
High 

10 
High 

15 
Extreme 

20 
Extreme 

25 

Likely 

(71 – 95 %) 
4 

Medium 

4 
Medium 

8 
High 

12 
High 

16 
Extreme 

20 

Possible 

(31 – 70 %) 
3 

Low 

3 
Medium 

6 
Medium 

9 
High 

12 
High 

15 

Unlikely 

(5 – 30 %) 
2 

Low 

2 
Low 

4 
Medium 

6 
Medium 

8 
High 

10 

Rare 

(0 – 5 %) 
1 

Low 

1 
Low 

2 
Low 

3 
Medium 

4 
Medium 

5 

 
Table 9: Definition of likelihood. 

Description Frequency  Probability 

Almost 
certain 

Expected to occur continuously throughout a year (e.g. more than 
250 days per year) 

96 – 100 % 

Likely 
Expected to occur once or many times in a year (e.g. 1 to 250 days 
per year) 

71 – 95 % 

Possible Expected to occur once or more in the period of 1 to 10 years 31 – 70 % 

Unlikely 
Expected to occur more than once in the period of 10 or more 
years 

5 – 30 % 

Rare Expected to occur once or less over project life 0 – 5 % 
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Table 10: Definition of consequence. 

Description Definition 

Insignificant 
Little to no impact on the overall ecosystem. Very small levels of impact on turtles, 

and their habitats. Only occasional injury to, or mortality of, turtles. 

Minor 

Impacts are present, but not to the extent that the overall condition of turtle 

populations or their habitats are impaired in the long term. Low levels of mortality 

of turtles and their habitats. Recovery would generally be measured in years for 

habitats. 

Moderate 

Turtles and their habitats are significantly affected, as outlined in the Significant 

Impact Guidelines (Commonwealth of Australia 2013). Recovery at habitat level 

would take at least a decade, with recovery of turtle populations taking several 

decades. 

Major  

Significant impact on turtle populations and their habitats, as outlined in the 

Significant Impact Guidelines (Commonwealth of Australia 2013), with high level of 

mortality. Recovery of habitats would take a few decades with populations taking 

several decades. 

Catastrophic 

Turtle habitat is irretrievably compromised. Mass mortality of turtles and local 

extinction of species. Recovery over several decades for habitat values and centuries 

for turtle populations. 

7.2 Significant Impact Criteria 

The Significant Impact Guidelines (Commonwealth of Australia 2013) provide criteria under which an 

action can be assessed. An action is likely to have a significant impact on an endangered or vulnerable 

species if there is a real chance or possibility that it will: 

• Lead to a long-term decrease in the size of a population (endangered) or important population 

(vulnerable); 

• Reduce the area of occupancy of the species (endangered) or important population 

(vulnerable); 

• Fragment an existing population (endangered) or important population (vulnerable) into two 

or more populations; 

• Adversely affect habitat critical to the survival of a species; 

• Disrupt the breeding cycle of a population (endangered) or important population (vulnerable); 

• Modify, destroy, remove, isolate, or decrease the availability or quality of habitat to the extent 

that the species is likely to decline; 

• Result in invasive species that are harmful to an endangered or vulnerable species becoming 

established in the endangered or vulnerable species’ habitat; 

• Introduce disease that may cause the species to decline; or 

• Interfere (endangered) or substantially interfere (vulnerable) with the recovery of the species. 

The potential for significant impacts is assessed based on the outcomes of the impact assessment.  
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7.3 Impact Analysis: Marine Turtles 

In general, artificial light most disruptive to marine turtles are those rich in short wavelength blue and 

green light (400 – 550 nm) (Fritsches 2012; Pendoley 2005; Witherington 1992a). The attractiveness 

to light differs by species (Horch et al. 2008; Pendoley 2005; Wang et al. 2007; Witherington & Bjorndal 

1991a, 1991b), however, green, flatback, and loggerhead turtles all show increased sensitivity to 

wavelengths <600 nm (Fritsches 2012; Pendoley 2005; Levenson et al. 2004). Furthermore, green and 

flatback turtles show stronger preference for blue light <500 nm (Fritsches 2012; Pendoley 2005). Thus, 

cooler, whiter lights are more likely to attract turtles in comparison to warmer, amber lights. 

Although longer wavelengths of light are less attractive than shorter wavelengths, long wavelength 

light can still disrupt the ability of hatchlings to locate the sea (Robertson et al. 2016; Pendoley 2005; 

Pendoley & Kamrowski 2015), and if bright enough, can elicit a similar response to shorter wavelength 

light (Mrosovsky 1972; Mrosovsky & Shettleworth 1968; Pendoley & Kamrowski 2015; Cabrera-Cruz et 

al. 2018). Hence, the disruptive effect of light on hatchlings is also strongly correlated with intensity. 

Red light (~650 – 700 nm) must be almost 600 times more intense than blue light before green turtle 

hatchlings show an equal preference for the two colours (Mrosovsky 1972).  

In the absence of competing light sources, there is potential for artificial light to result in behavioural 

impacts to marine turtles, should the intensity be great enough, even if spectral output of light sources 

are outside the peak sensitivity of marine turtles (i.e. >600 nm).  

7.3.1 Nesting: Adult Females 

Adult female marine turtles return to land, predominantly at night, to nest on sandy beaches, relying 

on visual cues to select, and orient on, nesting beaches. Disruption to nesting behaviour due to artificial 

lighting on or near beaches is relatively well documented (Witherington & Martin 2003). For example, 

beaches with light spill, such as those located adjacent to urban developments, roadways, and piers, 

often have lower densities of nesting females compared to beaches with less development (Salmon 

2003; Hu et al. 2018).  

It has been postulated that neophytes (females breeding for the first time) are more vulnerable to 

nesting disruption by artificial light compared to experienced females that had nested at a given beach 

prior to the introduction of light sources (pers. comm. C. Limpus, Department of Environment and 

Science, Queensland Government). Anecdotal outcomes of long-term marine turtle monitoring 

programs across Australia suggest that (assumed) neophyte turtles favour nesting on dark beaches 

unaffected by onshore light pollution, whereas experienced nesters continue to use light affected 

beaches. Over time this could result in changes in nesting distribution in response to artificial light. 

In addition to potential impacts to nesting females prior to or during nesting, artificial light also has 

the potential to impact post-nesting behaviour. On completion of laying, nesting females are thought 

to use light cues to return to open ocean, orientating towards the brightest light (Witherington & 

Martin 2003). However, observations of nesting females and emerging hatchlings at the same beach 

showed that females were disorientated much less frequently than hatchlings (Witherington 1992b), 

indicating that nesting females are less vulnerable to impacts of artificial light on sea-finding behaviour 

post nesting.  
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The viewshed analysis indicates that little nesting habitat directly adjacent to the project in Lighthouse 

Bay, and none of the western Ningaloo coastline, would have direct visibility of light (Figures 15 - 17). 

Because nesting females do not appear to be as sensitive as hatchlings to light there is a reduced 

likelihood they will be affected by directly visible light, particularly if the light source is situated a large 

distance away. It is possible that females that get lost in the dune system immediately adjacent to the 

resort location and hence crawl inland, could potentially become confused by the light and either fail 

to return to the ocean or use valuable energy reserves in doing so.  

The February 2021 survey found no evidence of misorientation in adult females returning to the ocean 

following nesting, despite the visibility of sky glow from the antenna array, Harold E Holt base and/or 

Exmouth from all surveyed nesting beaches.   

With the additional control measures applied (outlined in Section 9), direct visibility of onshore sources 

of light at the nesting habitat area is not expected to occur and the proposed colour and intensity of 

light would minimise any potential disturbance. Therefore, light from onshore sources is not 

considered bright enough to deter nesting activity at the beach.  

Table 11: Summary of the impact assessment for nesting marine turtles. 

Impact Consequence Likelihood Ranking 

Inherent Insignificant (1) Possible (3) Low (3) 

Residual Insignificant (1) Unlikely (2) Low (2) 

7.3.2 Emerging Hatchlings 

Hatchling turtles emerge from the nest, typically at night (Mrosovsky & Shettleworth 1968), and must 

rapidly reach the ocean to avoid predation (Salmon 2003). Hatchlings locate the ocean using a 

combination of topographic and brightness cues, orienting towards the lower, brighter oceanic 

horizon, and away from elevated darkened silhouettes of dunes and/or vegetation behind the beach 

(Pendoley & Kamrowski 2015; Lohmann et al. 1997; Limpus & Kamrowski 2013).  

Artificial lights interfere with natural light levels and silhouettes, which disrupts hatchling sea-finding 

behaviour (Witherington & Martin 2003; Pendoley & Kamrowski 2015; Kamrowski et al. 2014). 

Hatchlings may become disorientated - where hatchlings crawl on circuitous paths; or become 

misorientated - where they move in the wrong direction, possibly attracted to artificial lights 

(Witherington & Martin 2003; Lohmann et al. 1997; Salmon 2003). Hatchlings disoriented or 

misoriented by artificial lighting may take longer, or fail, to reach the sea. This may result in increased 

mortality through dehydration, predation, or exhaustion (Salmon & Witherington 1995).  

Hatchling orientation has been shown to be disrupted by light produced at distances of up to 18 km 

from the nesting beach (Hodge et al. 2007; Kamrowski et al. 2014), although the degree of impact 

would be influenced by a number of factors including light intensity, visibility (a function of lamp 

orientation and shielding), spectral power distribution (wavelength and colour), atmospheric 

scattering, cloud reflectance, spatial extent of sky glow, duration of exposure, horizon elevation, and 

lunar phase.  

Disruption to orientation of emerging hatchlings was found to occur most often during the new moon 

phase and least frequently during full moon phases (Salmon & Witherington 1995). Experiments 

showed that background illumination from the moon (while in phases closer to full moon), restored 



NINGALOO LIGHTHOUSE RESORT DEVELOPMENT 

ARTIFICAL LIGHT ASSESSMENT AND MANAGEMENT PLAN 

41 | P a g e  

normal sea-finding behaviour in hatchlings but did not result in attraction in the direction of the moon. 

It was concluded that background illumination from the moon reduced light intensity gradients of 

artificial light, reducing, but not eliminating, its effect on hatchling orientation (Salmon & Witherington 

1995).  

The viewshed analysis indicates that little nesting habitat directly adjacent to the project in Lighthouse 

Bay, and none of the western Ningaloo coastline, would have direct visibility of light (Figures 15 – 17). 

The orientation of this beach means that light will be visible along the beach (as opposed to behind 

the dunes at the back of the beaches) and could potentially override the influence of other sea finding 

cues. 

Hatchlings are also strongly influenced by sky glow on the horizon during sea finding and it is important 

to recognise this is not captured in the viewshed analysis which addressed lights that are directly visible 

only. Hatchlings integrate light cues on the horizon, across a field of view ~30° high and ~180° wide 

when sea finding (Lohmann et al. 1997) and consequently any sky glow visible from inland will 

potentially impact on the ability of hatchlings to find the ocean. The degree to which sky glow impacts 

on sea finding is a function of the sky glow colour, intensity, areal extent and elevation, with bright 

white extensive domes of light low on the horizon potentially causing substantial disorientation and 

misorientation in hatchlings.  

Unpublished evidence is emerging that suggests there is a species difference in sensitivity to light by 

turtle hatchlings during sea finding, with green and hawksbill turtles more sensitive to light cues and 

beach topography than flatback hatchlings (pers. obs. K. Pendoley and P. Whittock). The predominance 

of green nesting on the regional beaches at the project site means that these hatchlings might be at a 

greater risk of misorientation from light, particularly on beaches that are oriented so that the 

hatchlings lack strong topographic features such as dunes or vegetation providing a tall dark horizon 

cue needed by hatchlings in sea finding.  

The results of the February 2021 benchmark survey found that the green hatchlings were orientating 

normally and that the sky glow from the antenna array, Harold E Holt base and Exmouth was not 

causing detectable population level misorientation or reduction in sea finding. While this single survey 

does not account for any seasonal or interannual variations that might occur in green hatchling 

orientation on the North West Cape, the sample size was large enough to provide confidence in the 

results from this survey and the risk assessment has been revised based on those findings.  

If uncontrolled, project related night-time lighting could lead to disorientation of hatchling turtles on 

the beaches north and north east of the project site. This could result in consistent annual mortality 

and, in the long-term, a potential decrease in the overall size of the population. However, once control 

measures outlined in Section 9 are applied, including the shielding and redirection of lighting and the 

use of lights with suitable wavelengths and intensities, disorientation of hatchling turtles on the beach 

has a reduced likelihood resulting in a lower risk value. Outcomes of the risk assessment is provided in 

Table 12. 

Table 12: Summary of the impact assessment for emerging hatchling marine turtles. 

Impact Consequence Likelihood Ranking 

Inherent Minor (2) Possible (3) Medium (6) 

Residual Insignificant (1) Possible (3) Low () 
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7.3.3 Offshore Hatchlings 

Once in nearshore waters, artificial lights on land can also interfere with the dispersal of hatchlings. 

The presence of artificial light can slow their in-water dispersal (Witherington & Bjorndal 1991; Wilson 

et al. 2018), or increase their dispersion path, potentially depleting yolk reserves, or even attract 

hatchings back to shore (Truscott et al. 2017). In addition, artificial light can influence predation rates, 

with increased predation of hatchlings in offshore areas with significant sky glow (Gyuris 1994; Pilcher 

et al. 2000). Since the nearshore area tends to be predator-rich, hatchling survival may depend on 

them exiting this area rapidly (Gyuris 1994). Should this be the case, aggregation of predatory fish 

occurring in artificially lit areas and under artificial structures (see Wilson et al. 2019) may further 

increase the predation risk to hatchlings. 

An internal compass set while crawling down the beach, together with wave cues, are used to reliably 

guide hatchlings offshore (Lohmann & Lohmann 1992; Stapput & Wiltschko 2005). In the absence of 

wave cues, however, swimming hatchlings have been shown to orientate towards light cues (Lorne & 

Salmon 2007; Harewood & Horrocks 2008) and in some cases, wave cues were overridden by light cues 

(Thums et al. 2013, 2016; Wilson et al. 2018).  

The speed and direction of at-sea dispersal is substantially influenced by currents. The offshore 

trajectory of flatback hatchlings at Thevenard Island, Western Australia was displaced by tidal currents 

that ran parallel to the beach, an effect that increased as the hatchlings moved further offshore (Wilson 

et al. 2018, 2019). However, when light was present this effect was diminished, showing that hatchlings 

actively swam against currents and towards the light source, which slowed their offshore dispersal 

from 0.5 m/s when no light was present, to 0.35 - 0.44 m/s, depending on the type of light (Wilson et 

al. 2018). Wilson et al. (2018) demonstrated that when flatback hatchlings were within 150 m of the 

beach, they were able to swim against currents up to 0.3 m/s. These results suggest that hatchlings 

can move in any direction when their swimming speed is greater than the speed of the nearshore 

current, although the speed at which currents can no longer be overcome by hatchlings will be species 

specific and related to swimming speeds.  

The maximum velocity of the tidal current in the nearshore waters of the region (0.5 m/s) is faster than 

the reported swimming speed of hatchlings (Thums et al. 2016). This means that that once the 

hatchlings enter the water, they are likely to be influenced by tidal currents and dispersed over a large 

geographical area. Therefore, if a hatchling turtle was attracted back to shore by the project light, the 

tidal current would likely be too strong for the hatchling to move towards it and instead would be 

carried along the coast or offshore. However, during periods when the velocity of the tidal current was 

slower than the hatchling swim speed, there remains a potential for a hatchling to move towards a 

light if attracted,, potentially increasing its exposure to predation and causing exhaustion. With control 

measures for lighting outlined in Section 9 applied, the risk of impact is likely to be low. Outcomes of 

the risk assessment is provided in Table 13. 

Table 13: Summary of the impact assessment for offshore hatchling marine turtles. 

Impact Consequence Likelihood Ranking 

Inherent Minor (2) Possible (3) Medium (6) 

Residual Minor (2) Unlikely (2) Low (4) 
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7.3.4 Significant Impact Assessment 

Considering the information provided above, and the implementation of control measures outlined in 

Section 9, significant impacts to marine turtles are not expected as a result of project lighting as 

summarised in Table 14. 

Table 14: Summary of significant impact of the project lighting on marine turtles.  

Significant Impact 

Criteria 
Assessment of significance 

Lead to a long-term 
decrease in the size of a 
population 

Of greatest risk is the potential impact of light pollution disrupting 
hatchling turtle behaviour on the beach. Control measures, including 
monitoring and adaptive management, will eliminate light spill and 
shield any light directly visible at the nesting habitat, and minimise 
additional skyglow, reducing potential impacts to hatchling turtles. 
Should any changes in hatchling behaviour on the local beaches be 
detected pre- and post-construction, and throughout operations, 
adaptive management will identify and rectify potential impacts to 
prevent long term declines. Accordingly, long-term decreases in the 
size of the population or genetic stock are not expected. 

Reduce the area of 
occupancy of the species 

Light spill on nesting habitat is not anticipated to occur due to the 
location of the project and the control measures in place to manage 
and monitor lights and minimise additional skyglow. Furthermore, 
monitoring and adaptive management will ensure that if changes in 
turtle nesting behaviour are detected, the cause will be rectified to 
prevent changes in area occupancy. Accordingly, the project is not 
expected to reduce the area of occupancy of marine turtle species. 

Fragment an existing 
population into two or 
more populations 

The genetic stocks for each turtle species identified in Table 2 occur 
over a large geographical area and comprise numerous nesting 
beaches. Fragmentation of nesting populations within each genetic 
stock are not considered likely to occur given the nature of the project 
lighting. 

Adversely affect habitat 
critical to the survival of a 
species 

Beaches and adjacent waters in the vicinity of the project are identified 
as habitat critical to the survival of the species for green and loggerhead 
turtles (Section 2.1). Large areas of nesting habitat could be impacted 
by the direct visibility of light. However, control measures, including 
monitoring and adaptive management, will eliminate light spill and 
shield any light directly visible at nesting habitat, and minimise 
additional skyglow, reducing potential impacts to nesting turtles. 
Should any changes in hatchling behaviour be detected before and 
after construction, adaptive management will rectify any identified 
adverse effects. Therefore, the project is not expected to adversely 
affect habitat critical to the survival of marine turtles. 

Disrupt the breeding 
cycle of a population 

The direct visibility of light at the nesting habitat will be controlled so 
that no direct light will be detected at nesting beaches and skyglow will 
be minimised. Should any changes in turtle nesting and hatchling 
behaviour be detected before and after construction, and throughout 
operation, adaptive management will identify and rectify potential 
impacts, preventing disruption to the breeding cycle. Accordingly, 
disruption to the marine turtle breeding cycles is not expected. 
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Significant Impact 

Criteria 
Assessment of significance 

Modify, destroy, remove, 
isolate, or decrease the 
availability or quality of 
habitat to the extent that 
the species is likely to 
decline 

There is a pathway for light pollution to decrease the quality of nesting 
habitat. However, proposed control measures will aim to ensure no 
direct light is detected at nesting beaches and skyglow will be 
minimised. Should any changes in turtle nesting and hatchling 
behaviour be detected before and after construction, and throughout 
operation, adaptive management will identify and rectify changes to 
nesting habitat so that the marine turtle populations are not impacted. 

Result in invasive species 
that are harmful to a 
species becoming 
established in the 
endangered or vulnerable 
species’ habitat 

Light sources are not expected to result in introduction of invasive 
species. However, existing populations of invasive species may utilise 
artificial light to extend foraging conditions. Recently laid turtle nests 
would be most vulnerable to predation from invasive species such as 
feral pigs or foxes. However, the proposed control measures will aim to 
ensure no direct light spill is detected at nesting beaches preventing 
any significant impact occurring because of invasive species.  

Introduce disease that 
may cause the species to 
decline 

Not applicable to light emissions. 

Interfere with the 
recovery of the species 

The status of each marine turtle species’ genetic stock is outlined in 
Table 2. With proposed control measures in place, the impact of light 
pollution on nesting and hatchling emergence behaviour is unlikely to 
significantly affect the marine turtle populations in the long term. 
Furthermore, the implementation of monitoring and adaptive 
management will prevent long term impacts on nesting and hatchling 
emergence behaviour. Accordingly, the project is not expected to 
interfere with the recovery of the genetic stocks. 

 

7.4  Impact Analysis: Space Surveillance Telescope  

7.4.1 Impact Criteria 

There are no published impact criteria for Observatories. Light pollution may impact the successful 

operation of the SST in two ways; affecting the relative brightness of objects against the night sky, 

and/or image exposure time. The sky must be darker than the object being observed for the object to 

be visible to the SST and the exposure time for each image must be short enough that the SST can 

collect enough images in a night to detect objects moving through the field of view. 

The observatory should not experience any loss in detection ability, i.e. they should be able to continue 

to observe faint objects at the detection limits originally defined for the instrument. The SST was 

designed to detect objects shining at a brightness of 20.5 apparent magnitudes (Ruprecht et al. 2018). 

Consequently, if the brightness of the sky at the SST becomes brighter than 20.5 apparent magnitudes 

then the SST will not be able to detect objects shining at this intensity against the bright sky.  

To detect objects moving across the sky, the SST must collect multiple images of the whole sky in the 

same night. The SST aims to cover the whole sky four times per night, producing thousands of images 

per night, however, the number of images that can be collected in a night is a function of the number 

and duration of exposures and this exposure time is strongly influenced by light pollution. The greater 
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the light pollution, the longer the exposure time required to detect dim objects and so the fewer 

exposures that can be collected in one night. 

The sky quality at the SST was measured during the February 2021 ALAN survey.  The details of the 

survey, including methods, data analysis and survey results, are presented in section 6.5 and used in 

the following impact assessment.   

7.4.2 Impact Analysis  

The viewshed analysis indicates that light from the project’s campground and Sunset Villas will be 
visible from the SST, however lights from the resort village will not be visible. The February 2021 ALAN 

survey was carried out after the campground had been decommissioned (i.e. there are no external 

lights in use at the site) and consequently it was unable to confirm the line of sight analysis. However, 

the survey did establish the visibility of other light sources in the vicinity of the SST; Exmouth, Harold 

E Holt base and the antenna array are bright sources of both directly visible light and sky glow (Figure 

A.7 Appendix A) and, the sky to the north of the SST (and in the direction of the project site) is currently 

dark.    

The 15 km distance between the project site and the SST means that the intensity of the light will be 

substantially reduced when it reaches the SST. If uncontrolled, night-time lighting could impact on SST 

observing conditions which could result in a reduction in the amount of data collected and, in the long-

term, a potential decrease in the ability to monitor space debris.  

Consequently, there is a pathway for light pollution to decrease the quality of the observing sky in the 

direction of the project site from the SST. Proposed control measures outlined in Section 9, including 

the shielding and redirection of lighting and the use of lights with suitable wavelengths and intensities, 

will ensure no direct light is visible from the SST and that skyglow will be minimised. Should any 

changes in SST observing be detected before and after construction, and throughout operation, 

adaptive management will identify and manage lights in the project that impact on the quality of the 

observing sky, so that the ability of the SST to collect data is not impacted. 
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8 ARTIFICIAL LIGHT MANAGEMENT PLAN  

The objectives of this ALMP are as follows: 

• Reduce the output of light from the project to as low as reasonably practicable; and 

• Ensure project sources of light are not directly visible from turtle nesting beaches or the SST. 

The following sections of the ALMP provides guidance for how best to achieve these objectives. This 

ALMP applies to lighting associated with the project.  

This ALMP does not allow for seasonal light management (i.e. variation in light management around 

the turtle nesting/hatching season) due to the year round need for maintenance of dark skies for the 

SST, the potential for year round nesting by hawksbill turtles on nesting beaches and the conservation 

of dark skies for the enjoyment of guests.  

8.1 Best Practice Lighting Design Principles 

The following best practice light design principles for external light sources, summarised in Figure 19, 

are modified from Appendix A of the guidelines (Commonwealth of Australia 2020) to be specific to 

the proposed project, and the wildlife and SST values described in Section 3 and 4.  

 

Figure 19: Summary best practice lighting design principles applicable to the proposed project. 
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8.2 Lighting Design Control Measures 

8.2.1 Use Minimum Number and Intensity of Lights 

Starting from a base case of no lights, use only the minimum number and intensity of lights needed to 

provide safe and secure illumination required to meet the lighting objectives, including health and 

safety requirements. Avoiding light fixtures surplus to needs will decrease overall light emissions. For 

marine turtles, the intensity of light is as important a cue as colour (Mrosovsky 1972; Mrosovsky & 

Shettleworth 1968; Pendoley & Kamrowski 2015). Intensity should be reduced to as low as possible, 

regardless of the type, colour, and planned operation of the light. 

There may be a trade-off between the number of lights and intensity of each light, which can only be 

explored with the use of modelling. Intensity of light should be measured in lumens, not wattage, when 

comparing intensity between different lighting design options. 

Control measure: 

• A comparative assessment of lighting designs to identify the minimum number and intensity 

of lights required to meet lighting objectives. 

8.2.2 Adapt Lighting for Colour, Intensity and Timing 

Potential for impacts from white light is universal across fauna groups (Commonwealth of Australia 

2020). However, the optimum wavelength for reducing potential impacts differs between the species 

and the behaviours being undertaken. Marine turtles are most sensitive to short wavelength (UV to 

blue/green) (Section 3). 

Therefore, where compliant with health and safety requirements, white lights should be avoided and 

amber/orange lights used instead. Because long wavelength light scatters much less than white light 

and produces less sky glow, the impacts on both marine turtles and the SST will be reduced. If white 

lights are required, filters to block green, blue, violet, and ultra-violet wavelengths should be applied. 

For lights that are not required to be continuously lit, smart LED technology should be implemented 

to allow for switching off when not in use, or the use of intermittent flashing lights. The suitability of 

different commercial lights, with respect to reducing impacts to marine turtles is summarised in Table 

15.  

Independently assessed and certified light types suitable for use in various applications, including those 

most suitable for use around wildlife, can be found at the ADSA website under the ADSA Approved 

luminaire program (https://www.australasiandarkskyalliance.org/certified-luminaires). The ADSA 

Approved luminaires listed on the site, conform with dark sky principles specific to Australasian 

standards and guidelines including AS/NZS 4282:2019 and the Australian Commonwealth National 

Light Pollution Guidelines   (Commonwealth of Australia 2020).  

  

https://shop.standards.govt.nz/catalog/4282:2019(AS%7CNZS)/scope?
https://environment.gov.au/biodiversity/publications/national-light-pollution-guidelines-wildlife#:~:text=The%20National%20Light%20Pollution%20Guidelines%20aim%20to%20raise,and%20managing%20these%20impacts%20around%20susceptible%20listed%20wildlife.
https://environment.gov.au/biodiversity/publications/national-light-pollution-guidelines-wildlife#:~:text=The%20National%20Light%20Pollution%20Guidelines%20aim%20to%20raise,and%20managing%20these%20impacts%20around%20susceptible%20listed%20wildlife.
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Table 15: Suitability of commercial lights. Source: Commonwealth of Australia (2020). 

Light type Suitability  

Low Pressure Sodium Vapour 

Recommended 

* ‘Filtered’ means this type of luminaire 
can be used only if a filter is applied to 

remove the short wavelength light 

High Pressure Sodium Vapour 

Amber/orange LED 

Filtered* LED 

Filtered* metal halide 

Filtered* white LED 

White LED 

Not recommended 

Metal halide 

White fluorescent 

Halogen 

Mercury vapour 

Control measures: 

• Accommodation buildings, outdoor lighting to utilise amber LED emitters (~585 nm ‘true 
amber’, ‘phosphor-coated (PC Amber’). 

• Outdoor public areas, high mast floodlighting to be minimised and to utilise reduced blue LED 

(≤ 2700 K CCT light)  

• Walkway/pathway utilise amber LED emitters (~585 nm ‘true amber’ emitters, ‘phosphor-

coated amber’). 

• Streetlights to utilise LEDs with a CCT equal to or lower than 2300 K. 

• If specific, intermittent tasks require a brighter white light for better colour rendition (i.e. 

higher CCT), head torches should be used. 

• Lighting design to identify lights that are not required to be continuously lit. 

• Lights that are not required to be continuously lit to be motion activated, put on a timer, or 

wired to allow manual ON/OFF operation. 

• All non-essential lighting to be automatically switched off at a predetermined curfew hour, 

nominally 9 pm each night. 

• Flashing/intermittent lights, or reflectors to be installed instead of fixed beam to identify an 

entrance or delineate a pathway (e.g. to the beach). 

• Tennis court lights colour temperature to be as low are practicable for safely playing the game 

and subject to a 9 pm curfew. 

8.2.3 Light only the Area Intended 

Light spill is light that falls outside the area that is intended to be lit. Vertical light spill is light that spills 

above the horizontal plane, which contributes directly to artificial sky glow. Light spill that spills into 

adjacent areas is known as light trespass, and can potentially impact wildlife, such as marine turtle 

hatchlings, present in adjacent areas and the operation of the SST. To avoid any form of light spill, light 

fittings should be designed, located, and directed to avoid lighting anything but the target area. 
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Control measures: 

• All lights to be directed downwards using targeted asymmetrical distribution to illuminate only 

the specific areas of need, while minimising the reflectance. 

• All lights to be mounted at a height as low as possible while meeting lighting objectives e.g. 

low bollard lighting for pathways and walkways, low wall mounted lights around buildings and 

on decks, bannister mounted lights on stairs or embedded in risers and focussed downwards.  

• Streetlights to only be used where necessary, i.e. in high traffic areas such as road junctions, 

pole heights should be as low as possible and consideration given to using bollard lighting in 

place of light poles/masts, pole height should be capped at 3 m. 

• The existing vegetation between the project site and adjacent bushland, dunes, and beaches 

to be maintained and enhanced where feasible.  

• No unshielded wall mounted bulkhead lighting to be used on buildings, including balconies 

(see Figures 9 and 10). 

• All balcony lighting to be on a curfew and automatically switched off at 9 pm at night. 

• Project lights to be directed away from turtle nesting beaches and the SST. For lights required 

to be directed in the direction of the nesting beaches or the SST, lights should be placed so 

that buildings provide inherent shielding. 

• Shielding of all lights to achieve an upward waste light output ratio (ULR) of 0 %. Shielding can 

be achieved by recessing the light fitting into roof structures, eaves or building ceilings, and by 

using the light housing which prevents horizontal light above a 45-degree angle. 

• All glass (windows/doors) of buildings to have a glass light transmissivity rating of 0.5 or less. 

• All glass (windows/doors) of buildings to have opaque (block-out) blinds/curtains/shutters 

fitted. 

• Position doors and windows facing on the east and west ends of the building to avoid light 

escaping in the direction of the nesting beaches and the SST. 

• The outdoor cinema to confine and contain the projector beam to the surface of the screen 

and border shields to be installed on the screen edge to prevent the beam escaping and shining 

in the direction of the beach. 

• All pools to be fully enclosed by opaque walls (i.e. no glass walls to contain the water). 

• All pool lights to be mounted on the walls only (no upward shining lights mounted on the pool 

floor). 

• No uncontrolled unshielded decorative lighting, no upward facing lights illuminating trees, 

foliage, or gardens. 

• No upward facing lighting to illuminate buildings facades.  

• Petrol station (campground site) lighting to be built into and contained by a roof over the 

refuelling bowsers and forecourt, avoid high mast lighting of standing areas and ensure lights 

are directed away from the SST. 
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• All service and laydown areas to be illuminate only where and when it is needed and shielded 

to prevent light spill. Mast lighting to be mounted at a maximum height of three m.  

• Tennis courts (adjacent to turtle nesting beach) consider relocating tennis courts away from 

nesting beach, lights to be fully shielded. 

• Maintain or enhance elevated horizons and topographic features such as vegetation or 

barriers to screen the resort from nesting beaches or the SST. 

8.2.4 Use Non-reflective, Dark Coloured Surfaces 

Light reflected from highly polished, shiny, or light-coloured surfaces can contribute to sky glow. Use 

of dark matte surfaces can reduce reflectance and scattering of light that contributes to sky glow.  

Control measures: 

• Exterior finishes on all buildings to be matte and have a maximum reflective value of 30 %. 

• All other surfaces, including roads, to be matte and have a maximum reflective value of 30 %, 

unless not technically feasible or presents a health and safety risk. 

• Avoid shiny bright white painted surfaces on buildings, on wastewater treatment tanks and 

facilities and in-service areas. 

8.3 Construction Control Measures (Temporary) 

• Avoid construction at night during the turtle season. 

• Switch off all construction lighting when not in use. 

• Prevent mobile light sources shining on nesting beaches or towards the SST and keep the 

height of these to a minimum. 

8.4 Operational Control Measures 

• All non-essential lighting to be switched off when not in use. 

• Building window blinds to be shut during hours between sunset and sunrise. 

• Vehicle headlights to be dipped when operating within the resort boundary. 

• Develop a guest guide/handbook on good lighting practices (including campground/caravan 

guests). 

8.5 Marine Turtle Hatchling and Artificial Light Monitoring  

Hatchling turtle orientation monitoring should be undertaken prior to construction, during 

construction and during operations. This enables monitoring of any changes in hatchling behaviour 

that could be attributed to the change in lighting conditions associated with the project.  

Benchmark hatchling orientation data was gathered in February 2021 prior to activities commencing 

to understand the changes in hatchling behaviour throughout the life of the project.  
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Artificial light monitoring should be undertaken using a digital camera and fisheye lens technique as 

recommended by Hänel et al. (2018) and Barentine (2019) and described in the guidelines 

(Commonwealth of Australia 2020). 

Benchmark artificial light measurements were gathered in February 2021 prior to activities 

commencing to understand changes in ambient light levels throughout the project life. Benchmark 

light monitoring was also carried out at the SST to understand the current exposure to non-project 

attributable light and to provide a baseline to measure project attributable light impacts against.  

Given the projected operating life of the project (approximately 50 years), there is potential for 

changes in facility design and operation to occur. It is recommended that, in addition to post-

construction light, a light monitoring program should be implemented to periodically monitor project 

light emissions throughout the operational phase. 

8.6 Auditing 

At least one annual Audit will be scheduled prior to the commencement of every marine turtle nesting 

season to ensure: 

• Compliance with control measures. 

• Identification of, and measures taken to reduce, impacts of problem lights. 

• Identification of any new information regarding potential impact pathways between artificial 

light associated with the project and marine turtles and the SST, and any adaptive 

management measures that could further reduce potential impacts.  

As outlined in the guidelines (Commonwealth of Australia 2020), audits should be undertaken by 

personnel qualified in environmental auditing and considered in consultation with an appropriately 

qualified biologist or ecologist. 

Additional audits will be scheduled as necessary, i.e. following major weather events or major changes 

in project facilities or buildings. 

8.7 Adaptive Management and Continuous Improvement 

8.7.1 Marine Turtles 

If the annual light and hatchling orientation program identifies misorientation in hatchlings after they 

leave the nest, both during sea finding or returning to the beach after they swim offshore, the project 

lighting will be assessed together with the light audit results to identify the likely problem lighting and 

additional engineering and/or operational solutions will be implemented where practicable to control 

or modify the ‘problem light(s)’, such as: 

• Changing wavelength of light for the species interacting. 

• Additional shielding. 

• Changing orientation and direction of light fittings. 
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• Consideration to whether activities requiring illumination of problem lights can be undertaken 

during daylight hours only. 

Furthermore, an education package for resort guests could be prepared that outlines the regional 

turtle species and behaviours, appropriate/best practice behaviour around marine turtles and what to 

do if animals are found in the resort, recognising that birds can drop hatchlings inland and adult 

females can get lost when returning to the ocean through extensive dune systems. Materials such as 

the Ningaloo Turtle Watching Code of Conduct should be used to manage guest interactions with 

turtles. 

8.7.2 Space Surveillance Telescope 

If a change in sky quality is detected at the SST, the results of the audit and artificial light monitoring 

data will be assessed to identify any likely problem lighting. Furthermore, if results of the artificial light 

monitoring program detect changes in artificial light, additional engineering and/or operational 

solutions should be implemented where practicable. 
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EXECUTIVE SUMMARY 

Project proponents, Northwest Resorts Pty Ltd (NWR), are proposing to construct and operate the 

Ningaloo Lighthouse Resort Development on the footprint of an existing campground and caravan 

park on north western Cape Range, Western Australia.  

The proposed resort is located in the vicinity of known nesting habitat for marine turtles which are 

protected under both State and Federal legislation. Light from the project is recognised as a source of 

potential impact on these biological receptors and therefore a preliminary Artificial Light Management 

Plan (ALMP) was prepared by Pendoley Environmental (PENV) in December 2020. The ALMP will be 

finalised by incorporating the results of this benchmark marine turtle hatchling and light monitoring 

survey. The US owned, and Australian Department of Defence (DoD) operated, Space Surveillance 

Telescope (SST) was also recognised as potentially being impacted by artificial light from the project. 

Benchmark light monitoring conducted at the SST site will also be incorporated into the final ALMP.  

Beaches were surveyed for emerged marine turtle nests between the 10th and 18th February 2021. Fan 

metrics were collected from 257 nests between the Wobiri and Mildura Wreck East beach sections. 

Overnight light monitoring data was also collected at 11 monitoring sites, including at the SST. 

The survey results show that glow from the regional light sources, including Exmouth, Harold E Holt 

base, and the antenna array are visible from all monitored sites (including the SST), while offshore oil 

and gas facilities (due north of the NW Cape) were also visible from monitoring sites on north facing 

beaches and at the SST. The results suggest the current sky quality across all sites is equivalent to a 

rural sky on the Bortle scale (approx. 21.69 – 21.89 Vmag/arcsec2), declining to rural/suburban 

transition quality (20.49 – 21.69 Vmag/arcsec2) when cloud cover reflects the local light sources across 

the landscape.  

Nest fan metrics were collected from 257 nests (green turtle = 196; hawksbill/loggerhead turtle = 22; 

and unknown species = 39) and grouped into four regional beach sections. The largest mean spread 

angle was recorded for those nest fans situated within the Hunters to Lighthouse Bay Parking section 

(53.6 ± 17.1°; n = 10) and the smallest mean spread angle on Surf Beach South to Mildura Wreck 

section (36.2 ± 17.3°; n = 62). The largest mean offset angle was recorded for those nest fans situated 

within the Ningaloo Coast West section (9.6 ± 8.9°; n = 180) and the smallest mean offset angle on 

Mildura Wreck to Mildura Wreck East section (3.8 ± 2.6°; n = 7). The overall spread and offset angles 

were 40.7 ± 17.3° and 8.6 ± 8.2 (n = 257), respectively. 

The spread and offset angles indicate the hatchlings across the region are orienting normally and are 

successful in sea finding. Further statistical analyses investigated the difference between beach 

sections based on the line-of-sight visibility to the project location (i.e. beaches with no line-of-sight 

vs beaches with line-of-sight) and found that there was no significant difference in fan spread between 

the two habitat groupings (p = 0.86) however there was a significant difference in fan offset (p = 0.015).  

Integration of hatchling fan data situated within 1 km either side of three light monitoring sites 

including Wobiri (shielded from the project site by the Cape Range in the Ningaloo Coast West Area), 

Tamarisk (situated immediately in front of the project site) and Surf Beach (situated north-east and in 

line-of-sight of the project site) showed that hatchlings oriented seaward and not in the direction of 

the sky glow that was visible on the horizon at each site.  
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This report has established the benchmark metrics for hatchling fan and regional light pollution against 

which the project can be monitored during construction and future operations.  
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1 INTRODUCTION 

The Ningaloo Lighthouse Resort Development (the project) involves the construction and operation 

of a tourist resort on the footprint of a 30+ year old campground and caravan park on north western 

Cape Range, Western Australia. The project proponent is Northwest Resorts Pty Ltd (NWR). 

The proposed resort village is located in the vicinity of known nesting habitat for marine turtles (Figure 

1) which are protected under both State and Federal legislation, and consequently any action that has 

the potential to impact on the populations or their habitat must be assessed and managed to the 

satisfaction of the regulators (Commonwealth of Australia 2017, 2020). The project is recognised as 

potentially impacting on these sensitive biological receptors and hence a formal impact assessment 

and management plan was required. A preliminary Artificial Light Management Plan (ALMP) was 

prepared in December 2020 (PENV 2020) and will be finalised by incorporating the results of this 

Marine Turtle and Light Monitoring Program.  

In addition to the recognised sensitive biological receptors, socioeconomic receptors such as the US 

owned and Australian Department of Defence (DoD) operated Space Surveillance Telescope (SST), was 

also recognised as being potentially impacted by artificial light from the project. The SST detects and 

tracks orbital debris in addition to near Earth asteroids and is an important contributor to the US 

Global Space Surveillance network (DoD 2014). Benchmark artificial light monitoring was conducted 

at the SST site and the results will also be incorporated into the final ALMP.  

1.1 Scope of Work and Objectives 

The preliminary ALMP objectives recognised that the following work scopes were required: 

i. Collection of benchmark marine turtle hatchling orientation data at potentially impacted 

nesting beaches. 

ii. Collection of in-situ benchmark artificial light monitoring data from nesting beaches and the 

SST. 

The purpose of this monitoring report is to present the results of the February 2021 benchmark marine 

turtle and artificial light monitoring survey that will be subsequently incorporated into a final version 

of the ALMP. 
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Figure 1: Location map of overall monitoring area including the extent of each 

beach section. 
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2 METHODOLOGY 

2.1 Survey Location 

All monitoring activities were completed within the beach sections shown in Figure 1. The selection 

of beach sections took into consideration the monitoring divisions of the Ningaloo Turtle Program 

(DBCA 2020).  

 Lighthouse Bay Area 

The Lighthouse Bay Area is situated immediately north and north east of the resort site (Figure 1). The 

beach due north and immediately adjacent to the project location is separated from the project site 

by a well-developed 10 – 12 m tall dune system. The beaches extending to the north east are backed 

by well developed dune systems that shield the beaches from light in the south and east. 

The beach sections surveyed in this area extended from Hunters to the Lighthouse Bay Parking (1.8 

km), Surf Beach South to Mildura Wreck (3.7 km), and from Mildura Wreck to Mildura Wreck East (0.5 

km), for a total survey beach length ~6 km. The beaches are located between 200 m (north) and 5.7 

km (north east) from the project site. These beaches have potential for line-of-sight view to the project 

site. 

 Ningaloo Coast West Area 

The Ningaloo Coast West Area is situated along the western coast of the North West Cape. Three 

separate beach sections were monitored in this area (Trisel to 5 Mile North, Wobiri to Jacobsz, and 

Jacobsz to Hunters) covering a total length of 5.5 km (Figure 1). The beach sections are located 

between 1 km (west north west) and 9 km (west and south west) from the project site. All three beach 

sections are shielded from direct line-of-sight view to the project site by the Cape Range.  

 Space Surveillance Telescope 

The SST is located 10 km south southwest of the project location (Figure 1) and has direct line-of-sight 

to the project site.  

2.2 Survey Schedule 

The field survey was completed over an 8-day period between the 10th and 18th February 2021 and 

involved marine turtle hatchling orientation and artificial light monitoring work scopes (Tables 1 and 

2). The field survey was scheduled to coincide with the peak green turtle (Chelonia mydas) hatching 

period for the Exmouth area (February – March) and new moon conditions (important for light 

monitoring). 

All work scopes were completed as planned during the survey period. Survey design was finalised 

following an on-the-ground inspection of regional beaches and access tracks on days one and two of 

the field survey. The survey effort was concentrated on beaches closest to the project site and those 

with most direct line-of-sight to the project site.  
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 Artificial Light Monitoring 

Artificial light monitoring was completed over eight survey nights and involved the deployment of 

Sky42 cameras. The deployment locations were selected based on nesting effort recorded by the 

Ningaloo Turtle Program (DBCA 2020), distribution of observed hatched nests and the proximity to 

the project site (Table 1 and Figure 1). The SST was surveyed over three nights from two different 

camera locations, one immediately adjacent to the facility and one 200 m away, both with line-of-

sight visibility to the project location, the Town of Exmouth and the Harold E Holt (HEH) facilities.  

Table 1: Sky42 camera deployment location and survey dates. 

 Hatchling Orientation Monitoring 

Hatchling orientation monitoring was completed over seven survey days. The survey beaches were 

selected based on nesting effort recorded by the Ningaloo Turtle Program (DBCA 2020), distribution 

of observed hatched nests and the proximity to the project site (Table 2 and Figure 1).  

The frequency, duration, and location of sampling effort for the hatchling orientation work scope is 

shown in Table 2. Factors impacting survey effort and coverage included track access (2WD only), wind 

and rain erasing hatchling tracks, driving restrictions (rental contract restricted vehicle use too day 

light only) and heat stress risk for field team members.  

Beaches with most direct line-of-sight to the project and located within 5 km of the project site 

(Lighthouse Bay Area) were surveyed over five separate days, beaches between Hunters and Jacobsz 

(Ningaloo Coast North) 0.5 km – 2.7 km due west of the project were surveyed over four separate 

days, while Wobiri to Jacobsz (Ningaloo Coast North) 2.7 – 5 km south west and the beaches 7 – 9 km 

south west (Ningaloo Coast South) were surveyed twice (Table 2).  

  

Artificial light monitoring site  
Survey date (February 2021) 

10th 11th 12th 13th 14th 15th 16th 17th  

SST X  X    X  

Surf Beach  X   X    

Surf Beach North  X       

Tamarisk   X X     

Mildura Wreck East    X     

Hunters     X X   

Wobiri      X   

Lighthouse Bay Parking        X  

Vlamingh Head        X 

Project Site (Villas)        X 
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Table 2: Hatchling orientation survey beach sections including monitoring effort and dates.  

Survey section 
Length 

(km) 

Survey date (February 2021) 

11th 12th 13th 14th 15th 16th 17th 

LIGHTHOUSE BAY AREA 

Mildura Wreck to Mildura Wreck East  0.5 X X X X   X 

Surf Beach South to Mildura Wreck  3.7 X X X X   X 

Hunters to Lighthouse Bay Parking  1.8  X X X   X 

NINGALOO COAST WEST AREA 

Jacobsz to Hunters 3.5   X X X X  

Wobiri to Jacobsz 2     X X  

Trisel to 5 Mile North 2.3     X X  
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2.3 Work Scopes 

 Artificial Light Monitoring 

Sky42 cameras were deployed on tripods (set at a height above nearest vegetation) by the field team 

each afternoon and left unattended until their retrieval by the field team the next morning. The 

cameras automatically captured images of night-time light emissions on a 360° horizon at 15-minute 

intervals between sunset and sunrise. The captured imagery was downloaded, cameras charged and 

cleaned, and redeployed each afternoon. The light monitoring work scope was undertaken in 

accordance with PENV’s Light Monitoring Standard Operating Procedure (SOP) (PIMS-SOP14). 

 Hatchling Orientation Monitoring 

A nest fan was recorded if six or more hatchling tracks were sighted from a hatched clutch (defined by 

a depression in the sand from which the hatchling tracks were seen to emerge). A sighting compass 

was used to measure angles of the fan of tracks from the emergence point to where the tracks cross 

the high tide line on a flat beach surface (reducers variation caused by undulating nesting landscapes 

i.e. from body pits made by nesting turtles), or at a distance of 5 m, whichever is greater (vectors A 

and B; Figure 2). Angles measured include the outer tracks that form the outside arms of the fan (A 

and B angles) and the most direct line to the ocean (X) (Figure 2). The approach allows for 

determination of both the range of dispersion or ‘spread’ angle of emergent hatchlings and the degree 
of deflection or ‘offset’ angle from the most direct route toward the ocean. Any evidence of predation 

surrounding hatched nests was also recorded by the field team. 

 

Figure 2: Hatchling orientation indices and emergence spread and offset angles. 

A GPS location was recorded at the emergence point of every nest surveyed and a circle drawn in the 

sand around the depression, and a line drawn through all hatchling tracks, to ensure the same nest 

fan was not recorded on subsequent monitoring days. The work scope was undertaken in accordance 

with PENV’s Hatchling Orientation SOP (PIMS-SOP04). 
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2.4 Data Analysis 

 Artificial Light Monitoring 

2.4.1.1 Identification of Light Sources 

Existing artificial light sources identified in the preliminary ALMP as potentially visible from the turtle 

nesting beaches and the SST included; offshore oil and gas industry lighting, onshore lighting 

associated with the HEH base, antenna array, VLF antenna, and the town of Exmouth. 

2.4.1.2 Data Processing 

The quality of an image captured by a Sky42 light monitoring camera can be influenced by atmospheric 

factors such as the presence of the moon, twilight, rain, dust, humidity, or physical factors such as 

accumulation of sand on the lens. Any images that were affected by these factors were removed from 

the analysis. 

All remaining images were batch processed using specialised software (Sky Quality Camera, Euromix 

Pty Ltd). The processing involved converting each image into a false-colour map and calculating three 

sky brightness metrics in units of Vmag/arcsec2: 

• Zenith (directly overhead, 0 – 30° field of view); 

• Whole of sky (0 – 90° field of view); and 

• Horizon (60 – 90° field of view). 

For each monitoring site, the clearest night was selected and all images recorded on that night were 

processed. The image with the median whole-of-sky brightness image was then used to represent light 

levels at that location. 

Note that the colours used in the false-colour map represents the scale of intensity of light and is not 

representative of the colour of light as perceived by a human/turtle eye or Sky42 camera. 

Furthermore, the units of sky brightness (Vmag/arcsec2) are on an inverted logarithmic scale i.e. higher 

values represent lower intensity light, while lower values represent higher intensity light. The zenith 

brightness values can be interpreted using the Bortle scale sky quality guide shown in Table 3.  

Table 3: Night Sky quality range, Bortle scale, and Vmag/arcsec2 (Source: Bortle 2001). 

Sky quality Approx. Vmag/arcsec2 Bortle class 

Excellent dark sky site 21.99 – 22.00 1 

Typical dark site 21.89 – 21.99 2 

Rural sky 21.69 – 21.89 3 

Rural/suburban transition 20.49 – 21.69 4 

Suburban 19.50 – 20.49 5 

Bright suburban 18.94 – 19.50 6 

Suburban/urban transition 18.38 – 18.94 7 

City  <18.38 8 

Inner city sky <18.38 9 
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The processed median image was subdivided into 1° segments within the horizon field of view (60 – 

90°) (the area most relevant to hatchlings). The mean light intensity value within each segment was 

calculated and plotted on a line graph. The line graph is used to identify the areas of highest light 

intensity along the horizon, with comparisons over subsequent seasons allowing for changes in light 

intensity and its location to be identified (if required). The graph is also integrated with hatchling fan 

data and allows the orientation of the hatchlings to be compared with the direction of light at the 

nesting beach (see Section 3.2.2). 

 Hatchling Orientation Monitoring 

Hatchling orientation data was analysed to provide: 

• The range of dispersion (spread angle) of tracks from the emergence point: Describes the 

degree of dispersion of all hatchling pathways toward the ocean. A larger value indicates greater 

dispersion or variation in ocean finding bearings and may indicate disruption to natural 

hatchling sea finding ability.  

• The degree of deflection (offset angle) of tracks from the most direct route to the ocean: A 

smaller value indicates a more direct route (i.e. less deviation from the most direct route) and 

a larger value demonstrates greater deviation from the most direct route which may indicate 

disruption to natural hatchling sea finding ability. 

Hatchling orientation data was grouped into four separate datasets according to proximity to the 

project location and analysed separately. The groups included the three beach sections within the 

Lighthouse Bay Area (Table 2), and the Ningaloo West Area (all beach section were combined, Table 

2). 

The hatchling orientation data was further grouped into two separate datasets according to the line-

of-site visibility to the project location. This allowed a comparison of fan metrics recorded on nesting 

habitat with no line-of-sight to the project location with fan metrics recorded on nesting habitat with 

potential for direct line-of-sight or greater exposure to project related light glow. Nesting habitat with 

no line-of-sight included all beach sections within the Ningaloo West Area and habitat with potential 

line-of-sight included Hunters to Lighthouse Bay Parking and Surf Beach South to Mildura Wreck 

sections. A Wilcox Mann-Whitney test was used to assess if there was any statistical difference 

between the two datasets. 

 Integration of Hatchling Orientation and Artificial Light Data 

The effect of artificial light on hatchling fan orientation was assessed for three representative locations 

in the survey area. These locations were Wobiri (Ningaloo Coast West, no line-of-sight to the proposed 

project), Tamarisk (beach immediately adjacent to and closest to the project site) and Surf Beach (line-

of-sight visibility to project location). 

Hatchling fan spread and offset metrics from nest fans situated within 1 km either side of three 

artificial light monitoring sites (Wobiri, Tamarisk, and Surf Beach) was processed and integrated with 

the light monitoring data from those sites. The purpose of filtering nest fans based on their spatial 

location was to ensure a suitable comparison between the nest fan and sky brightness recorded by 

the Sky42 camera at that site.  
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3 RESULTS 

3.1 Artificial Light Monitoring 

 Night-time Light Emissions 

The median level of artificial light during the clearest night sky monitoring conditions for each site are 

shown in Table 4.  

Sky brightness values ranged from 21.48 – 21.82 Vmag/arcsec2 at zenith (directly overhead), 21.26 – 

21.52 Vmag/arcsec2 for the whole of sky, and 21.00 – 21.41 Vmag/arcsec2 for the region of sky 30° 

above the horizon.  

3.1.1.1 Zenith 

The darkest zenith value (21.82 Vmag/arcsec2) was measured at both the project site and the 

Vlamingh Head Lighthouse. The brightest zenith value was recorded at the Lighthouse Bay Parking 

(21.48 Vmag/arcsec2). 

3.1.1.2 Whole of Sky 

The darkest whole of sky value (21.52 Vmag/arcsec2) was measured at Hunters. The brightest whole 

of sky value was recorded at the Lighthouse Bay Parking (21.25 Vmag/arcsec2).  

The whole of sky values reported at all monitoring sites fell into the range of Bortle Class 3 defined as 

a rural sky (21.69 – 21.89), indicating some exposure to artificial light at all sites.  

3.1.1.3 Horizon 

The darkest horizon value (21.41 Vmag/arcsec2) was measured at Hunters. The brightest horizon value 

was recorded at the Vlamingh Head Lighthouse (21.00 Vmag/arcsec2) and the SST (21.03 

Vmag/arcsec2).  

Table 4: Sky brightness at each monitored site in February 2021. Orange = brightest values, blue = 

darkest values. 

Light monitoring site 

Sky brightness (Vmag/arcsec2) 

Zenith  

(0 – 30°) 

Whole of Sky   

(0 – 90°)  

Horizon  

(60 – 90°) 

Wobiri 21.68 21.49 21.33 

Hunters 21.76 21.52 21.41 

Tamarisk 21.78 21.42 21.20 

Lighthouse Bay parking 21.48 21.25 21.18 

Surf Beach 21.65 21.4 21.34 

Surf North 21.71 21.4 21.31 

Mildura East 21.79 21.47 21.32 

Project Site (Villas) 21.82 21.35 21.09 

Vlamingh Head  21.82 21.26 21.00 

SST 21.78 21.28 21.03 
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 Visibility of Individual Light Sources 

The visibility of the different regional light sources from the ten monitoring (observer) sites is shown 

in Table 5, Figures 3 - 5, and in Appendix A (complete set of annotated images).  

3.1.2.1 Antenna Array 

The antenna array was visible from every monitoring site i.e. from Mildura East, Surf North, Surf, 

Lighthouse, Tamarisk, Hunters, Wobiri, Project Site (Villas), Vlamingh Head Lighthouse, and the SST 

either as line-of-sight or as sky glow.  

3.1.2.2 Harold E Holt Base and Exmouth 

The light from the HEH base and from Exmouth were directly visible as individually resolved sources 

from the SST).  

At all other beach-based monitoring sites there was no direct line-of-sight visibility of these sources 

due to shielding by the primary dune system and in all cases the light from the two sources was merged 

into a single region of sky glow at the horizon (e.g. Figure 6). The light from Exmouth, HEH base, and 

the antenna array was merged into a single region of sky glow when viewed from Mildura East 

monitoring site, while sky glow from Exmouth/HEH was not detected from the Surf Beach monitoring 

site.  

Light from Exmouth and the HEH base was directly visible from both the project site (Villas), and the 

Vlamingh Head Lighthouse monitoring sites, however the orientation of the two sources relative to 

the monitoring sites meant the two sources appeared as a single source of light on the horizon.  

3.1.2.3 Offshore Oil and Gas Facilities 

Direct light and sky glow attributed to flares from two offshore oil and gas installations were visible 

intermittently due to either cloud overhead at the rig location reflecting light into the sky, or increased 

flow rates producing larger and more visible flares (Figure 3 and Appendix A). The two offshore 

facilities identified from https://www.lightpollutionmap.info/ (2020 VIIRS data) are located 29 km         

(-21.53924, 114.11620) and 41 km (-21.43325, 114.06754) due north of the Lighthouse Bay coastline 

and beyond the ~20 km line-of-sight visibility at sea (Figure 4).  

3.1.2.4 VLF Antenna 

The VLF antenna could only be resolved from other light sources when viewed from the SST (Figure 3 

and Appendix A).  

3.1.2.5 Lighthouse Campground 

With the decommissioning of the Lighthouse Campground and the current human presence restricted 

to two caretakers, there was no detectable light emissions from this monitoring site during the survey.  

 Impact of Cloud 

The influence of cloud on amplifying the visibility of sky glow across the landscape is shown in Figure 

5a and 5b. Cloud cover above the source of artificial light can increase the visibility of sky glow across 

large distances, illuminating inland landscapes and beaches that might otherwise be shielded from 

direct line-of-sight of a light source. This effect was observed on all monitoring nights influenced by 

cloud.   

https://www.lightpollutionmap.info/
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Table 5: Bearing and minimum distance to regional light sources from each artificial light monitoring site in February 2021. See Figure 3 for locations. 

Light source  

Artificial light monitoring site (see Figure 3 for location) 

Mildura 

Wreck 

East 

Surf 

North 

Surf 

Beach 

L’house 
Bay 

Tamarisk Hunters Wobiri 

Project 

Site 

(Villas) 

Vlamingh 

Head 
SST 

Exmouth  
Bearing (°)          130-150 

Distance (km)          3.5-8 

Harold E Holt 

base 

Bearing (°)          70-80 

Distance (km)          3.7 

VLF antenna 
Bearing (°)          108 

Distance (km)          4 

Exmouth + Harold 

E Holt base 

Bearing (°) 190-200 180-190  170-185 170-180 160-180 140-160 165-180 170-180  

Distance (km) 15 10-14  8-12 8-12 10-13 11 8-12 9-12  

Antenna array 
Bearing (°) 160-200 120-150 100-120 90-120 90-120 90-120 80-90 85-110 90-110 35-45 

Distance (km) 2 1.7 1.7 3 4-6.5 5 9 4 4 10+ 

Offshore oil and 

gas 

Bearing (°)  355 350-355 352-358  2-355 5-360  1-350 355, 360 

Distance (km)  29-41 29-41 21-49  29-41 41  29-41 42, 29 
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Figure 3: Sky brightness at each artificial light monitoring site. Brightness scale in images 

ranges from very bright (white/red) to very dark (black). See Appendix A for complete set of 

images.  
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Figure 4: Light pollution map imagery of regional light 

sources on the NW Cape. As recorded from VIIRS satellite 

in 2020. 
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Figure 5: Artificial light monitoring results from the SST under both clear and cloudy conditions on 

16th February 2021: a. Raw image (clear); and b. (cloudy); c. Hammer-aitoff projection of the processed 

false-colour map showing location of visible light sources (clear); and d. (cloudy).  

a. b. 

c. 

d. 
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3.2 Hatchling Orientation Monitoring 

 Benchmark Hatchling Fan Indices 

A total of 257 nest fans were recorded during the field survey: 196 green turtles (Chelonia mydas), 22 

hawksbill (Eretmochelys imbricata) or loggerhead (Caretta caretta) turtles (inferred from track size 

and nest position on beach), and 39 unknown species. The mean number of hatchling tracks emerging 

from each hatched nest was: 

• Green turtle: 45.6 ± 40.3 tracks (range = 7 – 100, n = 196) 

• Hawksbill/loggerhead turtle: 47.3 ± 31.7 tracks (range = 7 – 100, n = 22) 

• Unknown species: 39.5 ± 12.1 tracks (range = 7 – 50, n = 39) 

The mean spread angle was largest on the Hunters to Lighthouse Bay Parking section (53.6 ± 17.1°, n 

= 10) and smallest on the Surf Beach South to Mildura Wreck section (36.1 ± 17.3°, n = 61) (Table 6). 

The mean offset angle was largest on the Ningaloo Coast West (9.6 ± 8.9°, n = 180) and smallest on 

the Mildura Wreck to Mildura Wreck East section (3.8 ± 2.8°, n = 6).  

A Wilcox Mann Whitney test found no significant difference in fan spread angles recorded on areas of 

nesting habitat with direct line-of-sight to the project in comparison to fan spread angles recorded on 

areas of nesting habitat with no direct line-of-sight to the project (p = 0.86). There was a significant 

difference in fan offset angles recorded between the areas of nesting habitat with different line-of-

sight (i.e. visible vs. non-visible; p = 0.015).  

Table 6: Hatchling orientation metrics for nest fan spread and offset angles. 

Survey section 
Spread angle (°) Offset angle (°) 

n 
Mean ± StDev Range Mean ± StDev Range 

Ningaloo Coast West 41.4 ± 16.6 2 – 123  9.6 ± 8.9 0 – 54.5  180 

Hunters to Lighthouse Bay Parking  53.6 ± 17.1 35 – 85  6.0 ± 6.5 0.5 – 18 10 

Surf Beach South to Mildura Wreck  36.1 ± 17.3 14 – 108  6.7 ± 5.8 0 – 28  61 

Mildura Wreck to Mildura Wreck East 46.8 ± 22.8 26 – 81  3.8 ± 2.8 0.5 – 8  6 

All 40.7 ± 17.3 2 – 123 8.6 ± 8.2 0 – 54.5 257 
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 Integration of Hatchling Orientation and Artificial Light  

The metrics for nest fans situated within 1 km either side of the Wobiri, Tamarisk, and Surf Beach light 

monitoring sites are shown in Table 7. Camera deployment locations for the monitoring sites are 

shown in Figure 3. 

Table 7: Hatchling orientation metrics for nest fans situated 1 km either side of Wobiri, Tamarisk, 

and Surf Beach light monitoring sites. 

Light monitoring site 
Spread angle (°) Offset angle (°) 

n 
Mean ± StDev Range Mean ± StDev Range 

Wobiri 40.6 ± 17.8 10 – 78 9.5 ± 10.0 0 – 28.5 14 

Tamarisk 53.6 ± 18.0 35 – 85 15.4 ± 30.7 0.5 – 100.5 10 

Surf Beach 33.7 ± 15.3 1 – 69 7.7 ± 7.0 0 – 39.5 33 

The integrated hatchling fan metrics and light data for Wobiri, Tamarisk, and Surf Beach are shown in 

Figures 6 – 8. 

The results from Wobiri (Figure 6) show the nest fans within 1 km of the monitoring site had a 

moderate spread angle and were highly oriented seaward in a north westerly direction. They did not 

orient towards the peak sky glow over the antenna array in the east, nor the south easterly glow from 

the Exmouth and HEH base, and instead oriented towards the ocean (Figure 6c). 

The results from Tamarisk (Figure 7) show the nest fans within 1 km of the monitoring site had a large 

spread angle but oriented seaward in an overall northerly direction. They did not orient towards the 

peak sky glow over the antenna array in the east, nor the southerly glow from the Exmouth and HEH 

base, and instead oriented towards the ocean (Figure 7c). 

The results from Surf Beach (Figure 8) show the nest fans within 1 km of the monitoring site had the 

smallest spread angle compared to the other two sites (Wobiri and Tamarisk) and were highly oriented 

seaward in a westerly direction. They did not orient towards the peak sky glow over the antenna array 

in the east, and instead oriented towards the ocean (Figure 8c). 
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Figure 6: Artificial light and hatchling orientation monitoring results from Wobiri: a. Median raw 

image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 

(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 

spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 

showing location of visible light sources. Sky42 image captured on 15th February 2021.  

a. b. 

c. 

d. 
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Figure 7: Artificial light and hatchling orientation monitoring results from Tamarisk: a. Median raw 

image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 

(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 

spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 

showing location of visible light sources. Sky42 image captured on 12th February 2021. 

  

a. b. 

c. 

d. 
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Figure 8: Artificial light and hatchling orientation monitoring results from Surf Beach: a. Median raw 

image; b. Median false-colour map; c. Light bearing graph showing median (green line), minimum 

(blue line) and maximum (orange line) sky brightness and associated hatchling bearing frequency for 

spread (red bars) and offset (white bars); d. Hammer-aitoff projection of the circular false-colour map 

showing location of visible light sources. Sky42 image captured on 14th February 2021.  

a. b. 

c. 

d. 
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3.3 Predation 

Evidence of nest/hatchling predation observed during the survey (Figures 9 and 10) included: 

• Dog/dingo; 

• Varanid lizard; 

• Silver gull; and 

• Ghost crab. 

The level of ghost crab activity and predation activity on the Ningaloo Beaches was markedly greater 

than what has been observed on rookeries in the Pilbara or Kimberley. Predation behavior was 

inferred from; placement of crab holes over nests, the scale of beach coverage with crab tracks, and 

patterns of crab tracks mixed with hatchling tracks and drag marks around crab holes. This was 

observed on all beaches surveyed and is assumed to be the prime source of predation of hatchlings 

on these beaches.  

On day one of the survey, evidence of human digging into seven nests was recorded north of Surf 

Beach.  

   

Figure 9: Crab predation of nests and hatchlings (left and centre), ghost crab (right). 

 

Figure 10: Dog/dingo tracks, unaccompanied by human footprints.
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4 DISCUSSION 

4.1 Artificial Light Monitoring 

The existing light sources located on or near the North West Cape include the Naval Communications 

Station Harold E Holt (HEH) base, the HEH antenna array, the VLF antenna, the town of Exmouth, and 

two offshore Floating Production Storage and Offloading facilities.  

The antenna array sits on a 400 hectare site supporting twelve 300 – 380 m tall antenna towers. The 

HEH base facilities are located on a ~50 hectares site situated 8 km south of the antenna field and 

both are illuminated at night by security lighting. The town of Exmouth also covers over 400 hectares 

and is illuminated by street, commercial, and residential lighting. To the north of the northern tip of 

Cape Range are oil and gas floating production storage and offloading (FPSO) facilities comprising a 

large floating oil and gas processing facility and flare stack which are permanently illuminated for 

worker safety. During normal operations a pilot flame maintains the flare which burns the produced 

gas that is diverted to the flare during commissioning, unplanned events, emergencies and planned 

maintenance.  

The results of the benchmark light monitoring survey found light from the current naval and urban 

sources was visible from the SST and on all monitored regional turtle nesting beaches between Wobiri 

on the Ningaloo coast and Mildura Wreck East at the northern most tip of the North West Cape. The 

visibility of the individual light sources varied depending on shielding by topography (i.e. dunes or the 

Cape Range), cloud cover, and gas flow rates in the offshore flares. Regionally, the antenna array was 

the most visible, detected in images from every monitored site. With the exception of one monitoring 

site (Surf Beach), Exmouth and the HEH base were also visible from all locations thought it is likely the 

visibility would increase when cloud cover is present.  The two FPSO facilities are located over the 

curve of the horizon and so the visibility of them varied with flaring rates and the presence of cloud 

overhead at the FPSO site. They were also visible from most beach monitoring sites, including the SST 

and from the elevated monitoring sites at the project site (Villas) and the Vlamingh Head Lighthouse.  

The location of the project site relative to the SST means that any light from the project will introduce 

sky glow into a region of the SST monitoring horizon that is currently dark.  

The sky quality was relatively consistent across the monitoring sites and all of sky brightness was 

representative of a rural sky, defined as “light pollution evident on the horizon and clouds illuminated 

near the horizon while it is dark overhead” (Bortle 2001). The amplifying effect of clouds on sky glow 

was evident at the SST on 16th February 2021 where the whole of sky brightness was 21.26 

Vmag/arcsec2 under a clear sky which increased substantially to 20.53 Vmag/arcsec2 when clouds 

reflected the light from Exmouth, HEH, and the antenna array across the entire landscape (Figure 5). 

4.2 Hatchling Orientation  

Three species were recorded during the fan monitoring survey, green (76%), hawksbill or loggerhead 

(8%) and unknown (15%). Species was assigned by experienced biologists based on track size and gait, 

visible shell fragments, live hatchings emerging and nest placement. No nests were dug to confirm 

species.  
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The small range in fan spread and offset results indicate that hatchlings navigated to the ocean 

successfully from most of the monitored beach sections. Exceptions were for nests emerging inside a 

dune blowout, where the lack of a strong horizon cue (due to the absence of a dune) resulted in a 

broader scattering of the hatchling tracks. This, together with the long distances traversed by the 

hatchlings, often prevented the identification of the emergence point at which nest fan metrics are 

collected. Consequently, data from dune blowout areas could not be reliably collected.  

The metrics of nest fans recorded on beach sections characterized by high density nest craters were 

also less directed due to the effect of the craters on hatchling navigation i.e. crawling hatchlings 

constantly fall into holes and have to crawl out again before being able to reorient seaward resulting 

in a much less directed seaward crawl than observed flat beaches with less cratering. This, together 

with the effects of a very small sample size, was likely the cause for the largest mean fan spread angle 

that was recorded on the beach section immediately in front to the project location (Hunters to 

Lighthouse Bay Parking; Figure 1). This area is also characterized by large dune blow out habitat which 

prevented reliable collection of fan metrics.  

The comparison of fan metrics between nesting habitat with no line-of-sight to the project location 

(Ningaloo Coast West), and nesting habitat with potential for direct line-of-sight and or greater 

exposure to project related light glow (Hunters to Lighthouse Bay Parking and Surf Beach South to 

Mildura Wreck) found fan spread was not significantly different between the two areas, however 

there was a significant difference in fan offset. The difference in fan offset was likely due to the effects 

of a higher density of nest craters across large sections of Ningaloo Coast West beach influencing the 

directedness of the hatchling orientation from the ocean.  

Regionally, hatchlings were successful in sea finding despite the wide-spread visibility of existing light 

sources including Exmouth, the HEH base, and antenna array situated onshore, and the oil and gas 

facilities situated offshore. 

4.3 Conclusion 

All monitoring activities were successfully completed during the survey and met the objectives of 

benchmark light and hatchling fan monitoring as outlined by the preliminary Artificial Light 

Management Plan.  

Existing regional light sources, including Exmouth, the Harold E Holt naval base, antenna array, and 

VLF antenna situated onshore, and two FPSO facilities situated offshore are visible from all nesting 

beaches and from the SST. No light is visible from the decommissioned Lighthouse Campground on 

the project site.  

Sea finding by turtle hatchlings emerging from regional nesting beaches was consistent across the 

monitored beaches with most hatchling fans successfully orienting seaward and appeared unaffected 

by the current levels of visible regional sky glow.  

The sky quality at the SST was representative of a rural sky under clear conditions (21.26 

Vmag/arcsec2) however this quality was reduced to a rural/suburban transition when clouds were 

present (20.53 Vmag/arcsec2). 
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Appendix A: Complete set of Sky42 images from all monitoring sites



 

 

 

A1: Artificial light monitoring results from Wobiri on 15th February 2021: a. Median raw image; b. Median false-

colour map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) 

sky brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-

aitoff projection of the circular false-colour map showing location of visible light sources.   

a. b. 

c. 

d. 



 

 

 

A2: Artificial light monitoring results from Hunters on 14th February 2021: a. Median raw image; b. Median 

isophote map c. Equirectangular panorama of the circular isophote map showing location of visible light sources. 

a. b. 

c. 



 

 

 

A3: Artificial light monitoring results from Tamarisk on 12th February 2021: a. Median raw image; b. Median false-

colour map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) 

sky brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-

aitoff projection of the circular false-colour map showing location of visible light sources.  

a. b. 

c. 

d. 



 

 

 

A4: Artificial light monitoring results from Surf on 14th February 2021: a. Median raw image; b. Median false-colour 

map; c. Light bearing graph showing median (green line), minimum (blue line) and maximum (orange line) sky 

brightness and associated hatchling bearing frequency for spread (red bars) and offset (white bars); d. Hammer-aitoff 

projection of the circular false-colour map showing location of visible light sources.  

a. b. 

c. 



 

 

 

 

A5: Artificial light monitoring results from Surf North on 11th February 2021: a. Median raw image; b. Median false-

colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light sources.  

a. b. 

c. 



 

 

 

A6: Artificial light monitoring results from Mildura East on 13th February 2021: a. Median raw image; b. Median 

false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light 

sources.  

  

a. b. 

c. 



 

 

 

A7: Artificial light monitoring results from SST on 16th February 2021: a. Median raw image; b. Median false-colour 

map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible light sources.  

  

a. b. 

c. 



 

 

 

A8: Artificial light monitoring results from the Project Site (Villas) on 17th February 2021: a. Median raw image; b. 

Median false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible 

light sources.  

 

  

a. b. 

c. 



 

 

 

A9: Artificial light monitoring results from Vlamingh Head Lighthouse on 17th February 2021: a. Median raw image; 

b. Median false-colour map; c. Hammer-aitoff projection of the circular false-colour map showing location of visible 

light sources.  

a. b. 

c. 
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EPBC Act referral

Note: PDF may contain fields not relevant to your application. These fields will appear blank or unticked. Please disregard these fields.

Title of proposal 2020/8693 - Ningaloo Lighthouse Development,
17km north west Exmouth, Western Australia

Summary of your proposed action
1.1 Project industry type Commercial Development
1.2 Provide a detailed description of the proposed action, including all proposed activities

Northwest Resorts Pty Ltd, a wholly owned subsidiary of the Minderoo Group, proposes to redevelop the existing Ningaloo
Lighthouse Holiday Park. The proposed action is located approximately 16 km north west of the town of Exmouth towards the
northern tip of the Cape Range peninsula. The proposed action occupies an area of approximately 16 ha on the southern side
of Yardie Creek Road, approximately 20 m from the beach sand dunes.

The existing Holiday Park comprises a series of low accommodation buildings, associated service buildings and now
disused recreational facilities. The area may be considered cleared with areas of planted vegetation. The Proposed Action will
not lead to an increase in overnight visitors at the park from that currently permitted under the Vlamingh Head Master Plan,
which has a cap of 1020 person overnight visitor number. The proposed development has been designed to accommodate
approximately 666 overnight visitors and 75 staff through the construction of a new integrated tourism development that
comprises:

• A two-storey, 60 key hotel;
• Seven (7) four-bedroom lodge-style accommodation units, with a shared living and dining space;
• 30 standard two-bedroom, self-contained villas, some of which have additional bunk-bed pods to accommodate
families with children;
• Four (4) larger two-bedroom villas, with an associated swimming pool;
• 28 single-bedroom, fixed eco-tents, with shared central cooking facilities;
• 62 powered caravan sites, with an associated fuel station to the south of the site;
• Six (6) on-site staff accommodation units and one (1) general manager’s accommodation unit;
• Associated guest facilities and amenities, including food and beverage offerings, swimming pools, spa, tennis
courts, recreation and leisure center, children’s playground and storage facilities; and
• Associated car parking, utilities and servicing infrastructure.

New buildings will be generally limited to two storeys and 10.0m above the existing ground level constructed within areas
defined for development on the approved Local Development Plan.  All buildings are to be designed to respond sensitively to
the physical environment of Vlamingh Head.

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

Northwest Resorts Pty Ltd, a wholly owned subsidiary of the Minderoo Group, proposes to redevelop the existing Ningaloo
Lighthouse Holiday Park.  The proposed action is located approximately 16 km north west of the town of Exmouth towards the
northern tip of the Cape Range peninsula.

The proposed action occupies an area of approximately 16 ha on the southern side of Yardie Creek Road, approximately
20m from the beach sand dunes.  The surface of the land rises gradually from the beach to an elevation of 56m AHD at the
lighthouse (which is located outside the proposed action area).

The proposed action is a redevelopment of the existing holiday park.  It will not lead to an increase in overnight visitors at
the park.

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

The proposed action is located with the boundaries of the existing Ningaloo Holiday Park which occupies an area of 16 ha
on Lots 2 and 557, Yardie Creek Road.  The disturbance footprint will be confined to the extent of the existing holiday park.

Development areas are defined in the Local Development Plan for the proposed action as approved by the Shire of
Exmouth.

1.7 Proposed action location

1.3 What is the extent and location of your proposed action?
See Appendix B
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Other - Ningaloo Lighthouse Holiday Park

1.8 Primary jurisdiction Western Australia
1.9 Has the person proposing to take the action received any Australian Government grant funding to undertake this project?

N Yes Y No

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

Y Yes N No

Kevin Townroe1.10.1.1 Name of relevant council contact officer

planning@exmouth.wa.gov.au1.10.1.2 E-mail

08 9949 30241.10.1.3 Telephone Number

1.10.1.0 Council contact officer details

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

Y Yes N No

1.11 Provide an estimated start and estimated end date for the
proposed action

Start Date
End Date

06/12/2020
31/03/2022

1.12 Provide details of the context, planning framework and state and/or local Government requirements

Commonwealth Environment Protection and Biodiversity Conservation Act 1999
At the Commonwealth level listed threatened species are protected under the EPBC Act, which lists species as Critically

Endangered, Endangered, Vulnerable, Conservation dependent, Extinct or extinct in the wild.  The ecological survey
completed in relation to the project (Ecoscape 2018) and lighting management plan (ARUP 2019) indicate that the proposed
action, which is a terrestrial based project, is unlikely to have a direct impact and a negligible indirect impact on listed
threatened species.

The proposed action is being referred to the EPBC process to give the action certainty to the proponent (North West
Resorts Pty Ltd) and manage the environmental risks of the possible impacts.

Environmental Protection Act 1986
The Environmental Protection Act 1986 (EP Act) is the primary legislation that governs environmental impact assessment

and environmental protection in Western Australia.  Significant proposals require referral to the Environmental Protection
Authority (EPA) under Section 38 of the EP Act.

It is considered that the impact of the proposed action, which is a terrestrial based project, is negligible and will not require
referral to the Environmental Protection Authority (EPA) for assessment.

Environmental Protection (Clearing of Native Vegetation) Regulations 2004 (WA)
Where the only potential impact to identified environmental values is expected through vegetation clearing, the proposal

may be assessed under the Part V (Clearing Permit) of the EP Act.  This assessment process is also accredited under
Western Australia/ Commonwealth Approval Bilateral Agreement to assess a proposal that is considered a “controlled action”
under the EPBC Act.

Clearing of native vegetation needed for the Proposed Action will either be assessed under Part IV of the EP Act (as
described above) or through a Native Vegetation Clearing Permit.  As there is very limited native vegetation to be cleared at
the site, it is highly unlikely that assessment of the clearing will be required.

Native Title Act 1993
The Project Area is located within the Gnulli Native Title Claim area (WC1997/028) (DBCA 2019).  The proposed action is

on the traditional lands of the Jinigudira and Baiyungu, who are represented by YMAC.

Aboriginal Heritage Act 1972 (AH Act) (WA)
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The Aboriginal Heritage Act 1972 (AH Act) provides provisions 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.

Northwest Resorts will comply with the requirements of the AH Act and ensure ongoing consultation with Traditional Owners
and any pre-clearance requirements.

Local Government
The proposed action is located with the Shire of Exmouth and is subject to the provisions of the Local Planning Scheme No.

4.

The Ningaloo Lighthouse Holiday Park Local Development Plan has been approved by the Shire of Exmouth under Clause
59 of Schedule 2 of the Planning and Development (Local Planning Scheme) Regulations 2005.  The project is still required to
obtain a Development Approval through the Shire of Exmouth.

1.13 Describe any public consultation that has been, is being or will be undertaken, including with Indigenous stakeholders

Northwest Resorts Pty Ltd has undertaken consultation with various indigenous representatives. The Gnulli people were
nominated and endorsed by the native title group committee as being the appropriate representatives in respect to this project.
To date a heritage survey has been undertaken in support of the proposed drilling of bores for water supply purposes. The
Gnulli people have provided their support to the drilling. In respect to the main redevelopment of the caravan park NW Resorts
is in the process of obtaining Section 18 consent in respect to proximity of the site to Vlamingh Head.

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

No formal environmental impact assessments have been undertaken to date in relation to the project.

A desktop study (Strategen-JBS&G 2020) recommended that the proposed action is referred to the Commonwealth in the
best interests of the development and to provide certainty to Northwest Resorts Pty Ltd.

The referral (this document) is being made with the intent of securing a ‘Not a Controlled Action’ for the proposed action.

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

N Yes Y No

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

N Yes Y No
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Section 2

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

N Yes Y No

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

N Yes Y No

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

N Yes Y No

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

Y Yes N No

Petrogale lateralis lateralis (Black-flanked Rock-wallaby)

Species or threatened ecological community

The Proposed Action is within the known distribution of the species, which is dependent on the gorges and minor caves.
The Proposed action may result in minor clearing of habitat suitable for the species, however, the species was not recorded
within the survey area and are unlikely to occur due to the amount of human activity in the area. In addition the small areas of
available gorge habitat and that the Proposed action is on the edge of the species’ potential local range. No records of the
species have been recorded in available databases within 10 km of the proposed action, and is far more likely to occur further
south where there are larger gorges, associated with the Cape Range National Park.

Impact

Rhinonicteris aurantia (Pilbara form) Pilbara Leaf-nosed Bat

Species or threatened ecological community

The proposed action is considered unlikely to impact on this species. The Pilbara Leaf-nosed Bat roosts during the day in
caves and mine adits (horizontal tunnels) with stable, warm and humid microclimates because of its poor ability to maintain its
heat and water balance. No such habitat occurs within the development envelope of the Proposed Action. Given the lack of
suitable habitat near by, indirect impacts are not considered likely to occur.

Impact

Caretta caretta Loggerhead Turtle; Chelonia mydas Green Turtle; Dermochelys coriacea Leatherback Turtle; Eretmochelys
imbricata Hawksbill Turtle; Natator depressus

Flatback Turtle

Species or threatened ecological community

The Proposed Action is a terrestrial based project with no anticipated direct impacts to Lighthouse Bay likely to occur. It is
understood that the Ningaloo Coast is a significant area for marine turtles, with important nesting sites located on the beach
adjacent to the Proposed action. The Proposed action is for the redevelopment of the existing Ningaloo Lighthouse Holiday
Park and will not lead to an increase in overnight visitors from that of the previous caravan park.

Impact

Matters of national environmental significance
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The Proposed Action may result in indirect impacts to turtle populations through artificial lighting. Artificial lighting poses a
potential threat to these marine turtles because it disrupts critical behaviours. Marine turtles depend on light for orientation
cues, and therefore artificial light can disrupt hatchling orientation and sea finding behaviour, which exposes hatchlings to
increased mortality through becoming trapped, dehydration and predation. Accordingly, artificial lighting can cause a gradual
decline in the reproductive output of a nesting area, if not properly controlled.

2.4.2 Do you consider this impact to be significant?

N Yes Y No

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

Y Yes N No

Pandion haliaetus Osprey

Migratory species

Eastern Ospreys occur in littoral and coastal habitats and terrestrial wetlands of tropical and temperate Australia and
offshore islands. They are mostly found in coastal areas but occasionally travel inland along major rivers, particularly in
northern Australia (Johnstone & Storr 1998; Marchant & Higgins 1993; Olsen 1995). They require extensive areas of open
fresh, brackish or saline water for foraging (Marchant & Higgins 1993). They frequent a variety of wetland habitats including
inshore waters, reefs, bays, coastal cliffs, beaches, estuaries, mangrove swamps, broad rivers, reservoirs and large lakes and
waterholes. The Proposed action may result in direct impacts on habitat associated with this species, during construction and
clearing activities.

Impact

Caretta caretta Loggerhead Turtle; Chelonia mydas Green Turtle; Dermochelys coriacea Leatherback Turtle; Eretmochelys
imbricata Hawksbill Turtle; Natator depressus

Flatback Turtle

Migratory species

he Proposed Action is a terrestrial based project with no anticipated direct impacts to Lighthouse Bay likely to occur. It is
understood that the Ningaloo Coast is a significant area for marine turtles, with important nesting sites located on the beach
adjacent to the Proposed action. The Proposed action is for the redevelopment of the existing Ningaloo Lighthouse Holiday
Park and will not lead to an increase in overnight visitors from that of the previous caravan park.

The Proposed Action may result in indirect impacts to turtle populations through artificial lighting. Artificial lighting poses a
potential threat to these marine turtles because it disrupts critical behaviours. Marine turtles depend on light for orientation
cues, and therefore artificial light can disrupt hatchling orientation and sea finding behaviour, which exposes hatchlings to
increased mortality through becoming trapped, dehydration and predation. Accordingly, artificial lighting can cause a gradual
decline in the reproductive output of a nesting area, if not properly controlled.

Impact

2.5.2 Do you consider this impact to be significant?

N Yes Y No

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

N Yes Y No
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2.7 Is the proposed action likely to be taken on or near Commonwealth land?

N Yes Y No

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

N Yes Y No

2.9 Is the proposed action likely to have any direct or indirect impact on a water resource from coal seam gas or large coal
mining development?

N Yes Y No

2.10 Is the proposed action a nuclear action?

N Yes Y No

2.11 Is the proposed action to be taken by a Commonwealth agency?

N Yes Y No

2.12 Is the proposed action to be undertaken in a Commonwealth Heritage place overseas?

N Yes Y No

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

N Yes Y No
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Description of the project area
3.1 Describe the flora and fauna relevant to the project area

The proposed action is located in Carnarvon District of the Eremaean Botanical Province (Beard 1980) and the Carnarvon
IBRA region on the Cape Range CAR1 sub-region.  The Carnarvon bioregion is considered to be a transition zone between
the tropical and temperate marine and terrestrial flora/fauna species (DPaW 2019).

The flora and vegetation in the project area may be described as Acacia shrublands over Triodia on limestone and red
dunefields, Triodia hummock grasslands with sparse Eucalyptus trees and shrubs on the Cape range and extensive
hummock grasslands on the Cape Range and eastern dunefields (Williams & Mitchell 2001).

Beard (1980, Shepherd 2002) described the flora and vegetation as comprising three main associations: hummock
grassland, shrub steppe, Acacia scrub and dwarf scrub, hummock grasslands, shrub steppe and waterwood over soft
spinifex and hummock grasslands with sparse tree steppe, scattered bloodwood over soft spinifex.

The native vegetation has been degraded since European settlement of the are in the 1900s by grazing of domesticated
(e.g. cattle, horses, sheep) and feral (e.g. goats) animals.  Such activity has also led to the local introduction of weed species
including buffel grass (Cenchrus ciliaris).

The 2018 survey (Ecoscape) identified seven vegetation types across the survey and proposed action areas: shrubland or
hummocked grassland with Acacia, Triodia and other species.

The vegetation condition ranged from excellent to Degraded with the best condition vegetation being located to the south
and east of the existing Holiday Park.  Areas close to roads, the Holiday Park and other developed areas (powerlines,
sewage infrastructure) were in lesser condition due to the presence of buffel grass.

The Protected Matters Search Tool (PMST) indicates no listed threatened flora species occur within the proposed action
area or the vicinity of the action.  The terrestrial survey (Ecoscape 2018) observed a total of 169 vascular flora species
across the proposed action area and wider survey area.  None of these species are threatened flora species listed under the
EPBC Act.

Similarly, no threatened ecological communities (TEC) occur in the proposed action or wider survey areas.

The 2018 survey (Ecoscape) observed five fauna habitats all of which are not confined to the wider survey area and are
common in the vicinity of the proposed action.  The five habitats are dune crests, dune swales, rocky hills and slopes,
sheltered gullies and minor caves and coastal dunes.  None are considered to form habitats suitable for any listed threatened
species.

The PMST indicates that three mammals, five reptiles and 39 birds may occur in the proposed area or the wider vicinity.  A
total of 46 vertebrate fauna species were observed during the 2018 survey (Ecoscape), of which only one was a listed
threatened species: Pandion haliaetus (Osprey).

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

The North West Cape is characterised by coastal sand dunes and soils overlying faulted and folded coastal Cretaceous
limestones (DPaW 2019).  There are no surface wetlands within the proposed action area or the surrounding area.  Any
surface water runoff that there is following local rainfall events flows along minor drainage lines into the adjacent ocean to the
north of the proposed action.

Part of the Cape Range Subterranean Waterways wetland is located approximately 2.5km to the east of the proposed
action.  This comprises sinkholes, waterways, general groundwater and artificial wells.

Groundwater across the Cape Range region is characterised by two aquifers: an unconfined superficial aquifer and
deeper, confined aquifer (Birdrong) which occurs across a large portion of the wider Carnarvon Basin (DBCA) 2019).  The
depth to deeper confined aquifer is typically in excess of 500m (DBCA 2019).

No hydrological investigations have been completed in relation to the proposed action.

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

The proposed action is located in Carnarvon IBRA region on the Cape Range CAR1 sub-region.

Section 3
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The Carnarvon bioregion is composed of quaternary alluvial, aeolian and marine sediments overing Cretaceous limestone
strata.

The flora and vegetation in the project area may be described as Acacia shrublands over Triodia on limestone and red
dunefields, Triodia hummock grasslands with sparse Eucalyptus trees and shrubs on the Cape range and extensive
hummock grasslands on the Cape Range and eastern dunefields (Williams & Mitchell 2001).

Beard (1980, Shepherd 2002) described the flora and vegetation as comprising three main associations: hummock
grassland, shrub steppe, Acacia scrub and dwarf scrub, hummock grasslands, shrub steppe and waterwood over soft
spinifex and hummock grasslands with sparse tree steppe, scattered bloodwood over soft spinifex.

The 2018 survey (Ecoscape) identified seven vegetation types across the survey and proposed action areas: shrubland or
hummocked grassland with Acacia, Triodia and other species.  These vegetation types may be divided into three groups.

Coastal located to the north and west of the proposed action area
Acacia coriadea and Rhagodia preissii shrubland on stable beach dunes and Triodia epactia, Spinifex longifolia and

Whiteochloa airoides grassland on the more stable foredunes.

Limestone hills of Cape Range located to the south of the proposed action area
Melaleuca cardiophylla shrubland on the cape Range limestone slopes around the Holiday Park, Acacia bivenosa, Senna

artemisioides and Acacia tetragonopyhlla in limestone gorges, Acacia bivenosa shrubland to the west of the lighthouse and
Acacia bivenosa and Ficus brachypoda shrubland in the interzone between Cape Range and the beach.

Red Pindan dunes located to the east of the proposed action area
Banksia ashbyi and Daviesia pleurophylla shrubland across the red pindan dunes and swales to the east of the proposed

action area.

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

The Cape Range peninsula is mapped as an Environmentally Sensitive Area due to its proximity to the conservation lands:
Jurabi Coastal Park and Ningaloo Marine Park.

The Cape Range National Park is located approximately 17km to the south of the proposed action.

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

The Protected Matters Search Tool (PMST) and terrestrial survey (Ecoscape 2018) indicate that no threatened flora
species as listed under the EPBC Act occur in the proposed action and wider ecological survey areas.

Six State listed conservation significant flora species were recorded during the 2018 survey (Ecoscape).

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

The surface of the proposed action area and adjacent land varies from just above sea level along the northern boundary of
the area to 59 m Australian Height Datum (AHD) at the adjacent lighthouse (outside of the proposed action area).  Gradients
vary between approximately 10o (1:5) and 20o (1:2.75).

The highest ground in the area at the lighthouse is underlain by coastal Cretaceous limestone whilst the adjacent dune
ridges are at between approximately 10 to 12m AHD.

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

The area of the Cape Range peninsula around the proposed action is dominated by the Vlamingh lighthouse (non-
operational) and the headland that comprises Cretaceous limestone on which the lighthouse has been constructed.  The
Cretaceous limestone form the ridge that is aligned to the south west of the headland and parallel to the Ningaloo coast.

To the east of the limestone ridge the landscape is characterised by elongate red pindan sand dunes aligned north east to
south west interspersed with low lying interdunal swales.

The only area that has been developed is occupied by the current Ningaloo Lighthouse Holiday Park.  The surrounding
area is generally undisturbed and uncleared.

The proposed action is not located with a pastoral lease.  However, observations indicate that the existing natural
vegetation has possibly been grazed by domestic (e.g. cattle, horses, sheep) and feral (eg. goats) animals since the area
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was settled by Europeans in the early 1990s (Ecoscape 2018).

Forty five s22 Declared Pest Species have been identified within the Shire of Exmouth.  A review of NatureMap during the
2018 ecological survey (Ecoscape) indicates none of these species have been collected from within 10km of the proposed
action area.

No weeds of national significance (WONS) have been collected from within 10km of the proposed action area (Ecoscape
2018).

The ecological survey noted that one weeds of national significance (WONS) species, Tamarix aphylla (Athel Tree,
Tamarix, Salt Cedar) is planted as a shade tree throughout the area occupied by the Ningaloo Lighthouse Holiday Park as it
is well adapted to surviving in the arid environment and poor soils.  Whilst the species is listed as a WONS, it is not
considered a weed as it is not invasive in this location (Ecoscape 2018).

The Cape Range peninsula is mapped as an Environmentally Sensitive Area due to its proximity to the conservation lands:
Jurabi Coastal Park and Ningaloo Marine Park.

The Cape Range National Park is located approximately 17km to the south of the proposed action.

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

The proposed action is located at the northern end of the Jurabi Coastal Park and the larger Ningaloo Marine Park (DBCA
2019).  Both of these parks are located in the Ningaloo Coast World Heritage Area.

The Jurabi Coastal Park lies on the western side of the Cape range peninsula and extends from the Commonwealth land
(Lyndon Location 44, Defense Purposes) to the east of the proposed action site to the northern boundary of the Cape Range
National Park.  The land occupied by the proposed action is freehold land within the Jurabi Coastal Park.

The Jurabi Park was established to conserve flora, fauna and heritage values within the region.  The coast in this location
is known to be breeding habitat for marine species including several species of marine turtle.  The Jurabi Turtle Centre is
located approximately 1km to the west of the proposed action on the coast to the west of Yardie Creek Road.

A number of shipwrecks are located along the coastline, including the Mildura and Fairy Queen.

The existing Ningaloo Marine Park extends from the north point of the Cape Range peninsula to south of Coral Bay on the
Ningaloo coast and comprises a total area of approximately 70,400 ha (DBCA 2019).  The proposed action is located within
the land based segment of the larger Ningaloo Marine Park.

3.9 Describe any Indigenous heritage values relevant to the project area

There are no known Aboriginal Heritage sites in the Cape Range area and more specifically within the boundaries of the
Jurabi Coastal Park.  There is evidence of Aboriginal occupation and usage of the coastal plain (DBCA 2019).

3.10 Describe the tenure of the action area (e.g. freehold, leasehold) relevant to the project area

The Ningaloo Lighthouse Holiday Park is freehold land owned by the Minderoo Group.  North West Resorts Pty Ltd is a
wholly owned subsidiary of the Minderoo Group.

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

The proposed action area is currently occupied by the existing Ningaloo Lighthouse Holiday Park.  This comprises a series
of holiday accommodation buildings, camping sites and other recreational facilities.  The park is closed pending
redevelopment.
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Measures to avoid or reduce impacts
4.1 Describe the measures you will undertake to avoid or reduce impact from your proposed action

The proposed action is to be completed within the boundaries of the existing Ningaloo Lighthouse Holiday Park in
accordance with the Local Development Plan (LDP) as approved by the Shire of Exmouth under Clause 59 of Schedule 2 of
the Planning and Development (Local Planning Scheme) Regulations 2005.  The development will not impact on land outside
the cadastral boundary of the existing holiday park (Lots 2 and 557).

The proposed action will be maintaining the same number of maximum overnight visitors allowed at the current facility and
no development or disturbing activities are proposed within the adjacent beach or dunes.  In addition, controls will be
implemented to reduce the risk of disruption to nesting sites during breeding season.

The LDP sets out a series of provisions that seek to minimise the impact of the proposed action on the terrestrial
environment, heritage and aesthetic values.  In addition, the LDP defines the development envelopes and sets out
requirements in relation to building heights, setbacks, building design, landscaping, infrastructure, servicing and bushfire
management. The LDP also lists a series of assessments and management plans that will be required on submission of the
development application to the Shire of Exmouth.  These include a coastal hazard risk assessment, a visual landscape impact
assessment, a lighting impact assessment, a water extraction and pollution control plan, an odour management plan and an
environmental assessment.

To date Northwest Resorts Pty Ltd has prepared a lighting management plan, attached to this referral as "ARUP nesting
turtles management plan DA Final_reduced.pdf" (ARUP 2019) to mitigate the potential impact lighting may have on hatchlings
by reducing or eliminating the potential for light impact to disorientate hatchings, leading them away from the ocean.

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

The proposed action is a terrestrial based project and no direct impacts to Lighthouse Bay are likely to occur or are
anticipated.

Any impacts that may be experienced at Lighthouse Bay and by migratory listed threatened species would be indirect and
only during the breeding season.  It is highly unlikely that the indirect impacts of the proposed action may fragment the existing
populations of marine turtles into smaller populations during the breeding season.  For the remainder of their lifecycles the
marine turtle species spend their lives in the open ocean and away from the Ningaloo coast.

Whilst it is understood that the Ningaloo Coast is a significant area for marine turtles, with important nesting sites located on
the beach adjacent to the proposed action, North West Resorts Pty Ltd is planning to implement a series of measures to
avoid, reduce and mitigate potential impacts on MNES.

Protection of the Beach environment
The proposed action is for the redevelopment of the existing Ningaloo Lighthouse Holiday Park and will not lead to an

increase in overnight visitors.  Controls will be implemented to reduce the risk of disruption and to prevent access to nesting
sites during breeding season.

Disturbance during marine turtle breeding season
To minimise impacts to MNES that may be impacted directly or indirectly by the proposed action, Northwest Resort Pty Ltd

has prepared a Lighting Management Plan: for the Protection of Nesting of Lighthouse Bay (ARUP, 2019).  The purpose of the
Plan is it mitigate the potential impact lighting may have on hatchlings by reducing or eliminating the potential for light impact
to disorientate hatchings, leading them away from the ocean.

In addition, the proposed action will be maintaining the same number of maximum overnight visitors allowed at the current
facility and no development or disturbing activities are proposed within the adjacent beach or dunes.  Controls will be
implemented to reduce the risk of disruption and to prevent access to nesting sites during breeding season.

Given the above and noting the proposed action will not result in direct impacts to nest sites and indirect impacts will be
appropriately managed, the proposed action is not expected to lead to a long-term decrease in the size of the Loggerhead
turtle population.

Section 4
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Conclusion on the likelihood of significant impacts
5.1 You indicated the below ticked items to be of significant impact and therefore you consider the action to be a controlled
action

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

The proposed action is unlikely to have a significant impact to any protected matters and is therefore not a controlled action
because the proposed action is a terrestrial based project that has been proposed for the redevelopment of the existing
Ningaloo Lighthouse Holiday Park.  The redevelopment will be undertaken within Lots 2 and 557, Yardie Creek Road in
accordance with the Shire of Exmouth approved Local Development Plan.  This plan defines areas for development,
standards for environmental management and lists what further assessments and studies may be required to support the
development application which has yet to be lodged with the Shire.

With regards to potential impacts to World and National Heritage Properties/Places the following information is provided;
The Proposed action will not result in one or more of the World Heritage or National Heritage values to be lost,
degraded/damaged or notably altered, modified, obscured or diminished. The Proposed action, being terrestrial based, will not
impact on any of the marine values of the Ningaloo coast. Furthermore, given that the proposal seeks to facilitate the
redevelopment of a pre-existing, remote tourism asset, without increasing overnight visitor numbers, the impact of the
proposal is comparable to that of the existing land use on site.

The heritage values associated with the Ningaloo coast relate to its unique krast and cave formations, the presence of rare
and unique subterranean fauna within these formations, the unique reef system that supports a biologically diverse marine
environment and significant aboriginal heritage values. The Proposed action will not result in a significant direct impact to any
of these values given:

• The already disturbed nature of the majority of the site;
• Adherence to planning policies, including State Planning Policy 6.3 – Ningaloo Coast that consists of four key

objectives to Provide state agencies, local government, community and proponents with clear guidance regarding acceptable
and sustainable development on the Ningaloo coast; Maintain the Ningaloo coast as an all-seasons recreation and nature-
base; Preserve and protect the natural environment and enhance and rehabilitate degraded areas within the environment; and
Consolidate future residential, commercial, higher-impact tourism and industrial development in the towns of Carnarvon and
Exmouth and provide strategic directions for their future growth.

Please refer to the attached memo, '58209 Ningaloo Lighthouse redevelopment Ecological Advice Rev A', prepared by
Strategen-JBS&G for a detailed assessment against the Significant Impact Criteria Guidelines 1.1 and determination that the
Proposed Action is not likely to have a significant impact on identified MNES.

The proponent, North West Resorts Pty Ltd, commissioned an ecological survey which was completed of the proposed
action area, excluding the immediate surrounds of the existing holiday park, and a larger survey area, (attached reports:
Ecoscape biological survey - Report.pdf and Ecoscape biological survey - Appendices.pdf).  This survey determined that there
were no listed threatened ecological communities or listed threatened flora species within the proposed action area or the
vicinity of the project.  Only one listed migratory fauna species, Pandion haliaetus (Osprey), was observed during the survey.
Other listed threatened fauna species, Dasyurus hallucatus Northern quoll), Petrogale lateralis lateralis (Black-flanked Rock-
wallaby) and Rhinonicteris aurantia (Pilbara form) (Pilbara Leaf-nosed Bat), either have never been recorded in the North
West Cape, there are no records of the species within 10kms of the proposed action site or there a few areas of suitable
habitat respectively.

As the proposed action is a terrestrial based project no direct impacts are anticipated to any of the identified listed
threatened species be they terrestrial or migratory.

N World Heritage properties

N National Heritage places

N Wetlands of international importance (declared Ramsar wetlands)

N Listed threatened species or any threatened ecological community

N Listed migratory species

N Marine environment outside Commonwealth marine areas

N Protection of the environment from actions involving Commonwealth land

N Great Barrier Reef Marine Park

N A water resource, in relation to coal seam gas development and large coal mining development

N Protection of the environment from nuclear actions

N Protection of the environment from Commonwealth actions

N Commonwealth Heritage places overseas

N Commonwealth marine areas
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Any impacts from the proposed action that may be experienced at Lighthouse Bay and by migratory listed threatened
species that use the bay for breeding would be indirect and only during the breeding season. The indirect impacts to these
species are not considered to be significant as a result of the measures proposed to be implement to avoid, reduce and
mitigate potential impacts on MNES.
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Environmental record of the person proposing to take the action
6.1 Does the person taking the action have a satisfactory record of responsible environmental management? Explain in further
detail

Northwest Resorts Pty Ltd is a part of the larger Mindaroo Foundation organisation. Established by Andrew and Nicola
Forrest in 2001, Mindaroo Foundation is a modern philanthropic organisation seeking to break down barriers, innovate and
drive positive, lasting change. Minderoo Foundation is proudly Australian, with eight key initiatives spanning from ocean
research and ending slavery, to collaboration in cancer and community projects. Northwest Resorts Pty Ltd, through the
Foundation is committed to responsible environmental management and improving the health of our oceans.

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

Northwest Resorts Pty Ltd is not subject to any past or present proceedings under Commonwealth or State law for
protection of the environment or conservation and sustainable use of natural resources.

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

N Yes Y No

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

N Yes Y No

Section 6
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Information sources
Reference source

ARUP (2019), Ningaloo Lighthouse Resort Preliminary Lighting Management Plan for the protection of nesting marine
turtles of Lighthouse Bay, Exmouth WA, unpublished report by ARUP.

Reliability

Good

Uncertainties

None

Reference source

Australian Government & Department of Agriculture, Water and Environment (2020).  Protected Matters Search Tool
accessed 26 May 2020.

Reliability

Good

Uncertainties

None

Reference source

Beard JS 1990, Plant Life of Western Australia. Kangaroo Press, Kenthurst, New South Wales.

Reliability

Good

Uncertainties

None

Reference source

DBCA (2019).  Nyinggulu (Ningaloo) Coastal Reserves: Red Bluff to Winderabandi draft joint management plan.  Parks
and Wildlife Service, Department of Biodiversity, Conservation and Attractions, Perth.

Reliability

Good

Uncertainties

None

Reference source

Ecoscape (2018), Ningaloo Lighthouse Development Environmental Surveys, unpublished report for Minderoo, Ecoscape
(Australia) Pty Ltd.

Reliability

Good

Uncertainties

None
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Reference source

Shepherd, D.P, Beeston, G.R. & Hopkins, A.J.M (2002), Native vegetation in Western Australia: Extent, Type and Status.
Resource Management technical Report 249.

Reliability

Good

Uncertainties

None

Reference source

Strategen-JBS&G (2020) Ningaloo Lighthouse development – Environmental Advice (Commonwealth), unpublished memo
for Northwest Resorts Pty Ltd.

Reliability

Good

Uncertainties

None

Reference source

Williams, K. & Mitchell, D. (2001). “Jarrah Forest 1 (JF1 – Northern Forest)”, in A Biodiversity Audit of Western Australia’s
53 Biographical Subregions in 2002, N.L. McKenzie, J.E. Mays & S. McKenna eds., Department of Conservation and Land
Management, Perth, pp. 369-381.

Reliability

Good

Uncertainties

None
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Proposed alternatives
Do you have any feasible alternatives to taking the proposed action?

Yes Y No
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Attachment

58209 Ningaloo Lighthouse redevelopment Ecological
Advice Rev A.pdf

supporting_tech_reports

ARUP nesting turtles management plan DA Final_reduced.
pdf

supporting_tech_reports

Ecoscape biological survey - Report.pdfsupporting_tech_reports
Ecoscape biological survey - Appendices.pdfsupporting_tech_reports

Document Type File Name

Appendix A

Coordinates
Area 1

-21.806901499355,114.11264512388
-21.807382598387,114.11329054168
-21.807783421088,114.11410185229
-21.808223839484,114.11596229661
-21.80846496118,114.11698086229
-21.808509356492,114.11716844184
-21.808684513419,114.11712089594
-21.808728908462,114.11730846757
-21.808553742054,114.11735601109
-21.80862263122,114.11764700335
-21.808638477216,114.11788764276
-21.808586248801,114.11904966401
-21.810952576821,114.11886534991
-21.813318915265,114.11868104293
-21.812597272916,114.11562929686
-21.814794582572,114.11437573446
-21.813819920427,114.11241850938
-21.813739958777,114.11225792383
-21.813640427101,114.11205807032
-21.813596934147,114.11197073795
-21.812933322895,114.11063734726
-21.810016434003,114.11230000505
-21.808164732732,114.11213560639
-21.806471692868,114.11206852026
-21.806868393194,114.11260071016
-21.806901499355,114.11264512388
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Name:  Jon Bailes Date:  26 March 2021 

Company:  Z1Z Resorts Pty Ltd Job/Doc. No.:  60294 

Email:  dgriffin@fiveight.com Inquiries:  Jon Bailes 
 
 
NINGALOO LIGHTHOUSE RESORT PROJECT 
Greenhouse Gas Assessment 
 

The following information is provided to support the s38 Referral for Ningaloo Lighthouse Resort 
Project. 

1.1 EPA Objectives 

The EPA's Statement of Environmental Principles, Factors and Objectives (EPA 2018) identifies the 
objective for Greenhouse Gas (GHG) Emissions is "to reduce net greenhouse gas emissions in order to 
minimise the risk of environmental harm associated with climate change". 

1.2 Policy and Guidance  

A summary of the relevant policy and guidance for GHG emissions is provided in Table 1.  

Table 1: Greenhouse Gas Policy and Guidance 

Author Title Year of 
Publication  

EPA Statement of Environmental Principles, Factors and Objectives (EPA 2018) 2018 
Environmental Factor Guideline: Greenhouse Gas Emissions (EPA 2020) 2020 

Government of 
Western Australia 

Greenhouse Gas Emissions Policy for Major Projects (Government of Western 
Australia 2019) 

2019 

Commonwealth National Greenhouse and Energy Reporting Act 2007 (NGER Act) 2007 
National Greenhouse and Energy Reporting (Measurement) Determination 2008 2008 
National Greenhouse and Energy Reporting (Safeguard Mechanism) Rule 2015 2015 

The Western Australian Government's Greenhouse Gas Emissions Policy for Major Projects (the 
State GHG Policy) commits the State Government to work with all sectors of the Western Australian 
economy to achieve net-zero GHG emissions by 2050 and commits to working with the 
Commonwealth Government's interim target of emission reductions of 26 to 28 per cent by 2030. 

The State GHG Policy is designed to guide government decision making for major projects that are 
assessed by the EPA.  In accordance with the policy, the Minister for Environment will consider the 
particular characteristics of each project and the advice and recommendations of the EPA.  The 
Government may then consider whether it is appropriate to apply a condition that sets out the 
requirements for a plan detailing the proponent's contribution towards achieving the Government's 
aspiration of net zero emissions by 2050. 

The EPA has also recently released its GHG guideline, which requires proponents of major 
greenhouse gas emitting projects to show how they can reasonably and practically avoid, reduce, 
and offset emissions to contribute to the State's aspiration of net zero emissions by 2050. 

1.3 Receiving Environment 

The State Government's Climate Change in Western Australia Issues Paper (DWER 2019) presents 
the challenge that climate change poses to Western Australia.  Impacts from climate change are 
noted to have already occurred, including higher than average temperatures and a decline in rainfall. 
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The Australian Government developed the Regional Natural Resource Management Planning for 
Climate Change Fund.  Australia has 54 natural resource management (NRM) regions, which are 
defined by catchments and bioregions. These NRM regions are grouped into 'clusters', which largely 
correspond to the broad-scale climate and biophysical regions of Australia (Watterson, I. et al., 
2015). 

The Proposal is in the Rangeland cluster (Rangelands North sub-cluster).  The Rangelands cluster 
contains varied landscapes, including the Flinders and Pilbara Ranges, salt lakes that flood 
sporadically, and the centre of Australia.  There is a wide range of vegetation, from tropical 
woodlands to shrublands, grasslands and saltbush, and it includes relatively intact ecosystems.  The 
water features in the cluster are mostly intermittent, and aside from the coastal rivers of the west, 
most streams drain into salty lakes, in particular Lake Eyre.  The cluster is home to many of 
Australia's indigenous people, and important agricultural activity includes the grazing of cattle and 
sheep.  Rainfall systems vary from seasonally reliable monsoonal influences in the far north of the 
sub-cluster through to very low and variable rainfall patterns in much of the centre. 

 

1.4 Potential Impacts 

The Proposal will result in additional GHG emissions from the clearing of native vegetation, 
operation of machinery and plant equipment and from power generation. The increase in 
greenhouse gas emissions from the Proposal has a potential impact by contributing to global GHG 
concentrations. 

Government predict that future climate change projections for the Rangelands North sub-catchment 
predict (CSIRO 2015): 

• average temperatures will continue to increase in all seasons (very high confidence); 

• more hot days and warm spells are projected with very high confidence. Fewer frosts are 
projected with high confidence; 

• Changes to summer rainfall are possible but unclear. Winter rainfall is projected to decrease 
with high confidence; 

• Increased intensity of extreme rainfall events is projected, with high confidence; and 

• Mean sea level will continue to rise, and the height of extreme sea-level events will also 
increase (very high confidence). 

1.5 Estimated Emissions 

National and international GHG reporting standards define a set of distinct classes (scopes) of GHG 
emissions that delineate sources and associated responsibilities.  Scope 1 GHG emissions are the 
emissions released to the atmosphere as a direct result of an activity or a series of activities at a 
facility level.  Scope 2 GHG emissions are the emissions from the consumption of an energy product 
from a third party supplier.  Scope 3 emissions are indirect GHG emissions other than Scope 2 
emissions that are generated in the wider community, which occur as a consequence of the activities 
of a facility, but from sources not owned or controlled by that facility's business (Clean Energy 
Regulator 2018). 

The Proposal will contribute to global GHG concentrations from: 

• Direct emissions from the clearing of native vegetation and operation of machinery and 
plant equipment (Scope 1 emissions); and 

• Indirect emissions from the consumptions of electricity (Scope 2 emissions). 
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GHG emissions are expressed in CO2-e, which is an aggregate of GHG emissions, including carbon 
dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulphur hexafluoride (SF6), hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs) and nitrogen trifluoride (NH3) calculated as an equivalent CO2 
emission (CO2-e) by factoring in the global warming potential (GWP) of each gas. GWP is applied in 
accordance with National Greenhouse and Energy Reporting (Measurement) Determination 2008. 

Calculations have been undertaken using the methodologies described by the National Greenhouse 
and Energy Reporting (Measurement) Technical Guidelines (Commonwealth of Australia 2017), 
which provide guidance and commentary to assist reporters in estimating GHG emissions for 
reporting under the National Greenhouse and Energy Reporting Act 2007 (NGER Act).  Method 1 of 
the Technical Guidelines has been used to estimate emissions for the Proposal.  This method 
specifies the use of designated emission factors in the estimation of emissions and is based on the 
National Greenhouse Accounts (NGA) Factors default method.  These emission factors are national 
average factors determined using the Australian Greenhouse Emissions Information System (AGEIS).  

 

 

The maximum Scope 1 emissions associated with the Proposal are estimated to be up to  tCO2-e per 
year.  Scope 2 emissions are estimated to be up to 302,000 tCO2-e.  Therefore, the total Scope 1 and 
Scope 2 emissions associated with the Proposal will be 768,000 tCO2-e per year. 

Details of the Scope 1, Scope 2 and Scope 3 emissions sources are provided below. 

1.5.1 Scope 1 emissions 

The works associated with the Proposal will result in the clearing of vegetation leading to loss of bio-
sequestration capacity.  Degradation of the removed vegetation leads to stored carbon being 
released to the atmosphere mainly as CO2 and methane.  These Scope 1 emissions have been 
estimated for the Proposal.  Emissions associated with fuel consumption by mobile equipment used 
for land clearing are also Scope 1.  These have not been accounted for in this assessment as they are 
likely to be insignificant due to the small size of the land parcel, the density of the vegetation and 
clearing being a one-off occurrence. 

The calculation of GHG emissions associated with land clearing for the Proposal is based on the 
following conservative assumptions and exclusions: 

• vegetation is mature without any disturbance;  

• above and below-ground biomass would be removed from 4.52 ha of land; 

• the above-ground biomass estimate derived from the maximum biomass density inside the 
Proposal area in the Maximum Above Ground Biomass (also known as M) spatial layer 
developed for the Full Carbon Accounting Model (FullCAM) is representative of the site; 

• a root to shoot ratio of 0.24 is representative of the site vegetation; 

• the default Intergovernmental Panel on Climate Change (IPCC) value of carbon fraction of 
biomass dry matter of 0.5 is representative; 

• all carbon in biomass removed would all be released as CO2; 

• any rehabilitation of the conservation area to be retained would provide a negligible 
contribution to residual carbon sequestration potential; and 

• soil to remain on-site is expected to mostly be covered with an impervious surface (e.g., 
bitumen or concrete) or landscaping; therefore, soil carbon would largely be retained and 
was not accounted for. 

The carbon sequestration loss from vegetation clearing was estimated from the following formula. 
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Σ𝐸𝐸𝑣𝑣t CO2 − 𝑒𝑒 = 𝐴𝐴 𝑥𝑥 𝐴𝐴𝐴𝐴𝐴𝐴 𝑥𝑥 (1 + 𝑅𝑅) 𝑥𝑥 𝐶𝐶𝐶𝐶 𝑥𝑥 𝐶𝐶𝐶𝐶 

Where: 

ΣEv tCO2-e is the carbon lost from vegetation clearing 

A is the area to be cleared in hectares [4.52 ha] 

AGB is the above-ground biomass [16.8 t dry matter/ha] 

R is the root to shoot estimate of below-ground biomass [0.24] 

CF is the carbon fraction of biomass [0.5] 

CD is the ratio of the molecular weight of carbon dioxide to carbon [3.67] 

Using the above values, the potential GHG emissions from the clearing of vegetation and loss of bio-
sequestration capacity for the Proposal would be 173 t CO2-e. 

1.5.2 Scope 2 emissions 

Indirect Scope 2 emissions associated with the Proposal will be generated from electricity consumed 
at the resort, which will be supplied by Horizon Power from its gas-fired (9 MW) power station in 
Exmouth.  

The greenhouse gas emissions in tonnes of CO2-e attributable to the quantity of electricity 
consumed has been calculated with the following equation. 

𝑌𝑌 = 𝑄𝑄𝑥𝑥 �
𝐸𝐸𝐶𝐶

1000
� 

Where: 

Y is the scope 2 emissions measured in CO2-e tonnes. 

Q is the quantity of electricity purchased (kilowatt-hours). 

EF is the scope 2 emission factor. 

The Proposal is estimated to use 1,687,500 kWh per year for lighting and power of fixed 
infrastructure (roads, paths, kitchens, shower blocks, chalets etc.) and for powered campsites.  This 
is based on a 4.5 multiplier of the current caravan park consumption of 375,000 kWh per year 
(average of measured 2018 and 2019 consumption). 

Exmouth is not part of the North West Interconnected System, and therefore no standard emission 
factors in the National Greenhouse Accounts Factors (Commonwealth of Australia 2020) are 
applicable.  The 2019:2020 annual report for Horizon Power1 states that its greenhouse gas 
emissions factor was 0.54 kg CO2-e per kWh. 

Based on a consumption (Q) of 1,687,500 kWh and emission factor (EF) or 0.54, the annual Scope 2 
emissions (Y) associated with the Proposal are estimated to be 911 tCO2-e. 

1.6 Mitigation Measures 

the development includes a number of renewable initiatives (photovoltaics including solar lighting) 
that will offset a large portion of the electrical load. 

1.6.1 Assessment of Impacts 

The estimated total Scope 1 and Scope 2 emission associated with the Proposal of 1,084 tCO2-e is 
well below the 100,000 tCO2-e per year threshold defined by the EPA for detailed assessment and 

 
1  https://www.horizonpower.com.au/about-us/reports-publications/annual-reports/ 
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requirement for a GHG Management Plan (EPA 2020).  Despite the low GHG emission footprint, the 
Proposal will implement a number of renewable initiatives to reduce emissions. 

Furthermore, the contribution of the Proposal to the total GHG emissions for Western Australia of 
91.4 M tCO2-e (Commonwealth of Australia 2020) is negligible and will not impede the Stage GHG 
Policy aspiration of net zero emissions by 2050. 

Based on the above, no significant impacts associated with GHG emissions are anticipated. 
Consequently, it is considered that the EPA's objective for Greenhouse Gas Emissions will be met. 
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NINGALOO LIGHTHOUSE RESORT

VISUAL IMPACT ASSESSMENT

This document has been prepared in support of the 
Development Application for the Ningaloo Lighthouse 
Resort.

The visual landscape of the areas surrounding the site 
of the proposed Ningaloo Lighthouse Resort has a high 
scenic quality.

A number of strategies have been employed to reduce 
the visual impact of the proposed development and 
to preserve the scenic quality of the surrounding 
landscape:

         1. New buildings have been kept to a maximum of 
two storeys with the majority of buildings being single 
storey.

       2. Where new buildings have been proposed, tree 
planting has been included in the areas adjacent new 
buildings to minimise visual impact.

          3. Existing landforms have been utilised so that 
development is contained to areas that are naturally 
concealed from more distant views.

         4. Service and infrastructure buildings have been 
consolidated and set within a natural ‘hollow’ in the 
landscape.

The document contains a key plan indicating views that 
have been used to illustrate the visual impact.

These views are provided with notes indicating the 
more detailed strategies that will be employed to further 
reduce visual impact. 



NINGALOO LIGHTHOUSE RESORT  .   V ISUAL IMPACT ASSESSMENT 3

KEY VIEWS INTO THE PROPOSED DEVELOPMENT
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VIEW 1_LOOKING WEST FROM YARDIE CREEK ROAD

VIEW 1 - FROM YARDIE CREEK ROAD EAST VIEW 2 - FROM NEW ROAD EAST VIEW 3 - FROM LIGHTHOUSE HILL TO SOUTH- EAST

VIEW 4 - FROM LIGHTHOUSE HILL TO NORTH- EAST VIEW 5 - FROM YARDIE CREEK ROAD WEST

Reinstated natural landscape 
character with native shrubs, 
grasses and trees on west 
sides of buildings 

Maintain clear view corridor 
of lighthouse with proposed 
tree locations

Maintain view of headland

Proposed tree locations 
introduced to limit visual 
impact of Sunset Villas on 
top of hill in the distance

Proposed new road to caravan park Yardie Creek Road

Conserve wider landscape 
areas to maintain natural 
character

Conserve wider landscape 
areas to maintain natural 
character

Pool built into landform 
to maintain natural form 
of hill

Reinstated natural landscape character 
where vegetation does not exist

Shrubs and grasses to 
reduce visual of road

Trees to reduce visual 
of distant villas

Introduce more trees

Minimal cut into landscape to 
maintain existing landforms

Proposed trees to enhance 
natural landscape character

View of the horizon line 
not impacted

Proposed trees to 
enhance natural character

Reinstated natural landscape 
character in areas where 
vegetation does not exist

Maintain existing view of 
horizon and coast line

Introduce trees to 
reduce visual impact 
of distant villas

Formalised pedestrian paths to 
beach from resort will promote 
ongoing health of dunes

Proposed introduced trees to 
enhance natural character and 
reduce impact of built environment

Reinstate natural landscape 
character in areas where 
vegetation does not exist

Vlamingh Head Lighthouse 
on Headland in the distance

Existing Coastal Dune 
Vegetation

Existing natural landscape 
preserved

New proposed road to 
Caravan Park

Lighthouse Bay

Yardie Creek Road
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VIEW 2_LOOKING SOUTH-WEST FROM YARDIE CREEK ROAD

VIEW 1 - FROM YARDIE CREEK ROAD EAST VIEW 2 - FROM NEW ROAD EAST VIEW 3 - FROM LIGHTHOUSE HILL TO SOUTH- EAST

VIEW 4 - FROM LIGHTHOUSE HILL TO NORTH- EAST VIEW 5 - FROM YARDIE CREEK ROAD WEST

Reinstated natural landscape 
character with native shrubs, 
grasses and trees on west 
sides of buildings 

Maintain clear view corridor 
of lighthouse with proposed 
tree locations

Maintain view of headland

Proposed tree locations 
introduced to limit visual 
impact of Sunset Villas on 
top of hill in the distance

Proposed new road to caravan park Yardie Creek Road

Conserve wider landscape 
areas to maintain natural 
character

Conserve wider landscape 
areas to maintain natural 
character

Pool built into landform 
to maintain natural form 
of hill

Reinstated natural landscape character 
where vegetation does not exist

Shrubs and grasses to 
reduce visual of road

Trees to reduce visual 
of distant villas

Introduce more trees

Minimal cut into landscape to 
maintain existing landforms

Proposed trees to enhance 
natural landscape character

View of the horizon line 
not impacted

Proposed trees to 
enhance natural character

Reinstated natural landscape 
character in areas where 
vegetation does not exist

Maintain existing view of 
horizon and coast line

Introduce trees to 
reduce visual impact 
of distant villas

Formalised pedestrian paths to 
beach from resort will promote 
ongoing health of dunes

Proposed introduced trees to 
enhance natural character and 
reduce impact of built environment

Reinstate natural landscape 
character in areas where 
vegetation does not exist

Vlamingh Head Lighthouse 
on Headland in the distance

Existing Coastal Dune 
Vegetation

Existing natural landscape 
preserved

New proposed road to 
Caravan Park

Lighthouse Bay

Yardie Creek Road
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VIEW 3_LOOKING SOUTH EAST FROM NINGALOO LIGHTHOUSE

VIEW 1 - FROM YARDIE CREEK ROAD EAST VIEW 2 - FROM NEW ROAD EAST VIEW 3 - FROM LIGHTHOUSE HILL TO SOUTH- EAST

VIEW 4 - FROM LIGHTHOUSE HILL TO NORTH- EAST VIEW 5 - FROM YARDIE CREEK ROAD WEST

Reinstated natural landscape 
character with native shrubs, 
grasses and trees on west 
sides of buildings 

Maintain clear view corridor 
of lighthouse with proposed 
tree locations

Maintain view of headland

Proposed tree locations 
introduced to limit visual 
impact of Sunset Villas on 
top of hill in the distance

Proposed new road to caravan park Yardie Creek Road

Conserve wider landscape 
areas to maintain natural 
character

Conserve wider landscape 
areas to maintain natural 
character

Pool built into landform 
to maintain natural form 
of hill

Reinstated natural landscape character 
where vegetation does not exist

Shrubs and grasses to 
reduce visual of road

Trees to reduce visual 
of distant villas

Introduce more trees

Minimal cut into landscape to 
maintain existing landforms

Proposed trees to enhance 
natural landscape character

View of the horizon line 
not impacted

Proposed trees to 
enhance natural character

Reinstated natural landscape 
character in areas where 
vegetation does not exist

Maintain existing view of 
horizon and coast line

Introduce trees to 
reduce visual impact 
of distant villas

Formalised pedestrian paths to 
beach from resort will promote 
ongoing health of dunes

Proposed introduced trees to 
enhance natural character and 
reduce impact of built environment

Reinstate natural landscape 
character in areas where 
vegetation does not exist

Vlamingh Head Lighthouse 
on Headland in the distance

Existing Coastal Dune 
Vegetation

Existing natural landscape 
preserved

New proposed road to 
Caravan Park

Lighthouse Bay

Yardie Creek Road
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VIEW 4_LOOKING EAST FROM NINGALOO LIGHTHOUSE

VIEW 1 - FROM YARDIE CREEK ROAD EAST VIEW 2 - FROM NEW ROAD EAST VIEW 3 - FROM LIGHTHOUSE HILL TO SOUTH- EAST

VIEW 4 - FROM LIGHTHOUSE HILL TO NORTH- EAST VIEW 5 - FROM YARDIE CREEK ROAD WEST

Reinstated natural landscape 
character with native shrubs, 
grasses and trees on west 
sides of buildings 

Maintain clear view corridor 
of lighthouse with proposed 
tree locations

Maintain view of headland

Proposed tree locations 
introduced to limit visual 
impact of Sunset Villas on 
top of hill in the distance

Proposed new road to caravan park Yardie Creek Road

Conserve wider landscape 
areas to maintain natural 
character

Conserve wider landscape 
areas to maintain natural 
character

Pool built into landform 
to maintain natural form 
of hill

Reinstated natural landscape character 
where vegetation does not exist

Shrubs and grasses to 
reduce visual of road

Trees to reduce visual 
of distant villas

Introduce more trees

Minimal cut into landscape to 
maintain existing landforms

Proposed trees to enhance 
natural landscape character

View of the horizon line 
not impacted

Proposed trees to 
enhance natural character

Reinstated natural landscape 
character in areas where 
vegetation does not exist

Maintain existing view of 
horizon and coast line

Introduce trees to 
reduce visual impact 
of distant villas

Formalised pedestrian paths to 
beach from resort will promote 
ongoing health of dunes

Proposed introduced trees to 
enhance natural character and 
reduce impact of built environment

Reinstate natural landscape 
character in areas where 
vegetation does not exist

Vlamingh Head Lighthouse 
on Headland in the distance

Existing Coastal Dune 
Vegetation

Existing natural landscape 
preserved

New proposed road to 
Caravan Park

Lighthouse Bay

Yardie Creek Road
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VIEW 5_LOOKING EAST FROM YARDIE CREEK ROAD

VIEW 1 - FROM YARDIE CREEK ROAD EAST VIEW 2 - FROM NEW ROAD EAST VIEW 3 - FROM LIGHTHOUSE HILL TO SOUTH- EAST

VIEW 4 - FROM LIGHTHOUSE HILL TO NORTH- EAST VIEW 5 - FROM YARDIE CREEK ROAD WEST

Reinstated natural landscape 
character with native shrubs, 
grasses and trees on west 
sides of buildings 

Maintain clear view corridor 
of lighthouse with proposed 
tree locations

Maintain view of headland

Proposed tree locations 
introduced to limit visual 
impact of Sunset Villas on 
top of hill in the distance

Proposed new road to caravan park Yardie Creek Road

Conserve wider landscape 
areas to maintain natural 
character

Conserve wider landscape 
areas to maintain natural 
character

Pool built into landform 
to maintain natural form 
of hill

Reinstated natural landscape character 
where vegetation does not exist

Shrubs and grasses to 
reduce visual of road

Trees to reduce visual 
of distant villas

Introduce more trees

Minimal cut into landscape to 
maintain existing landforms

Proposed trees to enhance 
natural landscape character

View of the horizon line 
not impacted
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enhance natural character

Reinstated natural landscape 
character in areas where 
vegetation does not exist

Maintain existing view of 
horizon and coast line

Introduce trees to 
reduce visual impact 
of distant villas
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beach from resort will promote 
ongoing health of dunes

Proposed introduced trees to 
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reduce impact of built environment

Reinstate natural landscape 
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vegetation does not exist
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on Headland in the distance
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preserved
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Lighthouse Bay

Yardie Creek Road



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 205 

 

 

 

© JBS&G Australia Pty Ltd T/A Strategen-JBS&G 

This document is and shall remain the property of Strategen-JBS&G.  The document may only be used for the purposes for 
which it was commissioned and in accordance with the Terms of Engagement for the commission.  Unauthorised use of this 
document in any form whatsoever is prohibited. 

Document Distribution 

Rev No. Copies Recipient Date 

0 1 – Electronic D Griffin 30 March 2021 

Document Status 

Rev No. Author 
Reviewer Approved for Issue 

Name Name Signature Date 

0 A Latto T Bowra T Bowra  30 March 2021 

 



 
 

 

©JBS&G Australia Pty Ltd T/A Strategen-JBS&G | 60294/135,656 206 

 


	Appendix C Bennelongia SRE desktop.pdf
	Executive Summary
	Appendix 1 – Species of SRE invertebrate groups recorded in the Project area and its vicinity. 15
	Appendix 2: Potential SRE habitats recorded in the Project area. 17

	1. Introduction
	1.1. Project Description

	2. legislation
	3. SRE Framework
	4. DESKTOP review
	4.1. Previous records
	4.2. SRE groups in the Search Area
	4.3. SRE Habitats
	4.4. Preliminary SRE observations

	5. CONCLUSIONS
	6. REFERENCES
	Appendix 1 – Species of SRE invertebrate groups recorded in the Project area and its vicinity.
	Appendix 2: Potential SRE habitats recorded in the Project area.


	Appendix E NWR H2 Hydrogeological Assess reduced.pdf
	2255 NWR H2 Hydrogeological Assessment for Lighthouse Borefield Rev 3
	Executive summary
	Contents
	List of Figures
	List of Tables
	APPENDICIES
	1. Background
	2. Hydrogeological setting
	2.1 Climate
	2.2
	2.3 Geology
	2.4 Hydrogeology
	2.4.1 Aquifer and permeability
	2.4.2 Water table
	2.4.3 Recharge
	2.4.4 Groundwater salinity


	3. Aboriginal Heritage Survey
	4. Flora And Fauna Survey / clearing permit
	5. Hydrogeological field program
	5.1 Drilling and Bore Construction
	5.2 Pump Testing
	5.3 Depth to the salt water interface
	5.4 Laboratory Water Quality Analyses

	6. Borefield Development Plan
	7. Environmental impact assessment
	7.1 Groundwater Dependent Ecosystems
	7.1.1 Aquatic and terrestrial GDEs
	7.1.2 Subterranean GDEs

	7.2 Other Groundwater Users
	7.3 Aboriginal Heritage Sites
	7.4 Intergeneration values –up-coning of the salt water interface in the borefield

	8. Conclusions
	References

	2255 H2 Appendix A - E
	2255 NWR H2 Hydrogeological Assessment for Lighthouse Borefield_Rev2 (Combined).pdf
	BEC_Lighthouse borefield subfauna_draft24xii20
	Executive Summary
	Appendix 1. Stygofauna species on Exmouth Peninsula according to Museum records and literature. 19
	Appendix 2. Troglofauna1 species on Exmouth Peninsula according to Museum records. 21

	1. Introduction
	2. Project details
	2.1. Location
	2.2. Water supply
	2.3. Wastewater

	3. Geology and Hydrogeology
	3.1. Geology
	3.2. Hydrogeology

	4. Legislation
	5. Cape Range Subterranean fauna
	5.1. Stygofauna
	5.2. Troglofauna

	6. Project area subterranean fauna
	6.1. Stygofauna
	6.2. Troglofauna

	7. Threat to subterranean fauna
	7.1. Groundwater Abstraction
	7.2. Wastewater disposal

	8. Conclusions
	9. References
	Appendices
	Appendix 1. Stygofauna species on Exmouth Peninsula according to Museum records and literature.
	Appendix 2. Troglofauna1 species on Exmouth Peninsula according to Museum records.



	2255 last page.pdf


	Appendix G CHMP.pdf
	Northwest Resorts Ningaloo Lighthouse Holiday Park CHMP 301020.pdf
	Yardie Creek Consent
	GNU680_1 Report Final Holiday Park

	Appendix G Aboriginal Heritage.pdf
	Appendix G CHMP
	Northwest Resorts Ningaloo Lighthouse Holiday Park CHMP 301020.pdf
	Yardie Creek Consent
	GNU680_1 Report Final Holiday Park

	Appendix G YMAC Borefield
	Appendix G YMAC Resort

	Appendix K EPBC Referral 2020 combined.pdf
	Appendix K EPBC Referral 2020-8693
	Appendix K Ningaloo Lighthouse DEE letter
	C:\Users\nHardie\AppData\Local\Temp\ABBYY\PDFTransformer\12.00\Mail John Hartman38ad.pdf


	Appendix L Ningaloo GHG Assessment 2021.pdf
	1.1 EPA Objectives
	1.2 Policy and Guidance
	1.3 Receiving Environment
	1.4 Potential Impacts
	1.5 Estimated Emissions
	1.5.1 Scope 1 emissions
	1.5.2 Scope 2 emissions

	1.6 Mitigation Measures
	1.6.1 Assessment of Impacts
	References






