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1. INTRODUCTION 

1.1. Background 

The Commissioner of Main Roads Western Australia (Main Roads) is proposing to construct and 
operate the Southern section of the Bunbury Outer Ring Road (BORR) project (BORR IPT 2019a). BORR 
is a planned Controlled Access Highway linking the Forrest Highway and Bussell Highway. The 
completed project will provide a high standard route for access to the Bunbury Port, improve road 
user safety and facilitate proposed development to the east of the City of Bunbury. BORR will also 
provide an effective bypass of Bunbury for inter-regional traffic. BORR forms a major component of 
the planned regional road network for the Greater Bunbury area.  

The proposed BORR comprises three sections: 

• ‘BORR Northern Section’ – Forrest Highway to Boyanup-Picton Road 

• ‘BORR Central Section’ – Boyanup-Picton Road to South Western Highway 

• ‘BORR Southern Section’ – South Western Highway (near Bunbury Airport) to Bussell Highway. 

The majority of the BORR Central Section (four kilometres (km)) was completed in May 2013, along with a 
three km extension of Willinge Drive southwards to South Western Highway.  

This document refers to BORR Southern Section. Although the majority of the Central Section has been 
built, improved connection to the Central Section is still required.  

 

1.2. Assessment of Referral Information and response to submissions 

In September 2019, Main Roads referred the Proposal to the Environmental Protection Authority 
(EPA) for assessment under Section 38 of the Environmental Protection Act 1986 (EP Act) (BORR IPT, 
2019d). The Proposal information submitted included an Environmental Referral Supporting Document 
(BORR IPT, 2019a) which described the Proposal, the local environmental values present, the potential 
environmental impacts of the Proposal, and the management and mitigation strategies to address the 
identified impacts. The s38 referral assessed potential impacts to Environmental Factors within the 
then 300 hectares (ha) Proposal Area. In October 2019, the EPA (2019) determined that the Proposal 
would be subject to an environmental assessment under the EP Act at the level of ‘Referral 
Information’ with additional information required under Section 40(2)(a) of the EP Act. 

The Response to the EPA’s Decision to Assess: Additional Information Requirements (Updated Referral 
Document) document was submitted by Main Roads to the EPA in September 2020 and released for 
an eight week public comment period from 19 October 2020 ending on 14 December 2020.  

A total of 998 public submissions was received by the EPA. The key issues raised are: 

• Unacceptable impacts to conservation significant fauna species (particularly western ringtail possum 
and black cockatoos) and threatened and priority ecological communities (TECs/PECs) 

• Offsets identified are inadequate  

• Unacceptable impacts to natural hydrology  

• Unacceptable impacts to amenity from noise; and proposed mitigation is inadequate 

• Unacceptable impact to visual amenity and a loss of connectivity within the Gelorup community 
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• Inadequate consultation with aboriginal people on sites of cultural significance 

• Inadequate assessment of the aspects comparing the Greater Bunbury Regional Scheme (GBRS) 
Alignment and the proposed Alternative Alignment. 

A submission was provided to the EPA by the Department of Biodiversity, Conservation and 
Attractions (DBCA). EPA Services (EPAS) provided these comments in their advice and these have been 
responded to in Section 3 of this document. 

Since the publication of the Updated Environmental Referral Supporting Document and Additional 
Information and Offset Strategy in October 2020, Main Roads has further reduced the impact of the 
Proposal on Western Ringtail Possum and Black Cockatoo habitat within the BORR South Proposal corridor 
in Gelorup by 4.5 ha, from an impact of 65.4 ha to 60.9 ha of habitat. The impact to Banksia Woodlands of 
the Swan Coastal Plain Threatened ecological community has also been reduced from 24.9 ha to 23.4 ha. To 
formalise these reductions in impact, a request to change the Proposal under Section 43a (Part IV Division I) 
of the Environmental Protection Act 1986 was submitted on 9 August 2021.  

1.3. Purpose of this Document 

The purpose of this document is to provide responses to issues in submissions provided by the EPA to Main 
Roads on 24 December 2020 that relate to content of the Updated Referral Document. Where relevant, 
responses refer to the new, reduced quantum of impacts as referred to above. This document does not 
provide responses on all issues raised within submissions unless they relate to content in the Updated 
Referral Document. This document also provides Main Roads with an opportunity to: 

• Present additional information from investigations undertaken since the Updated Referral Document 
was submitted 

• Highlight the aspects of the Proposal that have been modified in response to submissions received 

• Address any errors and/or omissions identified in the Updated Referral Document  

• Amend environmental commitments and/or include additional environmental commitments in 
response to submissions received. 

1.4. Response Method and Structure of this Document 

This Response to Submissions document has several components. Each component and its purpose is 
described below: 

1. Introduction – this Introduction is intended to provide the context of the Response to Submissions 
document. 

2. Description of the Proposal – the Proposal has been changed since the publication of the Updated 
Referral Document (refer Section 1.2). A brief description of the revised Proposal is included in Section 
2.  

3. Response to EPAS Submissions – EPAS sought comments from the Department of Biodiversity and 
Attractions (DBCA) on the Proposal and the consolidated submissions of both agencies. This section 
includes Main Roads’ response to EPAS’ /DBCA’s submission addressing the key issues for the 
Proposal including: 

a) Terrestrial Fauna 

b) Flora and Vegetation 

c) Conservation Significant Fauna Management 

d) Offset Strategy, and  
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e) Amenity 

4. Responses to Public Submissions – EPAS has summarised the main issues raised in public submissions 
in the ‘Summary of Submissions’ document. The public submissions have been collated by the EPAS on 
the key issues of:  

a) The Proposal – General comments 

b) Terrestrial Fauna 

c) Flora and Vegetation 

d) Inland Waters 

e) Social Surroundings  

f) Consultation, and 

g) Other. 

5. References – The final section of the document includes full references for citations included in this 
document. 

6. Appendices – Documents appended by EPA request or to inform the Responses to Public Submissions. 

a) Appendix A – Draft Wetland Assessment Report  

b) Appendix B – Western Ringtail Possum Regional Survey 2020 

c) Appendix C – Procedures to Minimise the Risk to Western Ringtail Possums During Vegetation 
Clearing and Building Demolition (DPaW, 2015).  
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2. DESCRIPTION OF THE PROPOSAL 

2.1. Background 

Subsequent to the s38 referral, the BORR Southern Section Proposal Area was modified as a result of 
refinement of the alignment. This refinement was in part the result of modifications to the road 
design, and in part the outcome of targeted efforts to avoid, wherever possible, the direct loss of TECs 
and PECs and fauna habitats. The changes were summarised and submitted to the EPA as a Section 
43a change to the Proposal and subsequently approved by the EPA on 28 April 2020. The Updated 
Referral Document summarised the changes to the Proposal and detailed the change in potential 
impact with particular attention to the potential impact to threatened species and communities as 
detailed in the EPA request for additional information. As detailed in the Updated Referral Document, 
the changes to the Proposal resulted in a reduction in the overall area (from 300 ha to 200 ha) and 
potential impact of the Proposal on the environment, in particular on habitat for threatened species, 
TECs and PECs. 

On 9 August 2021, Main Roads submitted a request to the EPA to, under Section 43a of the EP Act,  to change 
the Proposal to document improvements to the Proposal to improve social and ecological connectivity, 
minimise the potential environmental impacts to flora and vegetation and fauna and substantially expand 
the scale and nature of the Offset Strategy. The changes include avoidance and management measures 
including: 

• Establishing Clearing Exclusion Areas within the Proposal Area. Three Clearing Exclusion Areas have 
been established within Gelorup (Plate 1) that will avoid: 

o 2.61 ha of Western Ringtail Possum (WRP), Black Cockatoo and Brushtail Phascogale habitat. 
o 10 Suitable Diameter at Breast Height (DBH) trees, of which two contained hollows that were 

suitably sized (no known use). 
o 1.47 ha of Banksia Woodland Threatened Ecological Community (TEC). 

• Further reducing the amount of WRP habitat to be cleared by 1.9 ha through design modifications, with 
Main Roads committing to clearing no more than 71.5 ha of native vegetation and no more than 60.9 
ha of WRP habitat. 

• Inclusion of additional rope bridges and a dedicated fauna bridge approximately 300 m east of 
Yalinda Drive. 

The changes result in the Proposal impacting up to: 

• 60.9 ha of WRP habitat (down from 65.4 ha). 

• 49 to 72 WRP individual home ranges (down from 53 to 79 WRP individual home ranges). 

• 60.9 ha of Black Cockatoo habitat (down from 65.4 ha). 

• 1,088 Suitable DBH Trees (down from 1,098). 

• 11 trees containing a suitable nest hollow for breeding of Black Cockatoos (down from 13 trees), 
two of which have some evidence of use (not confirmed to be Black Cockatoo use). 

• 39.2 ha of BTP foraging / breeding habitat (down from 43.7 ha). 

• 23.4 ha Banksia Woodlands TEC / PEC (down from 26.6 ha).  
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Plate 1 Retention Vegetation and Clearing Exclusion Areas in Gelorup 
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2.2. Description of Proposal 

The Proposal is located approximately 200 km south of Perth and at its closest point, approximately 
six km south-east of Bunbury. It occurs within the Shire of Capel, including the localities of Gelorup, 
North Boyanup and Stratham. A small section of the Proposal occurs in the City of the Bunbury. 

The Proposal includes the construction and operation of 10.5 km of freeway standard, dual 
carriageway southwest of South Western Highway (south of Bunbury Airport) to Bussell Highway and 
a 3 km regional distributor from Bussell Highway at Centenary Road southeast to a grade separated 
interchange at the western end of Lilydale Road. The Proposal includes associated bridges, 
interchanges, local road modifications and other infrastructure including, but not limited to, drainage 
basins, drains, culverts, lighting, noise barriers, fencing, landscaping, road safety barriers and signs.  

The development envelope for the Proposal referred by Main Roads is up to 200 ha and referred to as 
the Proposal Area (BORR IPT 2020, Appendix A in the Updated Referral Document).  

The key proposal characteristics of the Proposal are presented in Table 1. 

Table 1 Key Proposal characteristics 

ELEMENT PROPOSED EXTENT 

Physical elements 

Overall Proposal footprint 
(including all physical 
elements below) 

The Proposal Area covers 200 ha. To implement the Proposal, up to 71.5 ha 
of native vegetation will be cleared.  

Road construction and 
associated infrastructure 

Road construction and associated infrastructure for the Proposal includes 
the following components: 

• Approximately 10.5 km of new rural freeway standard, dual 
carriageway. 

• Grade separation of Yalinda Drive across the highway. 

• A grade separated interchange at Bussell Highway. 

• Approximately 3 km of regional distributor (Centenary Road at 
Bussell Highway to Lilydale Road). 

• A grade separated interchange at the western end of Lilydale 
Road. 

• A pedestrian underpass at Woods Road 

• Local road modifications. 

• Utility modifications. 

• A Principal Shared Path, including grade separated crossings of 

local roads and Bussell Highway and walk trails. 

• Other road infrastructure and furniture including, but not limited 

to culverts, lighting, noise barriers, fencing, landscaping, road 

safety barriers, underpasses, rope bridges and signs. 

Operational elements 

Bridges and drainage 
infrastructure 

Bridge construction and associated infrastructure for the Proposal includes 
the following components: 

• New bridge, BORR over Centenary Road / Lilydale Road 
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ELEMENT PROPOSED EXTENT 

• New bridge, Yalinda Drive over BORR incorporating a fauna land-
bridge   

• New bridge, Bussell Highway southbound over BORR 

• New bridge, BORR over Five Mile Brook 

• New dedicated fauna land bridge east of Yalinda Drive over BORR 

• Pedestrian underpass at Woods Road 

• Drainage basins, drains and other associated infrastructure. 

Operational elements 

Constructed BORR Main Roads will operate the Proposal using standard management and 
maintenance practices. 

 

2.3. Spatial Data 

The spatial extent of the Proposal has not changed since the publication of the Updated Referral 
Document. Digital spatial data were submitted to the Department of Water and Environmental 
Regulation (DWER) on submission of the Updated Referral Document, in accordance with the 
Instructions on how to define the key characteristics of a proposal.  
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3. RESPONSE TO EPA SERVICES SUBMISSION 

This section provides the comments from the EPAS regarding the Updated Referral Information and 
Additional Information Updated Referral Document for the Bunbury Outer Ring Road – Southern 
Section proposed by Main Roads. Each EPA comment is followed by the proponent response to the 
comment.  

3.1. Terrestrial Fauna 

Item 
No. 

EPA Services Comments 

1 
The Updated Referral Documentation frequently indicates that no single home-range of any one 
western ringtail possum (WRP) (Critically Endangered) would be entirely cleared. The ARI 
information otherwise assumes that a remnant component of each WRP home-range would 
remain and therefore potential impacts and possible mortalities would be reduced. DBCA have 
advised that further information is required to substantiate this and to indicate the size of the 
resident WRP population’s home ranges within and adjacent to the alignment. 

• Please provide additional context information about the estimates of home-range size 
to substantiate that no single home-range would be cleared entirely. 

As detailed in the Updated Referral Document, home range sizes and possum density vary with the 
quality and productivity of the habitat. Home ranges are generally less than 5.0 ha, and those within 
Peppermint dominated habitat are generally less than 2.0 ha and average 0.4 ha and 0.3 ha for 
females and males respectively (DPaW, 2017). The Proposal Area is a relatively long and narrow road 
corridor, generally between approximately 70 meters (m) to 180 m in width and 10.5 km in length. 
Given that home ranges are likely variable in width and breadth across the landscape and that the 
clearing corridor is narrow and linear across the landscape supports the expectation that the majority 
of WRP home ranges extend beyond the Proposal Area and home ranges are not wholly confined to 
the Proposal Area. This is informed by ongoing work for the proposal that does suggest a small 
number of WRP home ranges may sit wholly within the Proposal Area, but the majority do extend 
across to areas adjacent to the Proposal. 

Biota has been engaged by Main Roads to undertake survey work to track WRP within home ranges 
and better inform the management approach for the Proposal. Tracking of WRP to date suggests that 
some WRP home ranges (as few as 1 in 10) may be wholly within Proposal Area under existing 
conditions (Roy Teale, Pers Comm). Preliminary findings suggest female WRP are less likely to go to 
ground in areas where breaks in canopy cover occur (Roy Teale, Pers Comm). Management in these 
areas may include rope installations or other measures to manage breaks in cover and facilitate 
passive WRP relocation to outside of the Proposal Area.  

The linear clearing corridor for the Proposal provides for good dispersal options for WRP into adjacent 
habitat, and it is likely that dispersing individuals are already familiar with these adjacent habitat areas 
as part of their home range. It is anticipated that WRP individuals will readily relocate into other areas 
of their home ranges. 

With respect to the supporting data associated with Biota’s Western Ringtail Possum Movement Study 
(in prep.), although the field work has been completed, a final report is still in preparation, Main Roads 
will provide the supporting data and documentation to the EPA at the earliest point a report suitable 
for review is available.  
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The study (Biota, in prep) tracked three males and 14 females, with 15 having home ranges that 
included areas within the Proposal Area. Preliminary results indicate that the average home range size 
of the 14 females tracked was 0.82 (± 0.32) ha while the home range size of males was considerably 
larger (5.07 ha and 5.23 ha) The home ranges of all but two individuals extended beyond the 
development envelopment during the tracking period, indicating that where WRP habitat is being 
cleared, a portion of an individual’s home range is likely to remain in adjacent areas. 

There are potentially two or three areas where the majority of a small patch of vegetation that may 
support WRPs occurs within the Proposal Area. 

The proposed Mitigation and Management Monitoring Program will include additional detailed WRP 
surveys to assess whether these patches support WRP individuals prior to construction.     

At this point, Main Roads is not proposing to change management actions proposed in the FAMP.  
With the clearing and associated management for the BORR Northern and Central Section likely to 
begin in the coming months, Main Roads would prefer to focus on monitoring the implementation of 
that work to decide whether management changes may be necessary for the BORR Southern Section.  

Main Roads objectives are to minimise potential adverse impacts on individual WRPs and ensure that 
there are no adverse impacts on the viability of the local WRP population. 

 

Item 
No. 

EPA Services Comments 

2 
The WRP surveys conducted across the proposal area, the reference and the contextual sites, has 
provided a detailed and reliable picture of WRP abundance and dynamics within these sites. DBCA 
notes the broad estimates of WRP presence and abundance in the local area as detailed in 
Appendix N, Section 6.1.1 and shown in Figure 6.1 and Table 6.1 (pg 67-70). A WRP mean density 
estimation of 0.78 WRP per ha, noting the variation in actual densities of 0.21-1.23/ha, has been 
derived across the local area based on the results of the survey work. However, the estimated 
carrying capacity of the receiving environment and the estimated existing numbers of WRP within 
the receiving environment that will be impacted by the incoming WRP has not been provided. 

DBCA have advised that it is likely that WRP would experience stress while attempting to re-
establish home ranges in areas that already have a moderate to high density resident population 
potentially resulting in impacts to individuals. 

• If additional context information is available about the resident population adjoining 
the proposal, please provide.  

Table 6-1 of Appendix N (BORR Southern Section Fauna Assessment), as referenced by the EPA, not 
only provides information across the local area, but provides some information regarding densities 
within the Proposal Area and at some of the Context / Reference sites into which WRP may relocate 
during clearing.  

While the context sites are likely not reflective of the peri-urban and rural developed areas adjacent to 
the Proposal that will be receiving environments for WRP, the numbers provide context with regard to 
the resident WRP population adjoining the Proposal, particularly at Manea Park, Lot 1 Ducane Road, 
and Reserve 23000. The context sites are of often higher quality habitat than the Proposal Area and 
thus likely to support higher WRP densities, particularly Reserve 23000. 

• Proposal Area. Densities of 0.27-0.40 individuals per hectare (Strip Sampling, Aug 2019 – Feb 
2020) 
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• Reserve 23000. Densities of 1.09-1.20 individuals per hectare (Strip Sampling, Nov 2019 – Feb 
2020) 

• Reserve 23000. Approximate densities of 0.56-1.03 individuals per hectare (Distance Sampling, 
Feb/Aug 2018) 

• Manea Park. Densities of 1.23 (+/- 0.23) individuals per hectare (Distance Sampling, Oct 2018) 

• Lot 1 Ducane Road. Approximate densities of 0.21-0.47 individuals per hectare (Distance 
Sampling, Feb/Jul/Aug 2018). 

In total, the numbers show that across the whole of the Proposal Area and adjoining habitats that 
densities of WRP fluctuate over seasons, with greater densities in the spring.  

Studies by Biota (2020a) and advice from Ms. Barbara Jones, an independent fauna consultant, (pers 
comm) indicate that the peak season for WRP births in western coastal areas (Bunbury, Busselton) is 
usually June-September. Congruent with the Busselton WRP populations, it is unlikely that there is any 
substantial autumn breeding peak in Bunbury. Based on June-September birthing, most young are 
mature enough to leave the pouch during spring when climate and food resources are at their 
optimum. The overall population is expected to decline over winter into autumn due to increased 
temperatures, lower forage quality and less moisture availability.  This lower winter population 
represents the static population norm as young of year integrate into the population. 

Based on this advice and all information obtained through studies and consultation conducted for the 
Proposal, shepherding WRP into adjacent habitat areas during clearing is considered the optimal approach 
in regard to WRP welfare i.e. favoured over translocation. In addition, management provisions including 
timing of clearing operations to occur outside of the population peak wherever possible, will assist in ensuring 
that adjacent habitat is capable of sustaining any existing resident individuals as well as dispersing individuals. 

Private property cannot be assessed for many adjacent habitats in the communities of Gelorup and 
other private properties. Equivalent with context of Shedley and Williams (2014) habitat in adjacent 
areas allows an approximation of habitat quality and comparison of surveyed habitat to areas in which 
detailed survey has not occurred.  As such, low to moderate densities of WRP comparable to the 
Proposal Area are likely within unsurveyed adjacent habitats.  

 

Item 
No. 

EPA Services Comments 

3 
Appendix N: Targeted Fauna Assessment (Biota, 2020b): Section 1.3.2.1 (pg10), 4.2-4.3, Figures 
4.1-4.4 and Table 4.  

DBCA have advised that when using the highest observed figure of WRP (79) recorded within the 
proposal area, the average density of WRP within the proposal area’s WRP suitable habitat area 
(65.37ha) becomes 1.21 WRP/ha within WRP habitat, compared to 0.39 WRP/ha across the entire 
proposal area (199.73Ha) as started in Section 1.3.2.1.  

DBCA recommends that the maximum number of WRP’s recorded (79) be used for calculations as 
it provides an indication of the carrying capacity of WRP habitat across the proposal area. It is also 
noted in section 3.6 (pg21, pg34) that access restrictions affected areas of surveyable WRP 
habitat, the greatest being in August 2019, when the lowest numbers of WRP (53) were observed. 

• Please provide a response to DBCA’s comments. 

• Please confirm what the density of WRP is within the proposal area.  
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WRP density within different habitat patches is not predictable and does not follow a set pattern 
(Shedley & Williams, 2014). As such, the carrying capacity of a given habitat patch is difficult to 
determine, much less so for the whole of the Proposal Area. Some factors which intuitively would be 
considered important, such as canopy cover and vegetation condition, have been found not to 
influence WRP densities. Shedley and Williams (2014) further noted that nearly half of the patches 
assessed in their study with high and very high WRP densities were degraded to completely degraded 
“where the basic vegetation structure had been severely impacted by disturbance, and where 
intensive management was required for regeneration”.  

Main Roads expects that range is more appropriate for assessment purposes than highest number and 
more reflective of normal seasonal variation. As described in response to EPAS Comment No.2, the 
lower end of the range is more reflective of the stable natural population and that summer peaks are 
more reflective of the influx of weaned young of year that are not yet integrated into the population. 
The range provides general numerically based estimates of use and general estimates of normal 
densities across seasons, confirming that clearing of Category 1 areas (known to support regular 
populations of WRP) in winter months when densities area generally lower would support the 
relocation of WRP from the Proposal Area to adjoining habitats without the competition pressures 
from recently weaned young present in the spring months.   

 

Item 
No. 

EPA Services Comments 

4 
The ARI document (p.109) states “Of this 65.4 ha was contained within the Proposal Area (Figure 

15, Appendix A). Based on the habitat assessment Shedley and Williams (2014), the majority of 

vegetation (56 %) in the Proposal Area has been classified as ‘Medium’ quality, with the remaining 

areas mapped as a combination of ‘High’ (11 %), Low (< 1 %) or the habitat quality was not 

assessed (33 %) quality.” 

• Please clarify why 33% of the habitat was not classified according to Shedley and 
Williams habitat classification criteria and its implications. This should be clarified to 
provide sufficient context about the WRP habitat quality within the proposal area. 

Due to the regional scale at which the Shedley and Williams (2014) mapping was conducted there are 
differences between Shedley and Williams mapping of habitat and the field survey of the Proposal 
Area. Surveys for the Proposal identified an additional 21.6 ha of smaller suitable habitat patches than 
were identified by Shedley and Williams (2014), accounting for the 33% “not assessed”. Shedley and 
Williams (2014) is high level landscape analysis focused on larger patches of habitat and thus doesn’t 
account for smaller patches of habitat captured in detailed survey for the Proposal. Regardless, 
Shedley and Williams (2014) provides a valuable rigorous approximation of general quality of WRP 
habitat within the Proposal Area and the context of habitat quality in the greater region. The more 
specific survey by Biota of suitable habitat within the Survey Area (inclusive of the Proposal Footprint 
and additional areas) provides a more rigorous and accurate reflection of habitat within the Proposal 
and immediate vicinity. 

Accordingly, the more specific habitat survey information is used to calculate impacts. Whereas 
Shedley and Williams less recent landscape level analysis is used as a suitable proxy for remaining 
landscape level habitat within the local area and immediate region of the proposal. 
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Item 
No. 

EPA Services Comments 

5 
The ARI and its appendices inconsistently document the number of trees with suitable DBH to 
develop nest hollows for black cockatoos for e.g. 1,096 trees (ARI, p. 113), 1,111 trees (ARI, 
Appendix H, p. 23), 1,098 trees (ARI, Appendix H, Table 3-4) and 1,109 trees (ARI, Appendix N, p. 
10), and the number of trees with potentially suitable nest hollows for e.g. 13 trees (ARI, p. 113), 
5 trees (ARI, Appendix N, p. 10) and 38 trees (ARI, p.124).  

The ARI document states: “Biota recorded a total of 38 trees containing hollow(s) potentially 
suitable for nesting by Black Cockatoos” (ARI, p. 113). While Biota 2020b states “115 trees with 
hollows were the subject of a separate hollow-suitability assessment” (Biota 2020b, p. 40)  

The GIS IBSA data submitted contains 1,109 data points for trees.  

• Please clarify these discrepancies to ensure that the impacts as followed are clear:  

– No. trees with suitable DBH>500 containing suitable nest hollows for black cockatoos  

– No. trees with suitable DBH>500 containing suitable hollows with potential evidence 
of black cockatoo nesting*  

– No. trees with suitable DBH>500 with the potential to develop nest hollows for black 
cockatoos  

• Please clarify the quantification of impacts where they are inconsistent in the ARI 
documentation. 

• Ensure final numbers are supported by the GIS data. Submit updated GIS if required.  

*It is also noted that Appendix N (p.44 and Figure 4.9) identified 2 hollows with potential evidence 
of nesting, including one hollow with eggs unlikely to be black cockatoos but the other hollow 
contained chew marks. The Fauna survey also noted that an egg likely to be a Forest Red-tailed 
Black-cockatoo egg was found on the ground near potential nesting habitat. While the Appendix 
N states that black cockatoo nesting was not conclusively confirmed, the ARI concludes that no 
nesting trees would be impacted. It is possible that the nesting evidence observed could actually 
be black cockatoos if it can’t be confirmed either way.  

• Please provide further justification for the certainty implied by the Proponent’s 
conclusion ‘that no trees with potential evidence of black cockatoo nesting would be 
impacted’.  

As per the Updated Referral Document and the Section 43a request that was submitted 9 August 
2021, 1,088 trees with a suitable DBH to develop nest hollows (i.e. ≥ 500 mm DBH) for black cockatoos 
occur within the BORR Southern Section Proposal Area, outside of the Vegetation Exclusion Areas.  

Of the 1,088 trees with a DBH ≥ 500 mm, 105 trees were the subject of a separate hollow-suitability 
assessment. Of the 105 trees subject to the hollow-suitability assessment: 

• 70 were determined to be not suitable 

• 25 were determined to be Unlikely suitable 

• One (1) was determined to be potentially suitable 

• Two (2) were determined to be potentially suitable and had potential BC nesting evidence 

• Eight (8) were ground assessed only and conservatively assumed to be potentially suitable. 
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In total, 11 trees were determined to be potentially suitable within the Proposal Area, including eight 
which could not be assessed by drone. The statement “Biota recorded a total of 38 trees containing 
hollow(s) potentially suitable for nesting by Black Cockatoos” refers to suitable hollows within the 
survey areas for both the BORR Southern Section and BORR North and Central Section proposals, 
inclusive of the Proposal Area and areas adjacent to the proposal subject to survey. 1,096 represents a 
GIS calculation of tree impacts prior to receipt of the final IBSA data. 1,098 represents a transcription 
error of the 1,096 number. Tree numbers were wholly correct within the IBSA package and submission 
of new data is not required.  

Main Roads assumes the potential that breeding does occur and may occur during construction. 
Management measures are proposed accordingly, and the impact is considered to not be significant. 
The statement that ‘that no trees with potential evidence of black cockatoo nesting would be 
impacted’ is not stated anywhere in the Updated Referral Document and misrepresents Main Roads 
assessment. As noted in the Updated Referral Document: 

The Proposal will require the clearing of up to 11 large trees containing hollow(s) potentially suitable 
for Black Cockatoo nesting. No known nesting hollows will be impacted by the Proposal. The removal 
of 11 large trees containing hollow(s) potentially suitable for Black Cockatoo nesting is not anticipated 
to be significant. 

The statement assumes a non-significant likelihood of nesting use within the Proposal Area based on 
the number of potentially suitable hollows (11 trees containing potentially suitable hollow(s) out of 
1,088 trees with a DBH ≥ 500 mm). The statement is an accurate reflection of the survey data and 
characterises the potential for impact in the context of the data.  

 

Item 
No. 

EPA Services Comments 

6 Table 4-44 cumulative impact table incorrectly displays the number of black cockatoo 
trees impacted for BORR Northern Central and BORR Southern (inverted).  

• Please clarify and submit a revised table with correct values.  

As noted in the EPAS, the cumulative impact numbers for “trees with potentially suitable hollows” is 
inverted between the BORR Southern Section and the BORR Northern and Central Sections, however 
the total cumulative impact remains unchanged. The associated cumulative impact discussion remains 
accurate and consistent. Table 4-44 is revised as shown in Table 2. 

 

Table 2 Potential cumulative impacts of BORR Proposals on Black cockatoos 

BLACK COCKATOOS BORR SOUTHERN 
SECTION 

BORR NORTHERN AND 
CENTRAL SECTIONS 

CUMULATIVE 
IMPACT 

Foraging habitat extent (ha) Clearing of up to 
65.4 ha  

Clearing of up to 37.8 ha  Clearing of up to 
103.2 ha  

% of foraging habitat within 
12 km of the Proposal(s)  

0.8 % 0.5 % 0.7 % 

Trees with potentially suitable 
hollows 

13 3 16 
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Item 
No. 

EPA Services Comments 

7 The ARI document does not provide context for black cockatoo roosting sites using the 
Great Cocky Count roosting data which is available to download from SLIP. Figure 17 shows 
no roosting sites within a 12km radius of the proposal area; however, this may be 
inconsistent with the Great Cocky Count roosting data.  

• Please consider the Great Cocky Count roosting data in providing context for the 
proposal and its impacts.  

Data found within the Great Cocky Count roosting datasets (GoWA, 2019) does include data for 
occurrences of Black Cockatoo roosting within 12 km of the proposal, including three buffers that 
intersect the Proposal Areas. Figure 17 of the Updated Referral Document has been updated to show 
all potential roosting sites. The potential for impacts on Black Cockatoo roosting within the Proposal 
Area were already recognised to potentially exist in the Updated Referral Document. No roosting sites 
are known to occur within the Proposal Area and the impact is deemed not significant.  

Figure 17 of the Updated Referral Documentation is included in this response and shown Plate 2.  
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Plate 2 Figure 17. Black Cockatoo Foraging Habitat and Roosting sites within 12km of the Proposal Area 
(excerpted from the Updated Referral Supporting Document) 
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Item 
No. 

EPA Services Comments 

8 The ARI has included the combined impacts from the northern and central sections of the 
Bunbury Outer Ring Road, but the documentation does not consider cumulative impacts to 
key factors from other existing or foreseeable activities, developments and land use 
proposals (as per the EPA Procedures Manual 2018).  

The EPA has recognised that cumulatively, habitat loss is placing a continual pressure on 
species (EPA Advice: Carnaby’s Cockatoo in Environmental Impact Assessment in the Perth 
and Peel Region, (EPA, 2019b). Losses from this proposal need be considered in the broader 
context. 

Please provide an assessment of the cumulative impacts of the proposal that considers 
other reasonably foreseeable activities, developments, and land use proposals in addition 
to the combined impacts with BORR Northern and Central proposal. This could include 
other relevant Main Roads’ projects and projects by other proponents. In particular, the 
discussion of cumulative impacts should consider:  

• cumulative impacts to WRP habitat in the relevant Management Zone for this species 

• cumulative impacts to black cockatoo foraging and nesting habitat in a local and 
regional context 

• cumulative impacts to Banksia and Tuart Woodlands TECs/PECs within the relevant 
bioregion.  

The assessment of impacts for the BORR Southern Section is considered at both local and regional 
levels, and with regard to the potential impacts of the BORR Northern and Central Section, the only 
other identified reasonably foreseeable action within the Proposal Area. An assessment of direct and 
potential indirect impacts, as well as cumulative impacts for both proposals, is presented in the 
Updated Referral Document. 

Respective to the ongoing development of land within the Bunbury region, approval and assessment is 
encompassed under the GBRS and subsequent amendments which previously considered the 
cumulative context of BORR within the landscape. The GBRS provides the legal basis for land use 
planning within the Greater Bunbury area. The GBRS defines the future use of land and requires local 
government to provide detailed plans consistent with the GBRS local planning schemes. The GBRS has 
been in operation since November 2007 (WAPC, 2017) and encompasses the planning approval for the 
BORR alignment.  

The Western Australia (WA) EPA conducted an assessment of the proposed GBRS in 2003. The EPA’s 
assessment included a Strategy for the EPA to identify regionally significant natural areas in its 
consideration of the Greater Bunbury Region Scheme portion of the Swan Coastal Plain (SCP) (the 
Natural Areas Strategy). In order to determine the potential impact of proposed new zones in the 
GBRS and resulting potential new development and infrastructure, the Natural Areas Strategy 
evaluated the regional significance of remnant vegetation against set criteria, along with the context 
and adequacy of Regional Open Space reserves. The primary objective in regard to the conservation of 
ecological communities was to achieve a standard retention level of at least 30 % of the pre-clearing 
extent, with this target reduced to 10 % for the Greater Bunbury Region ‘Constrained Area’, in which a 
portion of the Proposal Area is located.  

The regional context of the EPA’s GBRS assessment, while preceding a number of TEC and fauna 
listings considered in this assessment, informed a cumulative approach to development and retention 
of native vegetation across the GBRS envelope that will remain in effect through the proposed 
implementation period for the Proposal.  

https://epa.wa.gov.au/policies-guidance/carnaby%E2%80%99s-cockatoo-environmental-impact-assessment-perth-and-peel-region
https://epa.wa.gov.au/policies-guidance/carnaby%E2%80%99s-cockatoo-environmental-impact-assessment-perth-and-peel-region


 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 17 

Cumulative impacts to WRP habitat in the Bunbury Management Zone are included in Table 4-43, as is 
the potential population level impacts for WRP within the Southern SCP Management Zone. 
Cumulative impacts to Black Cockatoo foraging and nesting habitat in a local context (within 12 km of 
the Proposal Area) is presented in Table 4-44. As per the Updated Referral Document and the Section 
43a request that was submitted 9 August 2021,cumulatively, up to 98.7 ha of Black Cockatoo habitat 
will be cleared, approximately 0.7 % of the habitat within 12 km of the Proposal (approximately 
14,628.5 ha).  

Cumulative impacts to the Banksia Woodlands TEC/PEC are presented in Table 4-28 of the Updated 
Referral Document for the SCP bioregion. Cumulative impacts to the total TEC/PEC extent, which 
includes both the SCP and Jarrah Forest bioregions, are presented in the text below Table 4-28 on 
Page 85 of the Updated Referral Document. There is no cumulative impact to Tuart Woodlands 
TEC/PEC given the community is not impacted by the recently approved BORR Northern and Central 
Sections Project (Ministerial Statement (MS) 1155). Regardless, as the Tuart Woodlands TEC/PEC is 
wholly contained within the SCP bioregion, all impacts for the extent of the TEC/PEC are reflective of 
the SCP bioregion.  

 

Item 
No. 

EPA Services Comments 

9 The ARI document states that residual impacts to 5.5 ha of black-striped minnow (BSM) 
habitat is unlikely to be significant given the potential habitat available at a local scale; 
however there is not enough detail about the regional and local context to demonstrate 
this conclusion is accurate. 

DBCA have advised that the total estimated area of BSM habitat within the project area is 
required to determine what percentage of BSM habitat is represented by the clearing 5.5 
ha. In addition, it is noted that there are various locations where BSM were observed 
(Appendix A, Figure 20) that are not mapped as potential habitat. A more detail explanation 
of this mapping is required and incorporated into the response to this issue. 

• Please provide a more detailed assessment which evaluates what proportion of the 
5.5 ha impact represents of the total local and regional habitat, and how this relates to 
the significance of the impact.  

Potential habitat for BSM is dependent on hydrology and annual precipitation and is consequently 
variable from year to year. Suggesting a definitive extent of habitat is thus erroneous for BSM. BSM 
habitat is annually variable across the landscape in extent and in timing with respect to hydrology and 
precipitation. Accordingly, indirect impacts on surface hydrology and management of hydrologic 
function are as important as direct impacts, especially with respect to Five Mile Brook which connects 
to wetland habitats both east and west of the Proposal Area.  

Accordingly, the assessment of BSM habitat looks conservatively at a smaller range extent of viable 
BSM habitat likely more reflective of dryer hydrologic years and more reflective of average annual 
conditions under a drying climate scenario. In mapping wetland layers, this scenario was considered to 
be a reasonable but conservative estimate whereas other wetland mapping extents likely overstate 
the average annual extent of BSM habitat outside of the proposal area, minimising the relative 
potential significance of impacts within the Proposal Area.  

While up to 5.5 ha may be cleared within the Proposal at Five Mile Brook and south of Manea Park, 
this would assume full loss of habitat within the Proposal boundary. The clear spanning of Five Mile 
Brook means the maximum impact is highly unlikely to be realised. It is also important to note that 
Five Mile Brook within the Proposal boundary appears to have been artificially constrained and moved 
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from its original flow path at some point in the past, likely contributing to the classification as a 
Multiple Use Wetland as opposed to a Conservation Category Wetland. 

The management focus of the Proposal minimises both direct and indirect impacts within the Proposal 
Area. Substantial changes to the Proposal design have been made subsequent to referral of the 
Proposal in September 2019 to reduce impacts to BSM habitat by approximately 40%. Key design 
requirements minimise indirect impacts on hydrology that supports suitable habitat on either side of 
the Proposal Area at Five Mile Brook and south of Manea Park. As part of the design, hydrologic 
modelling of surface water was conducted (BORR IPT, 2019b) to ensure the design of the bridge at 
Five Mile Brook and culverts south of Manea Park avoid impacts on surface hydrology. 

 

Item 
No. 

EPA Services Comments 

10 DBCA have advised that the discovery of new populations of black stripe minnow in Manea 
Park, which forms a part of Kalgulup Regional Park and the occurrences within, and in 
proximity to the project area is a significant find within the local area. The genetic 
relationships of these recently discovered populations (and the species in general) is 
unknown, therefore the conservation value of the population identified within the project 
area is unable to be determined.  

• Please address these comments raised by DBCA. 

The Proposal will not have any direct or indirect impacts on BSM habitat in Manea Park which is more 
than 800m from the Proposal at its closest point.  

Impacts to BSM habitat within Manea Park are more proximate to the recently approved BORR 
Northern and Central Sections.  

The indirect impacts on hydrology are monitored as required under the conditions for approval of the 
BORR Northern and Central Sections Project (MS 1155). 

 

3.2. Fauna Action Management Plan (FAMP) 

Item 
No. 

EPA Services Comments 

11 The proposed monitoring of WRP numbers pre and post-impact will measure the 
persistence of the species in the remaining habitat but cannot measure the actual impact 
on the WRP individuals that are displaced by the clearing i.e: whether or not displaced 
individuals successfully assimilate into the adjoining/remaining habitat. 

MRWA assumption is that ‘self-relocation’ results in better outcomes for WRP individuals 
rather than ‘translocation’. However, this method has not been adequately tested to 
demonstrate that this assumption is correct.  

DBCA and EPAS consider that the BORR South proposal provides a unique and valuable 
opportunity monitor the outcomes of displaced WRP individuals through a tagging and 
tracking program of WRP. This monitoring program would also provide information to 
validate the success of the proponent’s mitigation strategies, and any proposed 
environmental outcomes.  
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DBCA have advised that there are well-established methods to capture, mark and monitor 
WRPs, including identification of individual animals and their movements. These methods 
have also been demonstrated to adequately minimise any animal welfare considerations. 
Identifying individuals would offer a better opportunity to test the assumptions about self-
relocation strategies, rather than the proposed bi-annual presence and abundance surveys 
suggested in Appendix G. 

It is also noted that the Action Management Plan (AMP) provides a contingency action 
(p.43) that in the event that a possum is unexpectedly observed within the development 
envelope, the possum would be captured by a fauna specialist. These instances should also 
be included as a potential opportunity to tag a possum.  

EPAS notes that MRWA agreed in principle to undertaking additional monitoring from that 
listed in the ARI documentation at the November 2020 Regulator Workshop.  

• Please confirm, and if so provide further details regarding any additional monitoring of 
displaced WRP individuals.  

As noted in response to EPAS comment No.2, shepherding WRP into adjacent habitat areas during 
clearing is considered the optimal approach in regard to WRP welfare. Management provisions 
including timing of clearing operations to occur outside of the population peak wherever possible, will 
ensure that adjacent habitat is capable of sustaining any existing resident individuals as well as 
dispersing individuals. DBCA has not previously objected to the ‘self relocation’ method in numerous 
discussions with Main Roads about the Proposal. 

Main Roads has commenced monitoring of two reference sites outside of the Proposal Area. These are 
located abutting the existing BORR Stage 1 (Lot 2 Boyanup Picton Road) and Reserve (R23000) 
abutting Bussell Highway in Gelorup. Any reduction in WRP presence at potential impact sites will be 
compared with those in the reference sites. Analysis will include comparison of data and trends 
between seasons and years, and also between reference sites outside of the Proposal and potential 
impact sites within the Proposal Area. This will enable determination of the likelihood of impacts 
having resulted from the Proposal and if impacts associated with relocation into adjoining habitats is 
occurring.  

As noted in the Updated Referral Document, the success rates of documented translocation projects 
are poor, in part due to the stress associated with handling and movement of WRP individuals. Larger 
tagging programs and attempts to capture and tag higher numbers of individuals is contrary to the 
stated goal of passive relocation and avoiding the potential impacts associated with the handling of 
WRP.  

Main Roads is continuing to work with Biota to finalise the scope and form of the Mitigation and 
Management Monitoring Program, which will be discussed with DBCA. When details regarding the 
program are available, Main Roads will provide the documentation to EPAS. 
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Item 
No. 

EPA Services Comments 

12 The proposed monitoring methods (motion-sensor cameras and scat presence) to measure 
the utilisation of the fauna crossings for five years post-construction will not be able to 
determine whether one possum is using the crossing or multiple possums. EPAS considers 
the monitoring method could be improved to validate the success of fauna crossings. This 
could include additional measures such as possum tagging in conjunction with tag readers 
at the crossings and/or DNA analysis of scats found at the crossings.  

• Please revise the Fauna AMP (Appendix G) to consider additional measures to measure 
the effectiveness of the crossing structures at mitigating fragmentation impacts on 
WRP. 

While motion-sensor cameras and scat presence are not perfect measures of each individual WRP 
crossing attempt, both measures are non-invasive and present less potential stress related impacts on 
WRP. Cameras can discern individuals to a certain degree and define order of magnitude use. Prior 
studies using these methods (Yokochi & Bencini, 2015; Chambers & Bencini, 2016) have proven to 
characterise the effectiveness and use of structures in the southwest. The proposed methods for 
monitoring the use of structures is consistent with prior studies on crossing structures that were able 
to fully define functioning structures versus non-functioning. As such, Main Roads does not propose to 
modify a proven monitoring program for the use of structures at this time. 

Electronic tag readers have been found to have operational maintenance issues and short term 
operational life. Main Roads will discuss further with DBCA the option of DNA analysis of scats found 
at the crossings which will be implemented through a revised AMP. 

The aim of the proposed radio-telemetry monitoring is to ascertain whether the passive relocation 
through shepherding into adjacent habitat has been successful, with monitoring proposed both prior 
to, during, and for 10 years, following construction.  

Main Roads is also proposing to extend the program from 5 years to 10 years, occurring biannually, to 
ensure success criteria are monitored over a longer period of time to ensure the efficacy of the 
proposed structures.  

 

Item 
No. 

EPA Services Comments 

13 Table 5-4 WRP & brush-tailed phascogale (BTP) Risk Assessment, does not identify 
predation of displaced possums as a risk. Consequently, Table 6-1 does not identify 
predator control actions to be implemented.  

DBCA have advised that results from WRP translocation projects suggest that individuals 
removed from their home territories have limited capacity to locate and secure safe shelter 
sites, particularly in habitat already occupied by resident WRP and thus are highly 
vulnerable to predation.  

The WRP Recovery Plan identifies foxes and cats as major predators of WRP, particularly in 
relation to the lack of WRP translocation success. WRP translocations that have been 
successful (Busselton Hospital to Perup Sanctuary, Busselton to Yalgorup National Park) 
have been supported by intensive fox control programs or had fox free enclosures.  

Noting that MRWA ‘self-relocation’ method has not been adequately tested to demonstrate 
its success is better than translocation, the risks to displaced WRP (and BTP) individuals 
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from predators could be similar. Therefore, strategic and targeted control of foxes and feral 
cats should be undertaken to reduce predators while displaced WRPs (and BTPs) are 
adapting into neighbouring habitat. DBCA have advised that there are predator control 
methods available that reduce risks to off-target domestic animals in the peri-urban context 
of the proposal area.  

DBCA have also advised that strategic and targeted pest control around fauna bridges and 
underpasses is likely to benefit WRP’s impacted by the proposal.  

• Please address these comments and review the Fauna AMP (Appendix G) to consider 
fox and cat predator risks to threatened fauna and control measures to further reduce 
impacts pre- and post-clearing.  

Main Roads is not supportive of implementing predator control adjacent to the Proposal Area unless 
there is zero risk of non-target animals (domestic pets) being impacted by predator control measures. 
At this time, Main Roads is not aware of an effective predator management program that has been 
proven to be effective in the peri urban environment and resulted in zero risk to non-target animals. 

Unlike the translocation programs mentioned above, it is considered that self-relocating WRPs will be 
moving into an area they are already familiar with and won’t be “highly vulnerable” to predation. 

Given the use of passive relocation efforts, Main Roads anticipates that WRP will move into adjacent 
areas of the species existing home range more that would be more likely to reduce the potential risks 
associated with predation. The linear clearing corridor for the Proposal provides for good dispersal 
options for WRP into adjacent habitat, and it is likely that dispersing individuals are already familiar 
with these adjacent habitat areas as part of their home range. It is anticipated that WRP individuals 
will readily relocate into other areas of their home ranges where the risk of predation often associated 
with translocation efforts would not be a risk. Accordingly, Main Road asserts that potential risks 
associated with predation during construction will be minimised. 

Main Roads will use artificial dreys and watering points in adjacent habitat as noted in the Fauna AMP 
(BORR IPT, 2020a). This approach is consistent with DBCA’s advice on clearing WRP habitat, (Appendix 
C).  Temporary dreys, watering points, and other protective natural structures such as felled trees (a 
minimum of two per hectare) will be installed and maintained in potential WRP / BTP habitat to be 
retained at least six weeks prior to clearing commencing. 

The Fauna AMP has been reviewed and reflects the risk of predation to threatened fauna. 

 

Item 
No. 

EPA Services Comments 

14 Please provide further information about and consideration for providing artificial dreys in 
adjacent habitat prior to clearing into to reduce potential impacts to displaced possums.  

Main Roads will use artificial dreys and watering points in adjacent habitat as noted in the Fauna AMP 
(BORR IPT, 2020a). This approach is consistent with DBCA’s advice on clearing WRP habitat, (Appendix 
C).   

Temporary dreys, watering points, and other protective natural structures such as felled trees (a 
minimum of two per hectare) will be installed and maintained in potential WRP / BTP habitat to be 
installed at least six weeks prior to clearing commencing. The location and details of these 
management measures will be further discussed with DBCA prior to clearing. 
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Item 
No. 

EPA Services Comments 

15 Possum exclusion fencing is not provided alongside Reserve 23000 near the proposed fauna 
crossing. Given the densities of WRP in this Reserve, the road is likely to pose a high risk of 
vehicle fauna strikes.  

• Please provide consideration for possum exclusion fencing provision alongside Reserve 
23000 to both reduce the risk of vehicle strikes to wildlife including WRP/BTP and 
encourage use the proposed underpass connecting Reserve 23000 and the Gelorup 
corridor. This could also potentially increase the effectiveness of the fauna crossing 
mitigation measure (by funnelling fauna to the crossing) and reduce the fragmentation 
impacts of the proposal and should therefore be considered. 

Reserve 23000 sits along the existing Bussell Highway dual carriageway and no change in impacts at 
the location are anticipated.  

The Proposal will improve the east-west movement of WRP across Bussell Highway (from Gelorup to 
Reserve 23000) by providing a safer crossing opportunity through the placement of rope bridges. 
Fencing will be placed on the eastern side of BORR to funnel WRP to these crossing structures over 
BORR and Bussell Highway. 

Main Roads proposes to install additional fauna fencing either side of the proposed crossing structures 
that will traverse Bussell Highway. Figure 16 has been updated and is provided on Plate 3. 
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Plate 3 Figure 5. Fauna Crossing Provisions and Exclusion Fencing Plan (excerpted from Updated FAMP)  
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Item 
No. 

EPA Services Comments 

16 EPAS do not support the “gentle bumping” with machinery and “soft felling” of trees 
containing a threatened animal (Table 6-1) as a clearing protocol.  

We note MRWA position ie: “that the combination of the preclusion of refuge site use prior 
to clearing (where possible), pre-clearance surveys, staged clearing and implementation of 
sensitive clearing protocols will substantially reduce the likelihood of any WRP remaining 
within trees to be felled. To ensure the best outcome in regard to animal welfare, Main 
Roads intends to avoid handling any fauna during construction. The proposal to gently 
bump any trees still housing WRP after 48 hrs is considered adequate and the best option 
to allow animals to self-relocate” (p.25 of AMP). 

EPAS understands that the risk of animals being unable to self-relocate after 48 hours is 
unlikely; however, if this circumstance arises it is recommended that efforts to capture and 
relocate the individual is undertaken (in consultation with the DBCA) as a key impact 
management measure as opposed to felling a tree containing a threatened animal.  

• Please revise the Fauna AMP (Appendix G) to consider this measure or provide a 
suitable alternative.  

Management measures do not preferentially fell a tree with a threatened animal present. The “gentle 
bumping” and “soft felling” of trees with respect to WRP is part of a larger process within which other 
actions to minimise the presence of WRP at the time clearing commences are anticipated to be the 
primary mechanism for relocation of WRP and is a standard clearing technique approved previously by 
both DBCA and DWER. All protocols being undertaken are consistent with the DBCA management 
procedure Procedures to Minimise the Risk to Western Ringtail Possums During Vegetation Clearing 
and Building Demolition (DPaW, 2015) included in Appendix C.  

WRP habitat clearing protocols have been developed based on WRP site surveys and observations, 
and the potential for WRP use. Habitat clearing categories within the Proposal Area have been 
developed in consultation with Barbara Jones1, based on her WRP knowledge and the results of recent 
targeted WRP surveys within the Proposal Area completed to date. 

Clearing will be conducted during the period of February to August based on designated clearing 
categories clearing from the Proposal corridor towards adjacent habitat to support passive relocation. 
Prior to and during construction the following actions would include: 

• All WRP and BTP habitat that is to be retained within the development envelope will be surveyed 
and delineated with temporary fencing prior to site works to ensure it is conserved 

• Pre-clearing fauna searches shall be conducted immediately prior to and during clearing 
operations and will include hollows, dreys, ground debris, dense ground-level vegetation, fallen 
timber and logs 

• Vacant tree hollows suitable for WPR or BTP will be removed or blocked prior to clearing if feasible 
and where accessible 

• Vacant dreys will be removed prior to clearing if feasible and where accessible 

 
1 Barbara Jones has been studying the WRP population for more than 30 years and is recognised by the 

Commonwealth as one of the pre-eminent experts regarding WRP populations and ecology (TSSC, 2018a). (TSSC, 
2018a). 
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• Spotlighting of potential WRP and BTP habitat will be undertaken by a suitably experienced person 
for two nights immediately prior to clearing 

• If WRP or BTP are observed during clearing operations, the tree containing the animal shall be left 
for up to 48 hours to allow for the animal to vacate, while clearing continues in adjacent 
vegetation. If the tree continues to be occupied after 48 hours, the animal will be coerced / moved 
to a safe area outside of the clearing footprint by the appointed zoologist / environmental scientist 
/ fauna spotter  

• Trees, as noted above, that are observed to support WRP and / or BTP after 48 hours will be 
‘bumped gently’ with a machine prior to felling. The operator and spotter will wait and observe 
the tree for a short time. If the animal remains in the tree it shall be pushed over slowly onto 
vegetation within the clearing area that is yet to be cleared. The ‘soft felling’ of habitat trees will 
provide a ‘cushion’ for the vegetation being felled, minimising the risk of injury to the animal and 
allowing any WRP and BTP present with the opportunity to safely vacate  

• Felled trees with hollows, will be checked immediately for fauna after felling and prior to further 
processing. If it is not possible to fully inspect the hollow the tree will be left on the ground 
overnight to allow time for any undetected fauna to vacate 

• Habitat clearing is to be staged, commencing from existing edge lines / roads and progressing 
towards habitat that will be retained to direct WRP and BTP towards these areas 

• Vacant dreys within felled trees will be destroyed immediately to prevent animals re-entering 
them 

• A post-clearing survey shall be undertaken immediately following each day’s clearing operations 
and the following morning to identify the presence of any injured animals 

• Cleared vegetation will be chipped immediately or transported at least 100 m from WRP and BTP 
habitat before further processing 

• Movement / disturbance of clearing stockpiles will be confined to the period one hour after 
sunrise to one hour prior to sunset 

• All buildings requiring demolition for the Proposal will be inspected for WRP and BTP for two days 
prior to demolition works 

• An experienced zoologist / environmental scientist / fauna-spotter will be on-site at all times 
during the demolition of buildings suspected or observed to house WRP or BTP 

• Machinery operators will maintain radio communication with their spotter. 

Direct actions within habitat or vegetation with WRP or other threatened fauna individuals present 
inclusive of “gentle bumping” and “soft felling” of trees are a last resort action after other means of 
allowing for passive relocation have failed. The combination of the preclusion of refuge site use prior 
to clearing (where possible), pre-clearance surveys, staged clearing and implementation of sensitive 
clearing protocols will substantially reduce the likelihood of any WRP remaining within trees to be 
felled. To ensure the best outcome in regard to animal welfare, Main Roads intends to avoid handling 
any fauna during Proposal construction. The proposal to gently bump any trees still housing WRP after 
48 hours is considered adequate and the best option to allow animals to self-relocate. 

  



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 26 

Item 
No. 

EPA Services Comments 

17 The chuditch (Vulnerable) was not detected in the proposal area during the targeted survey 
(ARI, Appendix N). This survey used spotlighting as the primary detection method, which is 
unlikely to be adequate for this species, particularly when the targeted survey was primarily 
focussed on two highly arboreal species (WRP and BTP). Surveys methods for the chuditch 
should include cage and camera trapping as the primary detection methods. While 
additional survey work for this species is not considered necessary, the Fauna AMP should 
consider the potential of encountering this species during clearing and include specific 
mitigation measures to reduce impacts e.g: clearing protocols should be expanded to 
include this species and associated methods to identify it during pre-clearance surveys such 
as inspecting horizontal hollow logs or other potential dens etc.  

Similarly, the ARI document outlines 76 ha of habitat for quenda (Priority 4) would be 
cleared, but the AMP does not consider quenda.  

• Please revise the Fauna AMP (Appendix G) to consider additional mitigation measures 
to reduce potential impacts to chuditch and quenda during implementation of the 
proposal.  

Using the management protocol outlined in the AMP, all fauna will be addressed, and management 
measures will benefit other conservation significant fauna, with species familiarisation being included 
as part of the toolbox. Fauna spotters associated with the Proposal would be familiar with the species 
affected, including chuditch, quenda and other conservation significant fauna not specifically targeted 
in management actions.  

 

3.3. Flora and Vegetation 

Item 
No. 

EPA Services Comments 

18 The ARI document states that the proposal will directly impact 3.2 ha of Vegetation 
Association 998 Medium Woodland; Tuart, which will reduce the local extent to less than 
10% remaining of pre-European extent.  

• The RTS should address the impacts at a local level to this vegetation association and 
provide an analysis as to whether the residual impact is significant or not. 

Main Roads has noted that the proposal impact will take the extent remaining to below the 10% 
threshold as shown in Table 4-19 of the Updated Referral Document and the Assessment. As shown in 
Table 4-19, the community extent within the Swan Coastal Plain bioregion is 18,492.6 ha and thus the 
impact constitutes less than 0.1 % of the extent within the bioregion. 

Regardless, as the community comprises part of the federally critically endangered Tuart Woodlands 
TEC and Priority 3 PEC vegetation community, impacts are potentially significant. Impacts on the 
community have been minimised during detailed design to the maximum extent practicable. 

Measures proposed to avoid, minimise and offset impacts to Tuart woodlands TEC/PEC vegetation 
described in Section 4.3.8.3 address the potentially significant impact to this community. 
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Item 
No. 

EPA Services Comments 

19 The ARI document concludes that residual impacts to 0.1 ha of the Tuart -Peppermint 
Woodland PEC are likely to be significant. The document states that the regional and local 
extent of the PEC has not been mapped, however due to the similarity in composition, the 
mapping for the Tuart Woodlands TEC/PEC has been used as a proxy. 

• Please confirm with DBCA that it is appropriate to use the Tuart Woodlands TEC/PEC 
mapping as a proxy for the Tuart-Peppermint PEC. 

Tuart TEC/PEC comprises FCT25 (Tuart-Peppermint Woodland PEC) and FCT30b (‘Quindalup 
Eucalyptus gomphocephala and / or Agonis flexuosa Woodlands PEC’). As such, use of the DBCA 
TEC/PEC layer will overstate the extent of FCT25 but represents a conservative approach.  Advice from 
Andrew Webb at DBCA on 5 January 2021 confirmed the DBCA TEC/PEC layer, with Tuart TEC mapping 
based on the 2002 Tuart Atlas with refinements since to reconcile errors, represents the best available 
regional mapping for the PEC. 

 

Item 
No. 

EPA Services Comments 

20 Please provide further specific information to demonstrate why the patch of Banksia 
Woodland TEC/PEC in ‘Excellent’ condition (BW-S-D-3 Figure 11) is not avoidable? Are there 
any further opportunities to avoid this TEC/PEC impact given that the adjacent land to the 
south is cleared?  

The corridor is wider at this location to allow for the Jilley Road connection to Ducane Road, allowing 
access to the severed lot on the northern side of the alignment. The inclusion of access to the 
northern side of the alignment is necessary to reduce the impact on the local community and provide 
bushfire egress. The alignment cannot be moved any further south at this location as the alignment 
needs to tie into the existing road reserve through Gelorup. Any modification at this point would 
result in greater impacts in other locations.  

The final design will investigate options this occurrence, but the approach taken conservatively was 
that the proposal would require clearing of all vegetation within the Proposal Area. Final design 
protocol is to avoid and minimise all occurrences of TEC/PEC and remnant native vegetation where 
possible. While areas to the south of the alignment are clear the road alignment. 

 

Item 
No. 

EPA Services Comments 

21 The flora and vegetation spatial data provided with the ARI Document is inconsistent with 
the TEC/PEC extent adjacent to the Proposal area (Figure 12). 

• Please ensure that adjacent TEC/PEC vegetation is accurately mapped from MRWA flora 
and vegetation surveys. 

• Please consult with the DBCA and confirm (include Figure) potential locations of 
adjacent likely TEC/PEC vegetation in any areas which were not surveyed by MRWA. 
Please confirm if any further flora and vegetation surveys are proposed to clarify 
TEC/PEC extents. 
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Main Roads was not aware of any inconsistency and considers the mapping to be fully accurate of 
TEC/PEC extent adjacent to the Proposal Area. Not all TEC/PEC occurrences outside of the Proposal 
Area were surveyed with spatial boundaries in the field. However, sufficient information was obtained 
during field surveys to identify these areas, and all areas included in the vegetation monitoring 
program. No further surveys are required or will be undertaken. 

 

Item 
No. 

EPA Services Comments 

22 Fragmentation has been identified as a key threat for the Banksia Woodlands TEC/PEC 
(TSSC 2016) and the Tuart Woodlands TEC/PEC (TSSC 2019). The ARI document states that 
indirect impacts from fragmentation are not expected to the TEC/PEC communities 
remaining after Proposal implementation and that the viability of these occurrences is 
considered unlikely to change as a result of the Proposal. 

• Please provide further information regarding the assessment of the impacts of 
fragmentation on the remaining areas of Banksia Woodlands and Tuart Woodlands 
TEC/PEC adjacent to or in close proximity to the proposal. 

In the Updated Referral, Table 4-9 and 4-10 (for Banksia Woodlands TEC/PEC) and Table 4-13 and 4-14 
(for Tuart Woodlands TEC/PEC) address the impact from fragmentation in regard to the threshold in 
the relevant conservation advice for each community. As is detailed in Table 4-10 of the Updated 
Referral, all occurrences of Banksia Woodlands TEC remaining after Proposal implementation will still 
meet the criteria for the TEC as defined in TSSC (2016).   

The assessment is substantiated by evaluating criteria that define the TEC, including composition and 
condition of each impacted patch in Table 4-9 and defining the original extent, the area to be cleared, 
and the area to be retained, including the condition of vegetation for each patch in Table 4-10 
consistent with the criteria for the TEC. For Tuart woodlands, the same process and assessment of 
defined, measurable TEC criteria are listed for each impacted patch in Tables 4-13 and 4-14.  The 
occurrences and spatial context of impacts for both Banksia and Tuart Woodlands are clearly shown in 
Figure 11 with patch reference numbers that match those in the Updated Referral so that the tabular 
assessment of impacts is clearly linked to the maps, Plate 4and Plate 5. 

Management measures relative to TECs / PECs are defined in Section 4.3.8.3 of the Updated Referral 
and the Vegetation Monitoring Program (Appendix I of the Updated Referral) to assess each remaining 
portion of patches impacted by the Proposal. 

It should be noted that the numbers provided within Table 4-9 and 4-10 (for Banksia Woodlands 
TEC/PEC) and Table 4-13 and 4-14 (for Tuart Woodlands TEC/PEC) are based on survey data and not 
the actual extent of the actual TEC patches, with the TEC extending well beyond the boundaries of the 
areas that were mapped.  For the three Banksia Woodlands TEC occurrences that occur within the 
corridor, it is expected that all three patches are actually part of the same larger patch, with the 
existence of freehold land restricting project botanists from confirming whether this is the case, see 
figure below.  The connection of the TEC patches mapped within the BORR corridor appears likely 
given the following attributes that exist within the areas that connect the three patches: 

• Soil Landscape System types (211Sp_S2b and 211Sp_S2b)  

• Vegetation Association (Association 6)  

• Heddle Vegetation type (Karrakatta Complex-Central and South). 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 29 

The only Tuart Woodland TEC patch (TW-S-D-2) to be impacted by the proposal will be reduced by 4.4 ha, 
with more than 25 ha expected to remain.  The reduction of 4.4 ha is not considered to affect the viability of 
the patch given the large extent of the patch remaining. 

 

Item 
No. 

EPA Services Comments 

23 Page 103 of the ARI Document identifies that the proposal will intersect the 
Dalyellup/Gelorup/Crooked Brook South West Regional Ecological Linkage and that local 
ecological linkages will also be intersected however no further information is provided. 

• Please provide further information regarding the assessment of impacts to identified 
regional and local ecological linkages. 

The Proposal crosses Dalyellup/Gelorup/Crooked Brook South West Regional Ecological Linkage at one 
location at the southern end of the Proposal Area where the BORR Southern Section alignments is 
proposed to come through the Gelorup Road Reserve into the merger with Bussell Highway. The 
linkage was developed as part of planning associated with the GBRS, which also included the provision 
for and location of the future BORR road corridor. To the west of Bussell Highway sits Reserve 23000 
and to the west is the partially cleared peri-urban context of the Gelorup community  

The impact was assessed in regard to its local context at the point of intersect and connectivity for 
conservation significant fauna (Figure 13 in the Updated Referral Document, Figure 4 in the Updated 
FAMP). Proposed management measures include the installation of two rope bridges at Bussell 
Highway, four box culvert underpasses, a fauna land bridge and an arched underpass within the 
Gelorup Road Reserve, as well as a dedicated fauna land bridge and four rope bridges at the proposed 
Yalinda Drive interchange to maintain connectivity for conservation significant fauna, including WRP, 
through the area. 
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 ( 

Plate 4 TEC /PEC extent in BORR South 
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Plate 5 TEC /PEC extent in BORR South 
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Item 
No. 

EPA Services Comments 

24 Page 152 of the ARI document states that the majority of wetlands and associated 
vegetation within the proposal area have been identified as having a moderate to high 
potential to be groundwater dependent ecosystems which are susceptible to impacts 
associated with land clearing, water abstraction, fragmentation of native vegetation, weed 
invasion and spread of dieback disease.  

• Please provide further information regarding proposal impacts to groundwater 
dependent species. 

Results of the steady‐state two-dimensional groundwater model developed for the Proposal indicates 
that for southern portions of the BORR Southern Section Proposal Area with high groundwater levels 
where the upper soil profile is dominated by sands, compaction associated with the road footprint will 
likely have a marginal impact on existing groundwater levels (BORR IPT, 2019b). In these areas, despite 
the shallow groundwater, the relative thickness of this sand layer with comparison to the depth of 
compaction impacts does not significantly alter the throughflow of groundwater, and hence minor 
groundwater level change is expected, less than 0.1 m. 

As discussed in EPAS comment No.31, Main Roads is currently investigating alternate sources of water 
for the construction of BORR and in so doing reduce the estimated volume of groundwater that is 
required for construction. Regardless, even at the maximum anticipated volume, no localised 
drawdown impacting vegetation is expected as a result of abstraction. 

Design protocols minimise clearing where possible and the proposed management actions will address 
potential impacts to hydrology and from weed and Phytophthora dieback.  

 

Item 
No. 

EPA Services Comments 

25 The document refers to the creation of a “significant cutting” in the Centenary Road area. It 
is also understood that another cutting is proposed at the southern extent of the works 
(near the connection to Bussell Highway). DBCA have advised that soil profiles exposed by 
cuttings will have altered soil moistures (i.e. more rapid seasonal drying) which may impact 
the fringing remnant vegetation that is comprised of Banksia Woodlands and Tuart 
Woodlands TEC/PEC. 

Plant stress due to altered hydrological regimes may potentially occur within TEC/PEC 
vegetation adjacent to the cuttings. Without demarcated areas or trees that can have 
repeat visits, there is no baseline to compare plant stress. DBCA advises that establishing 
monitoring transects in these areas so that both understory and tree stress can be 
observed, adjacent to and away from the cuttings, would provide a better indication of 
hydrological plant stress than the proposed visual assessments detailed in Appendix I. 
Visual assessments may be relevant within the monitoring transects as they have 
repeatable areas where plant stress can be observed (albeit understory centered), however 
it is of limited value outside of the transects.  

• Please provide further information regarding the potential for changes to surface 
hydrology caused by proposed road cuttings. 

• Please review and update Appendix I to ensure that it is appropriate to monitor plant 
stress in adjacent TEC/PEC vegetation due to altered hydrological regimes. 
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Temporary changes to surface hydrology during construction at significant cutting locations may occur 
however these would be temporary and unlikely to have a significant long-term impact. Construction 
of the Forrest Highway resulted in several significant road cuttings adjacent to Banksia and Tuart 
woodland vegetation, as is required for BORR. No significant impact from changes to surface 
hydrology resulted at these sites. Sand batters will be constructed adjacent to cuttings and 
revegetated using local provenance species representative of the adjacent vegetation. The 
revegetation methodology to be implemented for BORR Southern is the same as that undertaken 
along the Forrest Highway. The establishment of sand batters and subsequent revegetation of batters 
will mitigate any edge effects that result from the clearing and cuttings. Where revegetation is not 
practicable, retaining walls may be used and would minimise impacts from changed surface water 
hydrology and soil moisture conditions. 

Main Roads has reviewed the Vegetation Monitoring Program and will submit a revised Vegetation 
Monitoring Program to EPAS based on advice from DBCA.   

 

Item 
No. 

EPA Services Comments 

26 The inclusion of the ‘Herb rich shrublands in Clay Pans’ FCT08 TEC (Clay Pan TEC) monitoring 
(Appendix I - CP-R-1, CP-R-2 and CP-S-I-1) is questioned for this proposal as the closest the 
proposed alignment comes to a known Clay Pan TEC is 500 m. DBCA has advised that it is 
unlikely that the hydrology of the Clay Pan TEC occurrence will be impacted by this proposal 
and suggests a greater emphasis on Banksia/Tuart Woodlands TEC/PEC monitoring, 
particularly within vicinity of proposed road cuttings would provide more meaningful 
information.  

• Please review and update Appendix I to ensure proposed monitoring is appropriate and 
effective. Please discuss further with the DBCA if required. 

This site has been included as part of the conservative approach adopted for the Proposal and will be 
retained in the vegetation monitoring program.  The site is anticipated to also inform Vegetation 
Monitoring of Clay Pan TEC already in progress for the BORR North and Central Sections Project. 

Main Roads will submit a revised Vegetation Monitoring Program to EPAS based on advice from DBCA.   
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Item 
No. 

EPA Services Comments 

27 The current reference sites for indirect impacts (Appendix I) are within Spearwood sands 
(BTW-S-R-1 and 2) or in areas of the Bassendean landform where an underlying yellow soil 
horizon exists. DBCA advises that reference sites placed in the deep grey siliceous 
Bassendean sands, as found in the disturbance areas eastern extent, may provide a better 
indication of disturbance.  

Appendix I (page 4) states that DBCA indicated (through pers. comm with Andrew Webb) 
that the sites selected in Figure 1 are suitable for use as reference sites in the monitoring 
program. DBCA advises that there is conjecture in this regard as the use of the same sites 
(BTW-S-R-1 & 2) for both Tuart and Banksia TEC/PEC reference monitoring is questionable 
and highlights that the monitoring is centered on understory species. There is also a lack of 
consideration of Banksia TEC/PEC monitoring toward the eastern extent of the impact area. 
DBCA has observed that the health of Banksia woodlands on Spearwood sands is more 
resilient to disturbance that those on Bassendean sands.  

• Please review and update Appendix I to ensure proposed monitoring is appropriate and 
effective. Please discuss further with the DBCA if required. 

BORR North includes a substantial number of monitoring sites comprising Banksia Woodlands on 
Bassendean sands. Information obtained at these sites would be used in the monitoring assessment of 
potential impacts resulting to any BORR Southern Section sites. Main Roads would consult with DBCA 
during the finalisation of the Vegetation Monitoring Program (Appendix I of the Updated Referral 
Document) and will evaluate the need for additional Banksia reference sites in the eastern portion of 
Manea Park. 

Under the current monitoring methodology, monitoring of tree health is primarily undertaken via 
photopoints. Photopoints are taken at the start and end point of each transect, as well as at 50 m 
intervals along the boundaries of monitoring sites where these adjoin the Proposal Area. A mobile 
phone application called ‘Photomon’ is used in all photopoint monitoring. Photomon uses the initial 
photopoint photograph captured as a template for any subsequent photographs taken at the same 
location, and enables the photographer to line up the field of view exactly with previous photographs. 
This enables ongoing monitoring of specific trees. 

Potential edge effects resulting from Proposal-caused disturbance are captured via the existing 
boundary photopoint monitoring. Plant stress monitoring of trees along transects at these locations 
will be added to the monitoring methodology, to ensure the specific inclusion of trees as well as 
understorey at reference monitoring sites. 

Main Roads will submit a revised Vegetation Monitoring Program to EPAS based on the advice from 
DBCA.   

Item 
No. 

EPA Services Comments 

28 DBCA advises that the monitoring transect design of 2 m x 2 m quadrats will restrict 
monitoring to only the understory species and is unlikely to record tree species (or if so the 
numbers will be exceptionally low).  

DBCA recommends that to appropriately capture tree health, including the level of plant 
stress to the canopy cover of peppermints (WRP habitat), a larger 10 m x 10 m quadrat area 
should be considered. A proportionate extension to the existing 30m transect would need 
to accommodate the increase in quadrat size.  
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• Please review and update Appendix I to ensure proposed monitoring is appropriate and 
effective. Please discuss further with the DBCA if required. 

As described in EPAS comment No. 27 above, under the current monitoring methodology, monitoring 
of tree health is primarily undertaken via photopoints. Photopoints are taken at the start and end 
point of each transect, as well as at 50 m intervals along the boundaries of monitoring sites where 
these adjoin the Proposal Area. A mobile phone application called ‘Photomon’ is used for all 
photopoint monitoring. Photomon uses the initial photopoint photograph captured as a template for 
any subsequent photographs taken at the same location and enables the photographer to line up the 
field of view exactly with previous photographs. This enables ongoing monitoring of specific trees. 

A ‘Plant stress’ scale is used in the quadrat monitoring, but because of the small quadrat size, this may 
not necessarily include many individual trees. Main Roads is willing to consider the addition of plant 
stress monitoring of trees present along the transects, not just within the quadrats. 

 

Item 
No. 

EPA Services Comments 

29 Appendix I, Table 9 - “Report findings to EPA/DBCA and implement management actions if 
impacts attributable to the Proposal are detected”. EPAS advises that findings should be 
reported to DBCA regardless of project attribution, to ensure that management actions can 
be undertaken by the appropriate land manager. 

• Please amend Appendix I. 

Findings will be reported to the DBCA regardless of whether they are Proposal attributable. Appendix I of the 
Updated Referral Document has been updated accordingly.  

 

Item 
No. 

EPA Services Comments 

30 Please ensure that any survey reports or data that are revised after their initial acceptance 
into Index of Biodiversity Surveys for Assessments (IBSA) are updated in IBSA. 

Comment noted. If applicable, updated IBSA submissions will be provided.  

 

3.4. Inland Waters 

Item 
No. 

EPA Services Comments 

31 The EPA will require an indication of the location of abstraction bores and an estimate of 
the amount of water required in order to assess the potential impacts to Inland Waters and 
associated values. 

It is understood that additional licenses may be required for the taking of water. However, 
in order to assess the potential impacts to the environmental values, indicative locations 
and quantities are required. 

Main Roads referred an application to the Department of Water and Environmental Regulation (DWER) under 
s26D and s5C of the Rights in Water and Irrigation Act 1914 (RiWI Act) to take groundwater for 36 months 
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for the purposes of construction of the Bunbury Outer Ring Road. The application proposes to construct three 
bores into the Yarragadee aquifer along the BORR Southern Section alignment. The locations of the bores as 
shown in the application are strategic only and nominally located equidistant along the alignment from 
Lilydale Rd to Bussell Highway. Further consultation with DWER is required to determine specific locations of 
these bores.   

The application remains under assessment under the RiWI Act and will only be progressed once specific 
locations are confirmed. Main Roads does not intend to locate bores close to potentially sensitive sites, for 
example Five Mile Brook, if there is a risk of drawdown effects on the waterway. 

Main Roads is currently investigating alternate sources of water for the construction of BORR and in so 
doing reduce the estimated volume of groundwater currently required for construction. 

 

Item 
No. 

EPA Services Comments 

32 Provide the reports referred to in the Memorandum dated 9 December 2020: 

• BORR IPT (2020) BORR Project Pavement Design and Geotechnical Interpretive Report 
(BORR‐00‐RP‐GT‐0004‐February 2020), Unpublished report for Main Roads Western 
Australia (BORR IPT, 2020b). 

• BORR IPT (2020) BORR Project Factual Geotechnical Investigation Report (BORR‐00‐RP‐
GT‐0003‐February 2020), Unpublished report for Main Roads Western Australia (BORR 
IPT, 2020c). 

• BORR IPT (2020) BORR Southern Section Overarching Acid Sulfate Soil and Dewatering 
Management Plan (BORR‐02‐RP‐EN‐0018‐May 2020), Unpublished report for Main 
Roads Western Australia (BORR IPT, 2020d). 

The requested documents have been provided to the EPAS. 

 

Item 
No. 

EPA Services Comments 

33 It is not clear in the ARI Document which Conservation Category Wetland (CCW) and 
Resource Enhancement Wetlands (REW) will be potentially impacted by the proposal or the 
extent of each wetland that will be impacted. It is noted that some wetlands currently 
mapped as Multiple Use Wetlands (MUW), and intercepted by the development envelope, 
may contain values commensurate with CCW, including the portion of Five Mile Brook 
within the development envelope traversed by the proposal. 

• Please clarify if a wetland assessment has been undertaken. If so please provide. If not, 
please indicate whether a wetland assessment is planned to be undertaken prior to 
construction. 

• Please specify the UFI of each of the wetlands (including MUW) that are intersected by 
the development envelope. 

• Please provide a Figure to show where the 0.16 ha of vegetation associated with the 
CCW to be impacted is located. Please demonstrate why this residual impact is not 
considered significant, including clear analysis of impacts to quality of vegetation, 
extent remaining (before and after proposal) and description of impacts of removal. 
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• Please specify the extent of the impact to the riparian vegetation of Five Mile Brook 
(provide Figure) and provide an assessment of the likely impacts. Include a 
consideration of the significance of the impact to the values of Five Mile Brook. 

• Clarify what consultation has been undertaken with the DBCA over the proposal 
impacts to wetlands. 

Preliminary Wetland Assessment 

A Preliminary Wetland Assessment was undertaken for the BORR Southern Section, (BORR IPT, 2018a). 
This document was not provided as an Appended Report with the Updated Referral Document as the 
total area of Conservation Significant wetlands within the Proposal is relatively small (1.56 ha). Data 
for the wetlands and waterways were reported in the Flora and Vegetation Report (BORR IPT, 2019c) 
and Aquatic Fauna Report (WRM, 2020a; WRM, 2020b) appended to the Updated Referral Document. 

The Updated Referral Document reported that the Geomorphic Wetlands database reports there is 
43.4 ha of mapped wetland with the Proposal Area comprising: 

• 0.16 ha of Conservation Category 

• 1.4 ha of Resource Enhancement  

• 41.8 ha of Multiple Use wetlands.  

Unique Function Identifiers  

The Unique Function Identifier and area for each wetland within the Proposal Area is shown in Figure 
17 of the Updated Referral Document and are provided in Table 3. 

The Draft Wetlands Report, GHD 2018, is provided in Appendix A. 
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Table 3 Areas of Wetland Impacted By Proposal 

Wetland category UFI(s) Impact Area (Ha) 

• Conservation (0.16 ha total) • 14478 • 0.16 

• Resource Enhancement (1.42 ha total) • 1117 • 1.42 

• 15493 • 0.00001 

• Multiple use (41.78 ha total) • 929 • 1.25 

• 932 • 0.48 

• 949 • 1.68 

• 1105 • 0.00 

• 1106 • 6.64 

• 1113 • 0.06 

• 1115 • 1.74 

• 1122 • 3.89 

• 1163 • 1.32 

• 1165 • 0.57 

• 1167 • 0.85 

• 13228 • 21.44 

• 15500 • 1.85 

 

Conservation Category Wetland  

The 0.16 ha of CCW is shown on Figure 24 and shown below in detail and with photos of the area in 
question. The impact area is located along the edge of the CCW where it adjoins the existing Bussell 
Highway. The extent of construction works in this location is a tie-in to an existing driveway. The total 
area of the CCW as mapped by the Geomorphic Wetland database is approximately 59.5 ha of which 
0.16 ha or 0.003 % will be cleared. The Flora and Vegetation survey maps the vegetation at this site as 
VT10 – Parkland cleared with scattered natives/planted species and is ‘Highly Modified and Cleared’ 
Condition.  

The 0.16 ha of CCW potentially impacted by the construction of BORR is shown on Figure 24, as inset 
here, Plate 6. 

The impact area is located along the edge of the mapped CCW where it adjoins the existing Bussell 
Highway and the extent of construction works is a tie-in to an existing driveway, Plate 7.  
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Plate 6 Location of 0.16 Ha CCW in BORR Southern Section Proposal Area 

Plate 7 General context Photo of 0.16 ha CCW in BORR Southern Section Proposal Area 

The potential impact to the CCW is not considered significant for the following reasons: 

• The total area of the CCW as mapped by the Geomorphic Wetland database is approximately
59.5 ha of which 0.16 ha or 0.003 % will be cleared

• The Flora and Vegetation survey maps the vegetation at this site as VT10 – Parkland cleared with
scattered natives/planted species and is ‘Highly Modified and Cleared’ Condition

Impacted area 
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• The clearing area is directly adjacent to an existing highway and driveway and potentially already
impacted from edge effects and other disturbances.

Five Mile Brook 

Flora and vegetation and fauna habitat values were studied for Five Mile Brook and reported in the 
Updated Referral Document. 

Flora and Vegetation 

The riparian vegetation in Five Mile Brook is representative of the Southern River Complex – Open 
woodland of Corymbia calophylla (Marri) - Eucalyptus marginata (Jarrah) - Banksia species with 
fringing woodland of Eucalyptus rudis (Flooded Gum) - Melaleuca rhaphiophylla (Swamp Paperbark) 
along creek beds.  

The Flora and Vegetation survey (BORR IPT, 2019c) mapped the vegetation as VT8 - Low open forest of 
Eucalyptus rudis and Melaleuca preissiana over grassland of *Ehrharta longiflora and *Avena species 
over sedgeland of Lepidosperma longitudinale over herbland of *Rumex species 

The total area of this vegetation type within the Proposal Area is 0.6 ha of which 0.5 ha was reported 
in Degraded condition and 0.1 ha Degraded to Completely degraded condition. 

Fauna Habitat 

The aquatic fauna survey undertaken in the BORR southern section reported finding one Black Stripe 
Minnow in Five Mile Brook (WRM, 2020b). The sampling point is shown in Plate 8. The Report described the 
Site as having little intact riparian vegetation. While the riparian vegetation has been reported as being in 
Degraded condition, the hydrologic connectivity is an important environmental value that should be 
maintained to sustain a functional habitat for the BSM, Plate 9.  

Plate 8 Vegetation type VT8 mapped in Five Mile Brook 

Aquatic fauna 
sampling point 
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Plate 9 Photo of sampling location 

The BORR Southern section includes construction of a bridge over Five Mile Brook. While riparian 
vegetation may be impacted during construction, the banks of Five Mile Brook will be revegetated post 
construction to maintain the stability of its banks.  The bridge has been designed to not impact the flow of 
Five Mile Brook and therefore will not impact the habitat of the BSM.  

DBCA Consultation 

Main Roads has maintained regular consultation with DBCA throughout the development of the 
Proposal and environmental assessment process. Key environmental findings of the environmental 
investigations, that included presentation of the management actions for wetlands and waterways, 
were presented at workshop with DBCA in attendance in November 2020.  

The Draft Wetland Assessment Report issued in January 2018 is attached in Appendix A with figures 
and appendices. No further versions of the report have been prepared. 

3.5. Social Surroundings 

Item 
No. 

EPA Services Comments 

34 Several public submissions have raised concerns that a number of trees registered on the 
National Registry of Big Trees in Gelorup would be cleared as a result of the proposal: 

https://www.nationalregisterofbigtrees.com.au/pages/tree-register 

It is clear in the ARI that the Big Tuart Tree will be avoided; however, it is unclear in the ARI 
if the other trees on this registry would be impacted or otherwise avoided. 

• Please clarify which of the trees on this registry are proposed to be cleared? Are there
any other further opportunities to avoid any of these trees?

The National Register of Big Trees has six trees recorded for the Gelorup area. These trees are: 

• Tuart ‘Grey Giant’ Eucalyptus gomphocephala

https://www.nationalregisterofbigtrees.com.au/pages/tree-register
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• Paperbark – Swamp Melaleuca rhaphiophylla

• Moodjar, WA Christmas Bush – Nuytsia floribunda

• Moodjar, WA Christmas Bush – Nuytsia floribunda

• Western Woody Pear – danja, dumbung, koongal Xylomelum occidentale

• Paperbark – Swamp - Melaleuca rhaphiophylla.

The location of these trees is shown in Plate 10. Of the six trees, four are directly avoided. These are: 

• Paperbark – Swamp Melaleuca rhaphiophylla

• Western Woody Pear – danja, dumbung, koongal Xylomelum occidentale

• Paperbark – Swamp - Melaleuca rhaphiophylla

• Tuart ‘Grey Giant’ Eucalyptus gomphocephala.

The Tuart ‘Grey Giant’ was initially to be cleared under the original alignment, however, amendment of 
the alignment of BORR Southern Section has resulted in this registered Tree being retained. 

Under the current proposed design, two registered trees are likely to be lost. These are: 

• Moodjar, WA Christmas Bush – Nuytsia floribunda and is identified CAP004. (Coordinates -33.4331
and 115.6205).

Avoidance of CAP004 is likely prohibitive given the position of the tree within the Gelorup road reserve 
corridor, as shown in Plate 11. This Tree does not have hollows or other notable habitat attributes required 
for Black Cockatoo breeding, but is within identified habitat for WRP and foraging habitat for Black 
Cockatoos.  
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Moodjar, WA Christmas Tree – Nuytsia floribunda identified as CAP003 (Coordinates -33.4331 and 
115.6205).  Site investigations have identified that the location of this tree was recorded incorrectly and it 
in fact occurs 15m inside the road reserve boundary.  Avoidance of CAP003 is not possible given the 
position of the tree within the Gelorup road reserve corridor and will be directly impacted as a result of 
ground-disturbing works.  

Plate 10 Location of the six significant trees 
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Plate 11 Location of registered Nuytsia floribunda impacted by the BORR Southern Section Proposal 

The locations of all six trees provided to Main Roads are as detailed in Table 4. 

Table 4 Locations of National Register of Big Trees 

NTWA REF COMMON NAME LAT: LONG: PREDICTED 
IMPACT 

CAP001 Tuart -33.428525 115.635138 Retained 

CAP002 WA Swamp Paper Bark -33.419334006 115.642190742 Retained 

CAP003 WA Christmas Tree -33.434 115.62 Removed

CAP004 WA Christmas Tree -33.4331 115.6205 Removed 

CAP005 WA Woody Pear -33.42198 115.6335 Retained 

CAP006 WA Swamp Paper Bark -33.4124 115.6557 Retained 
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Item 
No. 

EPA Services Comments 

35 Section 4.9.7.3 (page 174) of the ARI states 65 properties have been identified as most likely 
to be impacted by noise. Table 4.3 and 5.1 of Appendix C indicates this is 67 properties. It is 
noted some properties are shown to fall into both the 55 decibels (dB) (new road) and 60dB 
(road upgrade) however the residences within proximity to new roads also appears to be 
miss-represented in the ARI. 

• Please clarify which properties being potentially impacted by noise.

The number of properties reported as likely to be impacted by noise has evolved as further advice on 
the nature of the dwellings, i.e. used as residences and not sheds, became clear hence the variation in 
properties reported.  

Table 4-3 shows that: 

• 68 properties were considered in the assessment as likely to be impacted by noise

• 32 houses are above 60 dB(A) by 2041

• 54 houses are above 55 dB(A) by 2041. The 54 houses include the 32 houses where noise exceeds
60dB(A), therefore there are an additional 22 houses impacted by 2041.

With mitigation the number of properties impacted is: 

• 12 houses above 60dB(A) by 2041

• 22 houses above 55 dB(A), i.e. an additional 10 houses

• 12 houses above the road upgrade criteria

• 6 houses above the new road criteria.

Table 5-2 of the Noise Modelling Report lists 16 addresses that will be impacted by noise. 

Item 
No. 

EPA Services Comments 

36 Section 4.9.9.3 (page 177) of the ARI document states 24 properties will exceed their 
relevant outdoor noise targets with the proposed mitigation. Table 5.1 of Appendix C shows 
17 properties. The ARI document further states residences predicted to be above their 
relevant noise outdoor target will be given architectural treatment to mitigate noise 
impacts and will be discussed on a one-to-one basis with the landowners. Table 5.2 of 
Appendix C shows 16 properties that will be offered architectural upgrades. It is noted one 
additional residence to Table 5.2 (Property 1) will be monitored and may be offered 
architectural treatment. 

• Please clarify the properties which are being offered architectural treatment and
provide further information on why any properties that exceed the noise target would
not be offered the same noise mitigation measures.

The noise modelling report finds that 18 properties exceed the reportable limit after mitigation 
measures have been applied. Property 1 is not being offered architectural treatment at this time as 
the reported exceedance at this property is marginal. Noise levels at this property will however 
continue to be monitored and if noise levels exceed the reportable limit, architectural treatment will 
be offered. Removing Property 1 from the list of properties offered architectural treatment reduces 
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the number of properties offered architectural treatment to 17. Table 5-2 lists 16 however as one 
property has two dwellings. 

As part of the revised design as per the Section 43a request submitted 9 August 2021, despite all 
sensitive receivers within the Gelorup Section complying with State Planning Policy 5.4 - Road and Rail 
Noise (SPP 5.4), noise impacts being further reduced by continuing the noise walls along the road 
verge as screen walls. This will be in areas where gaps existed due to predicted levels being below 
mitigation trigger levels, except where the road is in a large cutting and therefore sunk well below 
existing ground levels. Continuation of screen walls between the noise walls will also reduce visual 
impacts by providing additional screening of road traffic. 

 

Item 
No. 

EPA Services Comments 

37 Four photomontages have been provided which offer a good representation of the visual 
impacts at five Viewpoints, however there are ten other Viewpoints listed in the Landscape 
and Visual Impact Assessment (Appendix D) without visual representation of the impacts. It 
is difficult to comprehend and therefore assess the visual impacts at these other Viewpoint 
locations without photomontages. The visual impact assessment also does not include 
sufficient visual representation of the noise wall design and the associated visual amenity 
impacts. 

• Please provide additional photomontages for the other Viewpoints, or at a minimum at 
those points within Gelorup that are more likely to receive greater visual impacts (and 
are not otherwise already provided) ie: VP09; VP10; VP11; VP15; VP16?  

• Additional points and photomontages should be provided to demonstrate the visual 
amenity impacts from the proposed noise walls. 

The Landscape Visual Impact Assessment (LVIA) provides an assessment of the potential impact BORR 
Southern Section will have at key viewpoints within the Corridor. As part of this study, the LVIA 
assessed the Urban Landscape Design Framework (UDLF) prepared for BORR Southern Section to 
confirm the landscape character units and that the strategies proposed in the UDLF mitigate the visual 
impact of the built form. 

The visual amenity of BORR Southern Section is presented in three parts: 

• Landscape Character Units as described in the UDLF 

• 17 Viewpoint locations 

• Four photomontages. 

Each of the above provide the visual context that is impacted by BORR South. The four photomontages 
were selected as representative viewpoints. The potential visual amenity impact of the noise wall is 
shown in viewpoint 12 as representative of the potential impact on amenity. Existing photomontages 
11 and 12 are representative of other requested viewpoints, potential amenity impacts, and 
mitigation treatments.  

The LVIA listed the recommendations of the UDLF that are considered key to maintaining the visual 
amenity in the Gelorup area. The study concludes with recommendations to consider during detailed 
design. 

Additional photomontages are not required to further inform the visual impact of BORR Southern 
Section in Gelorup. It is important that the principles and recommendation of the UDLF and the 
recommendations of the LVIA are considered during the detailed design phase.   
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3.6. Social Surroundings – Aboriginal Heritage  

Item 
No. 

EPA Services Comments 

38 Section 4.9.5.1 of the ARI document (page 168) identifies lodged Aboriginal sites ID 38551 
Five Canoes and ID 38552 Ancient Moojar Grove Burial Ground. The ARI states site 38552 
was lodged in September 2020 and requires further assessment however there is no 
discussion of site 38551 (modified tree). It is not clear if the ‘further assessment’ refers to 
MRWA as part of the proposal or generally under the Aboriginal Heritage Act. It is noted the 
Archaeological and Ethnographic surveys do not discuss either of these sites. Figure 28 does 
not clearly indicate where site 38551 is located however EPAS notes it is entirely within the 
proposal area north of Woods Road, east of Banksia Road and South of Eucalypt Drive.  

• Please provide further information on the potential direct and indirect impacts of the 
proposal on lodged sites 38551 and 38552. 

An additional ethnographic study and archaeological assessment was undertaken to examine the cultural 
significance of the two lodged Aboriginal Sites ID 38551 Five Canoes and ID 38552 Ancient Moojar Grove 
Burial Ground. The consultative meeting was held in October 2020.  

Following the archaeological examination of the two Sites and the consultative meeting held with the 
Traditional Owners nominated to speak for the Sites, the additional study and heritage consultation 
concluded that neither Site has potential historical, anthropological, archaeological or enthographical 
interest.  

Furthermore, one of the Traditional Owners, advised the meeting that the approach to aboriginal heritage 
undertaken by those parties responsible for the lodgement of the Sites was neither acceptable nor 
appropriate and that as a result of these Sites being lodged, considerable disharmony had occurred within 
the aboriginal community. He also advised that only those of ‘traditional origin’ should speak on heritage 
matters, i.e. they belong to the country and that neither party responsible for lodgement of the Sites could 
make this claim.  

The Traditional Owners advised the meeting that there are no heritage impediments to the construction of 
the BORR and that the BORR should proceed. 

As a result of the findings of the investigation, it was determined that an assessment of direct and indirect 
impacts of the two Sites was not required. 

 

Item 
No. 

EPA Services Comments 

39 It is noted that the ARI document states on page 168 the BR1 tree is 15m east of the 
proposal area. Figure 2 of the Archaeological survey shows the BR1 tree 63 m from the 
area of disturbance.  

• Please clarify the distance the proposed BORR is from the BR1 tree to ascertain the 
potential for indirect impacts.  

BR1 is located 63 m from the Proposal Area. This location was assessed in both the archaeological and 
ethnographic studies where it was confirmed that the BR1 would not be impacted as a result of the 
construction and operation of BORR South.  
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As shown in Plate 12, BR1 is 15m outside of the development envelope. The distance of 63m is from the 
physical design footprint of the proposed BORR infrastructure.  

 

Plate 12 Inset 1 of Figure 28 from the Updated Referral (Aboriginal Heritage Inquiry System search and 
field survey results) with Inset 2 highlighting Proposal Area boundary and location of BR 1 Tree 

 

3.7. Offsets 

Item 
No. 

EPA Services Comments 

40 Please provide further information regarding offset 2 and 3 on private land, including maps 
and the outcomes of any surveys outlining the environmental values and status of the 
purchase. 

Noting the sensitive nature of these discussions, a separate document can be provided 
that will not be made publicly available as part of the Response to Submission package. 

As noted in the Offset Strategy appended to the Updated Referral Document, the offsets detailed 
were those under consideration at the time of preparing the document i.e. preliminary offsets. 

Main Roads has provided a Updated Offset Strategy for the approval of the EPA (and will submit same 
to Department of Agriculture, Water and the Environment (DAWE) in due course). 

The purchase of offset 2 was not realised. Instead, Main Roads is in the final stages of acquiring Lot 1 
Ducane Road, Gelorup which directly abuts the BORR Southern Section alignment (Plate 13). Lot 1 totals 
40.5 ha and has been confirmed to contain the following relevant environmental values: 
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• 38.5 ha of WRP and BTP habitat  

• 37.7 ha of potential foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo 

Refer to the Updated Offset Strategy for more information. 
Offset 3 is the western portion of Lot 156 Marchetti Rd, Gelorup which is located as shown in Plate 13. 
The purchase of the western portion of this property has been completed.

 

Plate 13 Offset 2 (Lot 1 Ducane) and Offset 3 (Lot 156 Marchetti Rd), Gelorup 

The vegetation and TEC assessment and WRP survey of this property were completed in spring 2020.  
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Lot 156 has been confirmed to contain the following environmental values: 

• 8.5 ha of Banksia Woodlands TEC / PEC  

• 14.2 ha of WRP and BTP habitat  

• 9.7 ha of foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo. 

Furthermore, Offset 3 is traversed by Five Mile Brook which creates a vegetated linkage to LGA managed 
reserves within the Gelorup area to the north west. 

 

Item 
No. 

EPA Services Comments 

41 It is unclear if the densities of WRP on the proposed land acquisition offset sites have been 
calculated and considered in the assessment of the environmental values? It is therefore 
unclear whether the offsets sites would counterbalance the impacts to WRP if the densities 
of WRP are lower at the offset sites than the impact areas.  

• Please provide further details about WRP densities calculations at offset sites and how 
this has been considered in the offset calculations.  

WRP monitoring for BORR has confirmed that WRP densities are not consistent and vary over an 
annual cycle based on the WRP breeding cycle. Furthermore, numerous extraneous factors including 
seasonal weather and predation further influence WRP densities. 

The offset calculator takes into account species stocking rate in a broader context in additional to site 
condition and site context as part of the offset calculations. 

As is detailed in the Section 43a request submitted 9 August 2021, Main Roads has committed to 
providing an additional 90 ha of revegetation comprising WRP and Black Cockatoo foraging habitat 
within State Forest No. 2 and the Tuart Forest National Park, taking the total revegetation area for this 
offset to 185 ha. This is in addition to the land acquisition offsets, the environmental values of which 
are detailed in EPAS comment No. 40 and No. 43, and revegetation of Lot 104 Willinge Drive, 
Davenport. The proposed combined offsets well exceed 100% of the offset required to counterbalance 
the Proposal impact, as calculated using the DAWE/DWER offsets guide.  

 

Item 
No. 

EPA Services Comments 

42 EPAS considers impacts to 1096 trees with DBH suitable to develop nest hollows for black 
cockatoos should be considered as a significant residual impact. It is unclear from the 
proponent’s documentation as to whether impacts to the 1096 trees have been included in 
the proponent’s quantification of offsets to counterbalance impacts to black cockatoos.  

• Please provide further details to demonstrate how the impacts to 1096 suitable DBH 
trees and 13 trees with suitable hollows would be counterbalanced by the proposed 
offsets.  

The offset calculator considers habitat impacts and offset habitat suitability in a wider context. The 
calculator does not specifically address trees with a potential to develop nest hollows. 

Main Roads is confident that the proposed offsets will address the residual impact regarding DBH  
Trees with Offset site 1 alone providing a total of 1,243 trees  (Biota, 2019) that have a DBH suitable to 
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develop nest hollows for black cockatoos. Based on ground survey, the site assessment for Offset 1 
determined that 154 potential nest hollows were present in 133 trees located on the offset site. 

Item 
No. 

EPA Services Comments 

43 Appendix H states that additional site assessments are proposed in Spring or Summer 2020 
for: 

• Offset 1 – to confirm that site vegetation conforms to Banksia Woodlands TEC/PEC and 
confirm the area of fauna habitat 

• Offset 2 – to confirm that site vegetation conforms to Banksia Woodlands TEC/PEC and 
confirm the area of fauna habitat 

• Offset 3 – to confirm that the site vegetation conforms to Banksia Woodlands TEC/PEC 
and Tuart-Peppermint Woodland PEC and confirm the area of fauna habitat 

• Offset 5 – to confirm that site vegetation conforms to Tuart Woodlands TEC/PEC 
and/or Tuart-Peppermint Woodlands PEC. 

Please include site assessments in the RTS document if undertaken. 

Surveys for Offset Sites 1, 3 and 5 were completed in spring 2020 with the reports provided in Q1 2021. The 
survey results are presented in the Updated Offset Strategy and summarised below.  

Offset 1 (Lots 153, 267 and 268 Ducane Road, Gelorup) provides the following offset values for the 
BORR Southern Section: 

• 92 ha of Banksia Woodland TEC / PEC  

• 126.0 ha of WRP and BTP habitat  

• 124.1 ha of high quality foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s 
Cockatoo 

These properties form a component of the ‘Dalyellup/Gelorup/Crooked Brook Ecological Linkage’ 
identified by the EPA in their assessment of the GBRS (EPA, 2003). 

Offset 2 (Lot 1 Ducane Road) has been shown have the following environmental values: 

• 38.5 ha of WRP and BTP habitat  

• 37.7 ha of potential foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo  

Offset 2 also forms a component of the ‘Dalyellup/Gelorup/Crooked Brook Ecological Linkage’ 
identified by the EPA in their assessment of the GBRS (EPA, 2003). 

Offset 3 (Lot 156 Marchetti Road) has been shown have the following environmental values: 

• 8.5 ha of Banksia Woodlands TEC / PEC  

• 14.2 ha of WRP and BTP habitat (Biota, 2021b) 

• 9.7 ha of foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo  

Furthermore, Offset 3 is traversed by Five Mile Brook which creates a vegetated linkage to LGA 
managed reserves within the Gelorup area to the north west. 

Offset 5 (Lot 27 Tredrea Road, Myalup) has been confirmed to contain more than 20 ha of Tuart 
Woodlands TEC / PEC. Main Roads proposes a 20 ha portion of Lot 27 Tredrea Road, Myalup to address the 
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BORR Southern Section offset requirements for Tuart Woodlands TEC / PEC. 

Item 
No. 

EPA Services Comments 

44 DBCA have advised that if the outstanding surveys indicate that the areas don’t meet the 
requirements for TEC or fauna habitat, the availability for acquisition of alternative remnant 
vegetation of good to very good condition is limited. Many remaining remnants are unlikely 
to be available for purchase, due to their prospectivity for basic raw materials.  

Other properties that may potentially provide opportunities as offsets for Banksia TEC and 
fauna habitat values, exist approximately 35km to the north along the northern boundaries 
of the Kemerton Industrial Park.  

• Please provide further certainty that suitable offsets can be provided? 

This advice is noted and in the context of the Updated Offset Strategy, is no longer considered relevant. 

Main Roads has developed an Offset Strategy that adequately addresses the residual impact of the 
Proposal for approval of EPA and DAWE.  

 

Item 
No. 

EPA Services Comments 

45 EPAS notes that DBCA does not consider the western half of Lot 156 Marchetti Rd to be 
suitable for DBCA to manage due to its small size and isolation from existing DBCA 
managed lands.  

• Please outline an alternative option for its long-term protection and management, or 
otherwise provide an alternative suitable offset site.  

The comment is noted and has been discussed with DBCA office. The property will be managed by 
Main Roads until an alternative management agency is identified. Main Roads will request that the 
property be re-zoned to Regional Open Space under the GBRS.  

 

Item 
No. 

EPA Services Comments 

46 The proponent has concluded that residual impacts to 0.16 of CCWA and 1.4 ha of REW 
vegetation are not significant. However, the rationale for this conclusion has not been 
demonstrated. 

• Please provide a clear analysis of the impacts to these values, including the quality of 
vegetation to be impacted, the extent of vegetation remaining (before and after the 
proposal), and describe the impacts associated with its removal and how this relates to 
the consideration of significant residual impacts. 

Discussion on this matter is fully addressed under EPAS comment No.33. 

 

Item 
No. 

EPA Services Comments 

47 EPAS notes the commonwealth calculator has been used to quantify offsets.  
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• Has the Commonwealth agreed with the inputs/values used in the offsets calculator, 
and if so can please provide this information. 

Consultation with the Commonwealth and agreement on the final required package of offsets is 
ongoing. 
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4. RESPONSES TO PUBLIC SUBMISSIONS 

This section includes a summary of public submissions provided to Main Roads by EPAS regarding the 
Updated Referral Information and Additional Information Updated Referral Document for the Bunbury 
Outer Ring Road – Southern Section proposed by Main Roads.  Main Roads has provided a response to 
each issue highlighted by EPAS within the public submissions.  

The public review period for the proposal commenced on 19 October 2020 for a period of 8 weeks, 
ending on 14 December. A total of 998 submissions were received.  

The principle issues raised in the submissions and advice received included environmental and social 
issues as well as issues focused on questions of fact and technical aspects of the proposal.  

The key issues raised in the submissions include: 

• Alternative alignments not considered adequately, Multi-Criteria Assessment not valid 

• Unacceptable impacts to conservation significant fauna species (particularly WRP and black 
cockatoos) 

• Unacceptable impacts to Tuart Woodlands and Banksia Woodlands TEC/PEC and significant trees 

• Wetlands assessment not undertaken 

• Potential impacts to domestic water supply and groundwater 

• Aboriginal heritage surveys and consultation not adequate 

• Unacceptable social impacts – noise, visual amenity, community connectivity 

• Inadequate mitigation and management measures proposed 

• Offset information provided is inadequate 

• Inadequate consultation with local residents.  

 

4.1. The proposal – General comments 

No. Submission and/or issue 

1 Submitters have questioned that if the proposed final alignment has higher impacts to more 
environmental and social values (for e.g. greater impacts to conservation significant fauna 
and flora, visual and noise amenity impacts) than the alternative route how can the 
proponent justify that they have sufficiently avoided impacts to the EPA’s factors through the 
proposed route?  

Furthermore, the proponent references the Southern Section Alignment Report (SSASR) 
(2019d), but this document was based on a series of unpublished data which has not been 
made available to the public for comment. The SSASR also states that ‘no formal assessment’ 
was done on the Alternative (green alignment) (Pg 83 of the SSASR).  

To demonstrate the mitigation hierarchy has been applied and measures have been taken to 
avoid and minimise environmental impacts, please provide justification for the chosen 
alignment and evidence of the environmental investigations into alternative alignments. For 
e.g. see Friends of Gelorup (FOG) submission Section 2 and Appendix 1a, 1b, 1c, Shire of Capel 
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submission page 3-4, South West Environment Centre (SWEC) pages 3-17 and respond to 
issues raised. 

The Alignment Selection Study was undertaken to develop and ultimately compare two alignments to 
determine if there is more suitable alignment to the BORR Southern Alignment published in the GBRS. 
The BORR Southern Section alignment has been in place for over 40 years. In 2000, the alignment was 
confirmed in the GBRS when the Scheme was issued for public comment. The Scheme came into 
effect in 2007 and remains the current planning document for the Greater Bunbury Area.  

In May 2018, the Commonwealth Government elevated the conservation status of the WRP from 
‘vulnerable’ to ‘critically endangered’ under the Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act). This elevated status was initially considered to potentially be a fatal flaw to the GBRS 
Alignment, triggering a review of alternative alignments.  

While environmental impacts were an important consideration in determining the feasibility of the 
alternate corridor, it was not the only factor that required assessment. As such, the assessment drew 
from a range of engineering and environmental studies as well as desktop review relevant planning 
policies and data that informed the planning of primary road networks.  

The Alignment Selection Study concluded that the existing GBRS Alignment was the most suitable and 
ultimately referred to the environmental regulators for assessment under the EP Act and EPBC Act.  

Unpublished data 

The results of the field investigations undertaken for the alignment assessment are presented in the 
BORR Southern Section, Alternative Alignment, Environmental Impact Assessment (2019f). This Report 
is provided on the Main Roads website via the provided link. 

Environment & Sustainability for Bunbury Outer Ring Road | Main Roads Western Australia 

The report details the studies undertaken. These studies were: 

• BORR Southern Section Alternative Alignment Vegetation and Flora Study, (GHD 2019a) 

• BORR Southern Section Alternative Alignment Vegetation and Flora Study, (GHD 2019b) 

• BORR South GBRS Alignment Targeted Fauna Assessment (Biota 2019a) 

• BORR South GBRS Alignment Targeted Fauna Assessment (Biota 2019b) 

• BORR Southern Section Alternative Investigation Area: Targeted Conservation Significant Aquatic 
Fauna Survey, (WRM 2018) 

• European Heritage Assessment – Southern Alternative Investigation Corridor, D.G. Burnside and 
Associates 2019. 

The majority of the Alternative Alignment was surveyed for ecological and cultural values. Desktop 
data were sourced to report the likely occurrence of environmental values where field investigations 
were unable to be undertaken, principally due to access arrangements. The Matters of National 
Environmental Significance database was searched.  

The above listed reports remain unpublished. 

Mitigation Hierarchy 

The environmental values for the two alignments were identified through both desktop and field 
investigations. The mitigation hierarchy was not applied at this stage of the analysis as the objective of 
the Environmental Impact Assessment was to describe and quantify the environmental values as they 
occur within the respective development envelopes.  

https://www.mainroads.wa.gov.au/projects-initiatives/projects/regional/bunbury-outer-ring-road/environment-and-sustainability/
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The environmental values for both alignments are reported in full in the following reports and can be 
found via the link provided above. 

• Southern Section GBRS Alignment Environmental Impact Assessment (2019g) 

• Southern Section Alternative Alignment Environmental Impact Assessment (2019f). 

 

No. Submission and/or issue 

2 Submitters have questioned the accuracy and validity of the data used in MRWA’s Multi-
Criteria Assessment. For e.g see FOG submission Section 2 and Appendix 2, Shire of Capel 
submission page 3-4, SWEC submission pages 3 to 17. 

Furthermore, the submitters contest one of the main reasons put forward for discounting the 
alternative alignment based on high agricultural value: i.e: that two of the seven constraints 
listed for design ‘large farm lots with dairy and stock operations’ and ‘Agricultural activities’ 
have not been taken into consideration when assessing the ‘green alignment’. Studies of the 
‘green alignment’ indicate the area has ‘low capability for agricultural or grazing use’. The 
Greater Bunbury Region Scheme Priority Agricultural Land Policy 2017 also does not classify 
the alternative route as being in the ‘Priority Agricultural Land Policy Area’. 

Please address the above concerns as well as providing justification that the MCA being used 
is suitable and still relevant for this assessment. 

Survey data 

A number of studies were commissioned for both alignments assessed in the Multi Criteria Analysis 
(MCA). These studies enabled the MCA to be based on field data in addition to desktop data. The 
GBRS has been studied extensively and data from the following studies were utilised in the 
assessment:  

• BORR Southern Section Banksia Woodlands TEC Assessment (2018c) 

• Report of a Targeted Rare Flora Survey for Diurus drummondii along four sections of the Bunbury 
Outer Ring Road proposed alignment (Ecoedge, 2017) 

• BORR Southern Section GBRS Alignment – Reassessment of Floristic Communities (Biota, 2016) 

• BORR, South Western High to Bussell Highway Flora and Vegetation Assessment, Phase 1 and 
Phase 2 (GHD, 2015). 

In addition to these historic studies the following study was commissioned to inform the 
Environmental Impact Assessment (EIA) for the GBRS Alignment: 

• BORR Southern Section Vegetation and Flora Study (BORR IPT, 2019a). 

The environmental values of the Alternative Alignment had not been studied to the same extent as 
the GBRS alignment. In order that an equitable impact assessment could be undertaken between the 
two alignments, several studies were commissioned. These studies were: 

• BORR Southern Section Alternative Alignment Vegetation and Flora Study, (BORR IPT, 2019c) 

• BORR South GBRS Alignment Targeted Fauna Assessment (Biota, 2019)  

• BORR Alternate Alignment: Targeted Conservation Significant Aquatic Fauna Survey, (WRM, 2019) 

• European Heritage Assessment – Southern Alternative Investigation Corridor, (D.G. Burnside and 
Associates, 2019). 
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The Flora and Vegetation surveys were completed during the spring flowering season, as required for 
environmental impact assessments. Surveys undertaken outside of spring were for targeted species, 
where the flowering periods occur outside the spring season. Fauna assessments were undertaken in 
conditions suitable for observations. 

Aboriginal heritage surveys were completed by qualified archaeologists and ethnographic consultants.  

Based on the above justifications, Main Roads contends that the data used in the impact assessment 
and MCA were both accurate and valid.  

Land use assessment 

The constraints considered for both Alignments reflect the predominate landuse.  The contention 
presented in the FOG submission is that the economic and production value of the agricultural 
activities in the Alternative Alignment was overstated in the MCA process. The submissions advises 
that the Greater Bunbury Region Scheme Priority Agricultural Land Policy 2017 classifies the area as 
Spearwood and Bassendean soil systems and the Shire of Capel Strategy 1999 advises this soil system 
has moderate capability for grazing with farmland ‘requiring extra nutrients and …supplementary 
feed’.  While the area is dominated by the Spearwood and Bassendean soil systems, the enterprises 
operating in the area have developed agronomic systems to improve the productivity potential of 
these soils, including the application of fertiliser and other farm management practices such as 
managing stock carrying capacity and weed and pest control.  The assessment of landuse in the MCA 
for the Alternative Alignment considered current landuse. The MCA took a similar approach in the 
assessment of the GBRS Alignment where the number of properties impacted was considered and that 
these properties are established in a peri-urban setting. 

Main Roads is of the view that MCA reflects the predominate landuse for both alignments.  

Justification of the MCA process 

The Alignment Selection Study was undertaken to develop and ultimately compare two Alignments to 
determine if there is an alternate alignment to the BORR Southern Alignment published in the GBRS.  
While the MCA was an integral process in the determination of the feasibility of the BORR Southern 
Alignment as the primary road alignment for the Bunbury Outer Ring Road in the GBRS, it was one of 
three components of the process. The three components applied in the determination of the 
Alignment is shown in the following conceptual drawing. Plate 14 shows that in addition to the MCA, 
environmental impact assessments and the regional possum survey were also undertaken.  The results 
from each process where considered in the alignment selection. Each facet of the process is reported 
in full in the Alignment Selection Report, (BORR IPT 2019). 
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Plate 14 Processes involved in Alignment selection 

 

The actual alignment selection was undertaken in five stages. These stages are shown in Plate 15. 

 

 

Plate 15 Alignment selection process 
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The work undertaken as part of each stage is briefly described below: 

• Stage 1 This involved the preparation of constraints mapping and a review of the previous routes 
identified through earlier studies. The purpose of this was to identify a corridor for investigation. 
The resultant corridor is referred to as the Alternative Corridor and is approximately 750 m wide 
to facilitate development of a potential alignment  

• Stage 2: Undertake environmental field surveys in both the GBRS Alignment and the Alternative 
Corridor to identify environmental constraints. These along with desktop assessments were used 
in Stage 3. These studies are listed above.  In addition to the targeted environmental studies, the 
Regional Possum survey was also undertaken  

• Stage 3 Within the Alternative Corridor, identify feasible alignments approximately 100 m wide 
and undertake an MCA to determine a potential Alternative Alignment for comparison with the 
GBRS Alignment. This MCA only assessed Social, Engineering and Economic constraints. Data 
reported from the environmental surveys were used in tandem with the results of the MCA to 
determine the Alternative Alignment to be progressed to Stage 4  

• Stage 4: The existing GBRS Alignment and the Alternative Alignment were evaluated using a 
second MCA and Environmental Impact Assessment process  

• Stage 5 (Refer Section 14): Present the findings to Main Roads and document recommendations. 

The Alignments determined in Stage 3 of the process and assessed by way of the MCA and EIA fulfilled 
the following planning objectives. 

i) Enhance amenity on local roads by reducing freight and regional traffic – The BORR is a grade 
separated route around Bunbury that provides for regional and sub-regional traffic to stay off 
the local road network. This is demonstrated by the reduction of traffic across the local road 
network. Some local roads that directly provide access to the BORR will see minor increases in 
traffic but as a whole the road network will see a reduction in volume. 
 

ii) Minimised impacts on affected communities and stakeholders – Minimised impact does not mean 
no impact. All new road infrastructure project will have impacts on affected communities and 
stakeholders. The BORR Southern section project considered the impacts on landowners and 
adjacent properties in the alignment selection process. Since the GBRS alignment was chosen as 
the preferred route work, has been undertaken to minimize impacts. These measures include 
noise mitigation structures, visual screen walls, local walking trails, local road construction to 
mitigate severance impacts and footprint assessment/design to mitigate impacts on elements 
that are important to the community, these include the avoidance of the “veteran tuart tree”. 
 

iii) Create a safer road system for the community – the BORR provides a full separated regional road 
network with provision for separate pedestrian and cyclist facilities. This along with the fact that 
the regional traffic will no longer have to pass the Bunbury Hospital and University site provides 
for a safer road system that allow local trips to be made on local roads and for regional traffic to 
take the Outer Ring Road. 
 

iv) Respect and enhance our environment and heritage – The BORR alignment concept design has 
been prepared to acknowledge the environmental values within the corridor and to respect the 
heritage elements. Measures introduced include: 

(a) Reducing the median width to reduce the footprint – This has been done in 
environmentally sensitive areas to avoid impacts 

(b) Five Mile Creek Bridge – The BORR crossing of Five Mile Creek could be accommodated 
using culverts, a decision to increase the size of the crossing to a bridge was made to 
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reduce the environmental severance impacts and to respect the heritage values of Five 
Mile Creek 

(c) Fauna Crossing Movements – Additional engineering measures have been provided to 
mitigate the severance impacts on fauna through this corridor, including the proposed 
dedicated fauna land bridge east of Yalinda Drive. 

(d) Hydrology – Culverts have been provided throughout the alignment to mitigate any 
impacts on the existing hydrology. 
 

Multi Criteria Assessment process  

The alignment selection process involved two MCA separate processes. The first MCA was undertaken 
to compare the socio-economic and engineering impacts of four potential alignments identified with 
the Green Corridor (Stage 3). The EIAs and Regional WRP surveys were undertaken in parallel to the 
MCA process. 

A second Multi Criteria Assessment (MCA) was undertaken to assess the planning criteria and other 
matters between the BORR Southern Section (GBRS) alignment and the Alternative Alignment.  

The criteria assessed were: 

• Social 

o Severance 
o Landuse 
o Land acquisition 
o Noise impacts 
o Visual impacts 

• Engineering 

o Hydrology 
o Ground conditions 
o Rivers, streams 
o Road safety 
o Constructability 

• Economic 

o Construction cost 
o Operation costs 
o Network performance 
o Travel time savings 
o Strategic agricultural resources 
o Basic raw materials and mining tenements. 

Table 5 presents the findings of the second MCA.  
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Table 5 Results of the MCA comparing the GRBS Alignment and the Alternative Alignment  

 

Environmental Impact Assessment 

The environmental values comparing the GBRS Alignment and Alternative Alignment were not 
assessed as part of the MCA process. This assessment approach was undertaken by way of a detailed 
Environmental Impact Assessment (EIA) prepared for each Alignment. The environmental and cultural 
factors studied for the EIAs were: 

• Flora and vegetation 

• Terrestrial fauna 

• Terrestrial environmental quality 

• Inland waters 

• Air quality 

• Aboriginal heritage 

• European heritage. 

The key results for the above environmental factors are provided in Table 6.  The results show that the 
amenity values for both alignments are anticipated to have a relatively similar level of impact.  The 
results also show that while the GRBS Alignment is likely to have a greater impact on Terrestrial flora 
and vegetation and WRP and BC habitat, there is a predicted impact on the same values in the 
Alternative alignment.  The impact on BSM and wetlands in the Alternative Alignment, is predicted to 
be higher than the potential impact estimated in the GBRS Alignment.   
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The EIAs provide the technical detail of the environmental values predicted to be impacted in both 
alignments, including potential impacts on the WRP.   

Table 6 Broad comparisons of the key environmental values considered in the alignment selection 
process 

Criteria Sub-criteria GBRS Alignment Alternative Alignment 

Flora and Vegetation Total Native 
vegetation 

3 2 

Total TEC/PEC 3 2 

Fauna Black Cockatoos 

Potential breeding 
trees 

Foraging habitat 

2 2 

WRP 

Habitat 

Est density 

3 2 

Black Stripe Minnows 2 3 

Wetland and 
Waterways 

Geomorphic wetlands 2 3 

Waterways 2 3 

Riparian vegetation 2 2 

Heritage Aboriginal Heritage 1 1 

European Heritage 1 1 

TOTAL  21/30 21/30 

 

Detailed discussion on the impacts are provide in the EIAs provided in Appendix G of the Alignment 
Selection Report and summarised in Chapter 10.  

Black Cockatoos 

The scoring of Black Cockatoo habitat for the EIA was based on the following criteria: 

• Rating 1 is where the impact is between 1-25 ha 

• Rating 2 is where the impact is between 25-75 ha 

• Rating 3 is where the impact is greater than 75 ha. 

Regional Possum Survey 

The Western Ringtail Possum survey was the third tranche of information used to inform the 
alignment selection decision making process.  This work was undertaken to gain further insight into 
the status of the WRP population, particularly in the south west region.  The results of the work 
became the basis of discussion as to the vulnerability of this species in the region, particularly its 
vulnerability with the planned BORR Southern Section alignment.   
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The survey area covered five areas in the south west and south coast regions, including the South 
Swan coastal plain and Cape to Cape region. The field survey results recorded a population of 5,704 
WRP in the South Swan coastal plain and 2,262 WRP in the Cape to Capes region.  The survey extent 
was contained to public land and did not include the occurrence of WRP individuals on private 
property.  

The results of the Regional Possum Survey found that the WRP population is far greater than was 
predicted in 2015, 17,427 individuals compared to 3,400.  

Overall findings 

In summary, both alignment options have environmental impacts, although of a different scale and 
nature. The GBRS (Red) Alignment has a higher impact upon the Western Ringtail Possum and native 
vegetation, whereas the Alternative (Green) Alignment has a significantly higher impact upon 
wetlands and endangered aquatic fauna.  The increased population estimate for the WRP changes the 
decision-making context for the Environmental Regulators, in that, with the increased numbers, the 
impact on the species may be deemed acceptable with appropriate management measures. 

On this basis, Main Roads WA’s recommendation was to proceed with the project development of the 
Hasties Road to Bussell Highway portion of the BORR Southern Section in the GBRS (Red) Alignment.  

The Alternative alignment will no longer be considered due to: 

• Land use planning in the area surrounding the BORR Southern Section has not changed 

• Alternative alignments would have increased impact upon: 

o Land and strategic agricultural resources – Basic raw materials and mining tenements –  
o European Heritage  
o Increased project cost and reduced network efficiency. 

• The GBRS Alignment is included in the GBRS 

• Both alignments have significant but different impacts on a range of planning values 

• Increased population estimate of the WRP effectively reducing the potential impact on the 
species. 

There was no compelling reason to change the alignment, which has been included in the Greater 
Bunbury Regional Scheme and the preceding Bunbury Wellington Region Plan for many years. 

The combined assessment resulted in the conclusion that the GBRS Alignment remained feasible and 
therefore should be referred to the EPA and Department of Environment and Energy (DotEE) for 
environmental assessment under the EP Act and EPBC Act respectively. 
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No. Submission and/or issue 

3 Submitters have raised that the interchange at Centenary Road and Bussell Highway will 
impact the Kalgulup Regional Park. Confirm what will be specific impacts to the Park's 
environmental values.  

Potential impacts at the interchange of Centenary Road with Bussell Highway would be up to 0.25 ha 
as shown in Plate 16. While the August 2020 Kalgulup Regional Park draft management plan shows the 
boundaries of the park indented at the interchange to provide capacity for the interchange 
improvements, the plan and park boundaries are not yet final. Regardless, direct impacts of BORR on 
the Park would be minimal in nature based on the draft Park planning documents. Revision of the 
BORR infrastructure during detailed design will be undertaken to further minimise impacts to the 
maximum extent where practicable.  

 

 

Plate 16 Intersect between Kalgulup Regional Park and the BORR Southern Section Proposal 

 

No. Submission and/or issue 

4 Several submitters ask why the alignment south of Bunbury cannot follow the existing 
Centenary Road route and avoid as much as possible and requests an explanation of why this 
is not the preferred option?  

One of the key objectives of the BORR proposal is to separate local traffic from regional traffic, including 
heavy vehicles. By addressing this objective, the BORR proposal will accommodate future long-term traffic 
demands for many decades to come (2050+) and forms part of the ultimate Primary Regional Road network.  

The Centenary Road upgrade in the BORR Southern Section design has not been designed as alternative 
alignment to the existing proposed BORR Southern Section alignment, its purpose is to provide a strategic 
connection for the Dalyellup and South Bunbury community to access BORR as well as maintaining east 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 65 

west connectivity along Lilydale Road including potential secondary access for the residents along Jules 
Road.  

BORR will be a controlled access and grade separated highway. Utilising Centenary Road and Bussell 
Highway would result in significant changes to the local road network as well as business and property 
access. There would also be a requirement for at least one grade separated interchange on Bussell 
Highway. This would result in significant landowner impacts on both sides of Bussell Highway through 
Gelorup and Dalyellup.  

Also, Bussell Highway bisects the built-up areas in Gelorup and Dalyellup and an alignment utilising 
Centenary Road will result in strong local traffic movements across the freight corridor. This is likely to 
result in a number of road safety, pedestrian, amenity and community access challenges not faced with the 
adopted BORR Southern Section corridor.  

Further, combining local, regional and freight traffic through this area would result in a substantial increase 
in traffic volumes on Bussell Hwy over the long term. This will create network performance issues in the 
long term that are not easily resolved considering the planning for the area and the advanced state of 
adjacent development. 

The original plan for BORR allowed for a full movement interchange at Hasties Road and Ducane Road. A 
review of proposed interchange locations and local connections was undertaken concurrent with 
consultation undertaken with the Gelorup community regarding the Hasties Road upgrade. The Gelorup 
community raised concerns, particularly public safety, as a result of the modelled increase in traffic 
volumes on Hasties Road. As a result of the review and community consultation, Centenary Road was 
identified as the preferred interchange option as it removed significant volumes of regional traffic including 
freight, from the local road network.  

 

No. Submission and/or issue 

5 The submitter asks why the Northern BORR route as selected by MRWA is a far longer 
corridor through cleared irrigated farmland, wetland and remnant native vegetation, which 
up until 2015 was classified by the GBRS as “Prime Agricultural Land” - but why then were 
these same factors considered as constraints in the much shorter Centenary Road route 
option for the SBORR?  

The BORR Northern Section corridor was reviewed around 2017-18 in collaboration with the Department of 
Planning, Land and Heritage (DPLH) and in response to major proposed changes of land use planning 
associated with the future Wanju District Structure Plan (urban) and the Waterloo Industrial Park District 
Structure Plan. Changes to land referred to as “Prime Agriculture Land” in the Region Scheme and impacted 
by these proposals are anticipated to be managed through the GBRS amendment process as part of these 
developments. The Western Australian Planning Commission (WAPC) has endorsed these District Structure 
Plans.  

The future Wanju and Waterloo developments will significantly increase local traffic demands in this area 
where the previous BORR Northern Section corridor separated Wanju from other built up urban areas 
within Greater Bunbury. Based on the previous BORR Northern Section corridor, local, regional and heavy 
vehicle traffic would be combined in this area which results in a number of road safety, congestion, cost 
and community access issues. Amending the BORR Northern Section corridor further to the east and 
forming an outer edge of the propose Wanju urban development results in a corridor that separates local 
traffic from regional and freight vehicle movements providing a number of benefits not realised by the 
previous corridor.   

The Centenary Road option is not the primary distributor network for the BORR design. The primary 
distributor is the BORR Southern Section alignment proposed for the existing road reserve as 
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identified in the GBRS as a Primary Regional Road- that accommodates current and future transport 
needs. 

There have been no major changes to land use planning surrounding the BORR Southern Section corridor 
since the GBRS was implemented. 

 

No. Submission and/or issue 

6 Climate change should be considered and acknowledged that it may exacerbate and magnify 
proposal impacts to biodiversity. See pages 35-36 of FOG submission.  

Where the potential impacts of a drying climate may exacerbate or inform impacts, they have been 
considered when relevant and practicable.  For example, hydrologic connectivity has emerged as an 
important environmental factor for BORR Southern Section particularly to sustain the habitat for the 
BSM and riparian values of Five Mile Brook. A Drainage Management Strategy was prepared to inform 
the concept design phase particularly for the dimension and locations of culverts to maintain surface 
water flow.  

 

No. Submission and/or issue 

7 The submitter asks why should land acquisition happen before the alignment is signed off by 
the EPA?  

The purchase of land in parallel with environmental, heritage and planning approvals is usual practice 
for Main Roads projects. Land acquisition is an independent process that takes a long time due to 
statutory timeframes and the nature of negotiations and compensation assessments with individual 
landowners.  

Regardless, the Proposal cannot proceed until all approvals have been obtained and the acquisition 
does not assume approval under EPA process or any other statutory approval. 

 

4.2. Terrestrial Fauna 

No. Submission and/or issue 

8 The Biota (2020b) survey failed to allocate sufficient survey effort to affirmatively identify 
“critical habitat” for Carnaby’s Cockatoo. The treatment of this survey in Section 4.4.5.1 fails 
to engage with the DPW’s criteria for habitat critical to survival and does not describe the 
habitat in adequate, definitive terms. The Proponent must undertake further surveys to make 
quantifications and qualifications that actually inform the EPA in the framework provided by 
the DPaW, or else the EPA is not sufficiently equipped to determine the extent to which the 
65.4 ha of habitat to be cleared is habitat critical to the survival of the species. See page 11 
Conservation Council of WA (CCWA) submission. 

DPaW (2013) summarises habitat critical to survival for Carnaby’s cockatoos as:  

• The eucalypt woodlands that provide nest hollows used for breeding, together with nearby vegetation 
that provides feeding, roosting and watering habitat that supports successful breeding;  

• Woodland sites known to have supported breeding in the past and which could be used in the future, 
provided adequate nearby food and/or water resources are available or are re-established; 
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• In the non-breeding season the vegetation that provides food resources as well as the sites for nearby 
watering and night roosting that enable the cockatoos to effectively utilise the available food resources. 

The Bunbury Outer Ring Road Southern Section Targeted Fauna Assessment (Appendix N, (Biota, 
2020b) characterises all of these critical habitat components in appropriate detail to inform the 
assessment of impacts in the Updated Referral Document, defining suitable foraging and breeding 
habitat associated with appropriate vegetation communities mapped within the Proposal Area 
(Appendix N, Table 5-1), mapping potential breeding hollows with a drone level survey of potentially 
suitable hollows (Appendix N, Section 4.4.2.1), and an assessment of potential roosting habitat within 
12 km of the proposal (Section 4.4.5.2 and Figure 17 of the Updated Referral Document).  

These results are described the Updated Referral Document (in Section 4.4.5.1 in terms of general 
Terrestrial Faunal Habitats and informs the discussion of Black Cockatoos and potential impacts to 
critical habitats in Section 4.4.5.2 (Conservation significant fauna), Section 4.4.6 (Potential Impacts), 
and Section 4.4.7.2 (Assessment of Impacts, Black Cockatoos)), and revised in the Section 43a request 
submitted 9 August 2021. The extensive work undertaken has informed Main Roads implementation 
of the mitigation hierarchy to avoid and minimise potential impacts associated with the Proposal and 
should allow the EPA to be able to adequately assess the Proposal’s impact on Black Cockatoo.  

 

No. Submission and/or issue 

9 Several submitters have raised the following:  

“MRWA will remove 1,096 trees with a Diameter at Breast Height (DBH) >500mm and up to 
13 trees considered to have potentially suitable nest hollows for black cockatoos. This should 
be compared with the results of the community survey, in which 2350 significant trees were 
identified. One hundred and sixty-one of these were identified as habitat trees, and 487 had a 
DBH >500mm which indicated that they may have, or be capable of, forming hollows. Of 
these trees, hollows were identified in 152 of them. These trees need further investigation to 
determine whether they are either active or potential nesting sites for black cockatoos or 
possums. This data indicates that there is likely to be significant impact on black cockatoos”. 

Please provide a response explaining the discrepancies between the community tree survey 
and the Proponent’s tree survey.  

Based on the limited information provided, a preliminary review of the information available indicates 
that data collected by the Proposal’s consultants is far more complete.   

It is understood that the FoG survey covered the Gelorup portion of the BORR Southern Section 
alignment (approximately 2.5 km in length), which contains the majority of the Black Cockatoo 
habitat.   

More than 1,000 trees that had a suitable DBH were recorded within the corridor, while the FoG 
survey recorded less than 500 trees with a suitable DBH. 

The assessment of Black Cockatoo habitat was undertaken in accordance with the relevant state and 
commonwealth guidelines.  The survey undertaken by FoG used a different classification criteria.  As 
such, a direct comparison is not possible.  

The community survey used different criteria for the full survey which resulted in the identification of 
2,350 “significant trees”, with “significant trees” being described as: 

• Tuart (Eucalyptus gomphocephala): circumference >940 millimeters (mm) 

• Jarrah (Eucalyptus marginata): circumference >500mm 



30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 68 

• Marri (Corymbia calophylla): circumference >500mm

• Peppermint (Agonis flexuosa): circumference>500mm

• Common (Candlestick) Banksia (Banksia attenuate): circumference >300 mm

• Snottygobble (Persoonia longifolia): circumference >140mm

• Woody Pear (Xylomelum occidentale): circumference >300mm

• Moodja (Christmas Tree, Nuytsia floribunda): circumference >400mm

• Culturally significant trees: trees with scars, twists, leans.

Notably, the criteria for culturally significant trees is subjective and no accounting for trees that met 
this classification or the DBH of those trees is provided. Regardless, given that several species were 
counted below a DBH of 500 mm, notably including Woody Pear and Candlestick Banksia at ≥ 300 mm 
DBH (312 and 693 individuals respectively), the variance in numbers is reasonable and reflects the 
differing criteria. 

For “habitat trees”, the Proposal’s assessment focused on trees with at ≥ 500 mm DBH, trees 
potentially suitable to support hollows and Black cockatoo breeding, which were subsequently 
assessed by drone to verify the suitability of the hollows. For the community tree survey, trees were 
classified as “habitat trees” if they met any of the following criteria: 

• Diameter >500mm at breast height (DBH)

• Hollow diameter >300mm

• Likely spouts visible from ground level

• Visible evidence of nests or dreys

• Significant evidence of cockatoo foraging nearby.

Again, the more expansive set of criteria inclusive of WRP habitat and subjective criteria, suggests the 
two surveys are not likely to be significantly different if compared in detail on an equivalent basis. As 
such, differences between the two surveys are logical and reflective of the different methodologies 
used. None of the differences between the two surveys suggest any lack of efficacy or rigour in either 
survey and do not change the outcomes of the assessment.  

No. Submission and/or issue 

10 Submitters have asked why 33% of the habitat for WRP was not classified against the Shedley 
and Williams WRP data? For e.g. see page 27 of FOG submission. 

The studies undertaken for the BORR Southern Section mapped an additional 33% of WRP habitat, 
compared to the Shedley and Williams (2014) study. 

Due to the regional scale at which the Shedley and Williams (2014) mapping was conducted, there are 
differences between Shedley and Williams mapping of habitat and the field survey of the Proposal 
Area. Surveys for the Proposal identified an additional 21.6 ha of smaller suitable habitat patches than 
were identified by Shedley and Williams (2014), accounting for the 33% “not assessed”. Shedley and 
Williams (2014) is high level landscape analysis focused on larger patches of habitat and thus doesn’t 
account for smaller patches of habitat assessed in recent detailed survey for the Proposal. Regardless, 
Shedley and Williams (2014) provides a valuable rigorous approximation of general quality of WRP 
habitat within the Proposal Area and the context of habitat quality in the greater region. The more 
specific survey by Biota of suitable habitat within the Survey Area (inclusive of the Proposal Footprint 
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and additional areas) provides a more rigorous and accurate reflection of habitat within the Proposal 
and immediate vicinity. 

Accordingly, the more specific habitat survey information is used to calculate impacts. Whereas 
Shedley and Williams (2014) recent landscape level analysis is used as a suitable proxy for remaining 
landscape level habitat within the local area and immediate region of the proposal. 

 

No. Submission and/or issue 

11 Offset tree planting would not form hollows for black cockatoos for 100-200 years and Main 
Roads has no plans to install any artificial hollows to compensate for this lag.  

Main Roads recognises the lag between offset tree planting and the impacts of the proposal with 
respect to Black Cockatoo breeding hollows. Based on discussions to date with DBCA on the Proposal, 
nesting hollows on the Swan Coastal Plain are not believed to be a constraint for Black Cockatoo 
breeding. Main Roads will continue to consult with DBCA and is open to the use of artificial hollows 
should it be determined that the loss of breeding habitat is likely to have a significant residual impact 
on the breeding of Black Cockatoos in the area.  

 

No. Submission and/or issue 

12 While is it stated (based on the mapping of Shedley and Williams in 2014) there is 
approximately 6,147 ha of WRP habitat adjacent to the proposal area (p.128, (BORR IPT, 
2020e), no mention is also made of the quality of that habitat, or how much of it is privately 
owned farmlands, or residential. Additionally, that mapping was completed six years ago and 
the habitat may have changed substantially in that time. 

Shedley and Williams (2014) mapping is a landscape level analysis that provides a reasonable proxy for 
local characterisation of habitat suitable for WRP.  

The mapping of Shedley and Williams (2014) does capture the quality of habitat, but not the 
ownership of lands. Using the revised reduced quantum of impact to WRP habitat of 60.9 ha, as 
descried in the Section 43a request submitted on 9 August 2021, based on the habitat assessment 
Shedley and Williams (2014), the majority of vegetation (52 %, 31.9 ha) in the Proposal Area has been 
classified as ‘Medium’ quality. The remaining areas are mapped as a combination of ‘High’ (11.5 %, 
7.0 ha), Low (< 1 %%, 0.3 ha) or the habitat quality was not assessed (35.5 %%, 21.6 ha). No areas 
were mapped as ‘Very High’ quality. 

In the context of State Policy, the Recovery Plan notes that on the Swan Coastal Plain critical habitat 
includes areas of mature unburnt Peppermint woodlands with high canopy continuity, high nutrient 
foliage and connectivity with other patches (DPaW, 2017). While peppermint is a component of 
vegetation identified in the proposal area, no Peppermint woodlands have been mapped within the 
Proposal Area.  

Given the critically endangered status of WRP, supporting habitat is still important and within this 
context the mapping of habitat quality at a regional scale by Shedley and Williams and within the 
context of the Proposal Area and adjacent areas mapped by Biota also provide important context, as is 
fully described in Section 4.4.5 (Receiving Environment) and 4.4.6 (Potential Impacts) of the Updated 
Referral Supporting Document.  

As noted in Response to Submission No.10, Shedley and Williams conservatively does not include 
smaller areas of WRP habitat. The more specific survey by Biota of suitable habitat within the Survey 
Area (inclusive of the Proposal Footprint and additional areas) provides a more accurate and up to 
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date assessment of habitat within the Proposal and its immediate vicinity. Accordingly, the recent 
more specific habitat survey information is used to calculate impacts. The Shedley and Williams (2014) 
landscape level analysis is used as a suitable proxy for remaining landscape level habitat within the 
local area and immediate region of the proposal. As such both numbers are conservative estimates. 

 

No. Submission and/or issue 

13 The submitter asks if the fauna bridges are to go ahead, who will have the task and the 
commitment to monitoring the bridges?  

The responsibility of monitoring, maintaining and managing structures will be with Main Roads.  

 

No. Submission and/or issue 

14 SWEC (and other submitters) contest the Proponent’s number of WRP inside the proposal 
area is underestimated and that a minimum of 100 WRP is a more reasonable estimate. See 
pages 26-27 of SWEC submission. 

The population range estimates for WRP are based on a year’s worth of bimonthly surveys within the 
proposal footprint and surrounding areas to understand the annual variation in the WRP population 
and inform a highly rigorous analysis of habitat utilisation within the Proposal footprint. Main Roads 
has contracted with Biota to extend this work through to the start of clearing to ensure that annual 
variations and habitat use continue to be monitored in habitats within the proposal footprint and the 
surrounding areas in the lead up to the anticipated start of clearing. 

Regardless of the peak number of WRP present in the corridor, as noted in EPAS comment No.3, WRP 
numbers in the late spring and winter after natural mortality in the young of year population is a 
better representation of the natural capacity of the environment.  

 

No. Submission and/or issue 

15 The proponent states that the proposal will affect a small number of endangered and critically 
endangered individuals, however no cumulative impact assessment has been undertaken for 
the multiple proposals in similar habitat areas. 

The assessment of impacts for the BORR Southern Section is considered cumulatively with regard to 
the potential impacts of the BORR Northern and Central Section, the only other identified reasonably 
foreseeable action within the Proposal Area. An assessment of direct and potential indirect impacts, as 
well as cumulative impacts for both proposals, is presented in the Updated Referral Document under 
the “Assessment of Impacts” Section of each relevant Environmental Factor. 

Respective to the ongoing development of land within the Bunbury region, approval and assessment is 
encompassed under the Greater Bunbury Regional Scheme (GBRS) and subsequent amendments 
which previously considered the cumulative context of BORR within the landscape. The GBRS provides 
the legal basis for land use planning within the Greater Bunbury area. The GBRS defines the future use 
of land and requires local government to provide detailed plans consistent with the GBRS local 
planning schemes. The GBRS has been in operation since November 2007 (WAPC, 2017) and 
encompasses the planning approval for the BORR alignment.  
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No. Submission and/or issue 

16 The submitters raise concerns that the clearing of habitat, both breeding and foraging for the 
Western Ringtail Possum and black cockatoos is contrary to the advice given in the recovery 
plans. 

Provide justification of how the proposal is not at variance with the recovery plans for these 
species.  

Within the Commonwealth Assessment for the BORR Southern Section Proposal, consistency with 
recovery plans for WRP and Black Cockatoo species are addressed in Table 10-2 of Southern Section 
Additional Information for Preliminary Documentation – EPBC Ref: 2019/8543 (BORR IPT, 2020a), 
provided here as Table 7.  
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Table 7 Table 10-2 Relevant Recovery Plans, Threat Abatement Plans and Conservation Advice for Matters of National Signficance (MNES) (Reprinted from 
EPBC Ref: 2019/8543 documentation) 

EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

Black Cockatoos WA Department of Parks and Wildlife (DPaW) (2013), ‘Carnaby's Cockatoo (Calyptorhynchus latirostris) Recovery Plan’  

1 Loss of breeding habitat The Proposal may exacerbate this threat, however the Proposal is designed to maximise use of existing 
disturbed areas to minimise the loss of breeding habitat. 

Up to an estimated 60.9 ha of native vegetation will be removed for the Proposal which has been assessed 
as potential Black Cockatoo breeding habitat. 

A total of up to1,088 Black Cockatoo Suitable DBH Trees will be removed for the Proposal including 11 
trees with a potentially suitable nest hollow(s). No known nesting trees are present within the Proposal 
Area. 

2 Loss of non-breeding, 
foraging and night roosting 
habitat 

The Proposal may exacerbate this threat; however the Proposal is designed to maximise the use of existing 
disturbed areas to minimise the loss of habitat. 

3 Tree health The Proposal is not expected to exacerbate this threat. 

Dieback mapping will be updated as part of project planning especially in regards to ascertaining areas 
that can be effectively protected from dieback infestation. 

A Hygiene Management Plan will be implemented for construction of the Proposal as per the CEMP to 
minimise risk of the impact of disease. 

4 Illegal shooting The Proposal will not exacerbate this threat. 

No firearms will be permitted on site as per the CEMP. 

5 Illegal taking The Proposal will not exacerbate this threat. 

Only qualified fauna handlers will relocate fauna as per the Conservation Significant Fauna AMP (BORR 
IPT, 2020a). 
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

6 Collisions with motor 
vehicles 

The Proposal may exacerbate this threat; mitigation options will be considered as part of detailed design. 

Department of the Environment, Water, Heritage and the Arts (DEWHA) (2009a), ‘Approved Conservation Advice for Calyptorhynchus 
banksii naso (Forest Red-tailed Black Cockatoo)’  

1 Illegal shooting The Proposal will not exacerbate this threat. 

No firearms will be permitted on site as per the Construction Environmental Management Plan (CEMP). 

2 Habitat loss The Proposal may exacerbate this threat, however the Proposal is designed to maximise the use of existing 
disturbed areas to minimise the loss of habitat. 

Up to an estimated 60.9 ha of native vegetation that has been assessed as potential Black Cockatoo 
(breeding and foraging) habitat will be removed for the Proposal. 

3 Nest hollow shortage The Proposal may exacerbate this threat however, the Proposal is designed to maximise use of existing 
disturbed areas to minimise the loss of breeding habitat. 

An estimated maximum of approximately 60.9 ha of native vegetation that has been assessed as potential 
Black Cockatoo breeding habitat will be removed for the Proposal. 

A total of up to 1,088 Black Cockatoo Suitable DBH Trees will be removed for the Proposal including 11 
trees with a potentially suitable nest hollow(s). No known nesting trees are present within the Proposal 
Area.  

4 Competition from other 
species 

The Proposal is unlikely to exacerbate this threat. 

Various other bird species (e.g. other Black Cockatoo species, Galahs and Wood Ducks) and other fauna 
(WRP and South-western Brush-tailed Phascogales) that may compete for hollows with the Black 
Cockatoos are known to occur within the Proposal Area.  
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

5 Injury or death from Apis 
mellifera (European 
Honeybees) 

The Proposal is unlikely to exacerbate this threat. 

The Proposal will result in the clearing of 11 Trees with a potentially Suitable Nest Hollow for Black 
Cockatoos. A general reduction in the amount of tree hollows may increase competition between fauna 
using the hollows and the European Honeybee. There are no plans to control European Honeybee 
populations. 

Department of Environment and Conservation (DEC) (2008), ‘Forest Black Cockatoo (Baudin’s Cockatoo Calyptorhynchus Baudinii and Forest 
Red-Tailed Black Cockatoo Calyptorhynchus Banksii Naso) Recovery Plan’ 

1 Killing by illegal shooting The Proposal will not exacerbate this threat. 

No firearms will be permitted on site as per the CEMP. 

2 Feral honeybees The Proposal is unlikely to exacerbate this threat. 

The Proposal will result in clearing 11 Trees a potentially Suitable Nest Hollow(s) for Black Cockatoos. A 
general reduction in the amount of tree hollows may increase competition between fauna using the 
hollows and feral honeybees. There are no plans to control feral honeybee populations. 

3 Habitat loss The Proposal may exacerbate this threat, however the Proposal is designed to maximise the use of existing 
disturbed areas to minimise the loss of habitat. 

Up to an estimated 60.9 ha of native vegetation that has been assessed as potential Black Cockatoo 
(breeding and foraging) habitat will be removed for the Proposal. 

4 Nest hollow shortage The Proposal may exacerbate this threat however, the Proposal is designed to maximise use of existing 
disturbed areas to minimise the loss of breeding habitat. 

Up to an estimated 60.9 ha of native vegetation that has been assessed as potential Black Cockatoo 
(breeding and foraging) habitat will be removed for the Proposal. 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 75 

EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

A total of up to 1,088 Black Cockatoo Suitable DBH Trees will be removed for the Proposal including 11 
trees with a potentially suitable nest hollow(s). No known nesting trees are present within the Proposal 
Area.  

5 Nest hollow competition The Proposal is unlikely to exacerbate this threat. 

The Proposal will result in clearing of up to 11 Trees a potentially Suitable Nest Hollow(s) for Black 
Cockatoo. A general reduction in the amount of tree hollows may increase competition between fauna 
and other species using hollows. 

TSSC (2018b), ‘Conservation Advice Calyptorhynchus baudinii Baudin's Cockatoo’ 

1 Destruction of nesting and 
foraging trees from fire 
events 

The Proposal is not expected to exacerbate this threat. 

The threat of bushfires will be managed as per the CEMP. 

2 Loss of hollows from 
European honey bees (Apis 
mellifera) 

The Proposal is unlikely to exacerbate this threat. 

The Proposal will result in clearing of up to 11 Trees a potentially Suitable Nest Hollow(s) for Black 
Cockatoo. A general reduction in the amount of tree hollows may increase competition between fauna 
using the hollows and the European Honeybee. There are no plans to control European Honeybee 
populations. 

3 Nest hollow shortage due to 
competition with native bird 
species 

The Proposal may exacerbate this threat, however the Proposal is designed to maximise use of existing 
disturbed areas to minimise the loss of breeding habitat. 

Various other bird species (e.g. other Black Cockatoo species, Galahs and Wood Ducks) and other fauna 
(WRP and South-western Brush-tailed Phascogales) that may compete for hollows with Baudin’s 
Cockatoo are known to occur within the Proposal Area; the general reduction in available hollows may 
increase competition between bird species. 

4 Illegal shooting The Proposal will not exacerbate this threat. 

No firearms will be permitted on site as per the CEMP. 
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

5 Phytopathogens (Dieback) The Proposal is not expected to exacerbate this threat. 

Dieback mapping will be updated as part of detailed project planning especially in regards to ascertaining 
areas that can be effectively protected from dieback infestation. 

A Hygiene Management Plan will be implemented for construction of the Proposal as per the CEMP to 
minimise risk of the impact of disease. 

Western Ringtail 
Possum 

DPaW (2017), ‘Western Ringtail Possum (Pseudocheirus occidentalis) Recovery Plan. Wildlife Management Program No. 58’  

1 Habitat loss and 
fragmentation 

The Proposal may exacerbate this threat. 

Clearing of up to an estimated 60.9 ha of potential habitat and impact to the home ranges (to varying 
degrees) of up to 49 to 72 individuals estimated to utilise this habitat (up to 0.50 % to 0.74 % of the 
estimated regional population) could result in a minor residual impact associated with the Proposal. 

2 Timber harvesting The Proposal is not expected to exacerbate this threat. 

Timber harvesting will not be undertaken other than to recover the timber within the clearing area. 

3 Fire The Proposal is not expected to exacerbate this threat. 

There is considered to be a low risk of accidental fire as a result of construction activities. 

Clearing activities are a potential risk of fire generation. To minimise the risk of fire, clearing activities will 
not be undertaken when the Fire Danger Rating is severe or higher. 

The CEMP will include an emergency management plan. 

4 Competition for tree hollows The Proposal may exacerbate this threat due to clearing of suitable WRP habitat thereby potentially 
increasing competition for tree hollows within habitat immediately surrounding the Proposal Area. 
Monitoring of WRP abundance in habitat immediately adjacent to the Proposal Area will be conducted 
with data compared against that of reference areas to determine any such impacts.  

5 Habitat tree decline The Proposal is not expected to exacerbate this threat. 
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

Dieback mapping will be updated as part of project planning especially in regards to ascertaining areas 
that can be effectively protected from dieback infestation. 

A Hygiene Management Plan will be implemented for construction of the Proposal as per the CEMP to 
minimise risk of the impact of disease. 

6 Unregulated relocation of 
orphaned, injured and 
rehabilitated Western 
Ringtail Possums 

The Proposal will not exacerbate this threat. 

A Conservation Significant Fauna EMP has been prepared for the Proposal. 

An appropriately qualified fauna handler will be on site during clearing of Western Ringtail Possum 
habitat. 

7 Disease The Proposal is not expected to exacerbate this threat. 

Dieback mapping will be updated as part of project planning especially in regards to identifying areas that 
can be effectively protected from dieback infestation. 

A Hygiene Management Plan will be implemented for construction of the Proposal as per the CEMP to 
minimise risk of impact of the disease. 

8 Gaps in knowledge The Proposal will not exacerbate this threat, but rather has minimised this threat. Numerous studies and 
investigations have been conducted for the Proposal for the purpose of addressing knowledge gaps and 
more will be undertaken as part of detailed design. 

Threatened Species Scientific Committee (TSSC) (2018a), ‘Conservation Advice Pseudocheirus occidentalis Western Ringtail Possum’  

1 Groundwater depletion and 
altered hydrology 

The Proposal is not expected to exacerbate this threat. 

A Drainage Strategy has been developed with the main objectives of maintaining the water cycle balance 
within the Proposal Area whilst also improving surface and groundwater quality. Drainage design will be 
undertaken during detailed design to ensure pre-development flows are maintained within the Proposal 
Area. 
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

2 Land clearing and habitat 
fragmentation caused by 
urbanisation 

The Proposal may exacerbate this threat. 

Clearing of up to an estimated 60.9ha potential habitat for an estimated 49 to 72 WRP individuals (up to 
0.50 % to 0.74 % of the estimated regional population) could result in a minor residual impact associated 
with the Proposal. 

3 Fire The Proposal is not expected to exacerbate this threat. 

There is considered to be a low risk of accidental fire as a result of construction activities. 

Clearing activities are a potential risk for fire generation. To minimise the risk of fire, clearing activities will 
not be undertaken when the Fire Danger Rating is severe or higher. The CEMP will include an emergency 
management plan. 

4 Tree decline and insect 
outbreaks 

The Proposal is not expected to exacerbate this threat. 

Dieback mapping will be updated as part of project planning especially in regards to identifying areas that 
can be effectively protected from dieback infestation. 

A Hygiene Management Plan will be implemented for construction of the Proposal to minimise risk of 
impact of the disease. 

5 Competition for tree hollows The Proposal may exacerbate this threat due to clearing of suitable WRP habitat thereby potentially 
increasing competition for tree hollows within habitat immediately surrounding the Proposal Area. 
Monitoring of WRP abundance in habitat immediately adjacent to the Proposal Area will be conducted 
with data compared against that of reference areas to determine any such impacts.  

6 Logging The Proposal will not exacerbate this threat. 

Timber harvesting will not be undertaken other than to recover timber within clearing area. 

7 Myrtle rust The Proposal is not expected to exacerbate this threat. 

A Hygiene Management Plan will be implemented for construction of the Proposal to minimise risk of the 
impact of disease. 
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EPBC ACT LISTED PLAN/ CONSERVATION ADVICE 
AND THREATS 

RESPONSE 

8 Injury and mortality due to 
vehicle strike 

The Proposal may exacerbate this threat; mitigation options will be considered as part of detailed design. 

9 Unregulated relocation of 
orphaned, injured and 
rehabilitated Western 
Ringtail Possums 

The Proposal will not exacerbate this threat. 

Fauna relocation will be considered for conservation significant terrestrial fauna species, including 
trapping of WRPs. A Fauna Management Plan will be developed. 

An appropriately qualified fauna handler will be on site during clearing of WRP habitat. 

 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 80 

No. Submission and/or issue 

17 The implementation of the BORR Southern proposal would cause the WRP Recovery Plan to 
fail against its criteria for failure, particularly the first three points. See page 27 of the FOG 
submission. 

The failure criteria for the WRP Recovery Plan are addressed in Table 8. Main Roads has considered 
recovery plan criteria for all species, as outlined in response to Public Submission No.16.  

 

Table 8 Failure criteria for WRP Recovery Plan 

Failure Criteria BORR Southern Section Proposal considerations 

there is loss of habitat that 
results in localised extinction 
or contraction of western 
ringtail possums in any of the 
key management zones;  

Key to the first two criteria are if actions results in localised 
extinction or contraction. Main Roads has determined the 
Proposal will result in habitat loss (60.9 ha) and 
fragmentation and potentially increase competition for tree 
hollows (by reducing their availability). These have the 
potential to inhibit the recovery of the species at a local scale. 
Main Roads has accordingly identified management 
measures that minimise impacts on WRP and with the 
passive relocation approach intend to allow possums to move 
into adjacent habitats which have a high probability to 
already form part of the WRP individuals home range, 
reducing local impacts on the population.  

The clearing of WRP habitat and impact to the home ranges 
(to varying degrees) of approximately 49 to 72 individuals 
estimated to utilise this habitat (approximately 1 % of the 
regional population) is considered unlikely to result in a 
significant residual impact on the species associated with the 
Proposal. Given the uncertainty and potential for residual 
impacts to WRP, Main Roads will provide an appropriate 
offset for residual impacts on habitat supporting WRP. 

threatening processes result in 
localised extinction or 
contraction of western ringtail 
possums in any of the key 
management zones;  

an evidence-based 
management approach is not 
applied to populations in any 
of the key management zones;  

The assessment of impacts is based on detailed survey 
information for WRP consistent with EPA and Commonwealth 
guidance and the applicable assessment guidance under the 
WA EP Act and the Commonwealth EPBC Act. 

displaced and rehabilitated 
western ringtail possums do 
not contribute to the recovery 
of the species; or  

The timing of passive relocation is also anticipated to ensure 
that WRP are relocating into adjacent habitat during the late 
spring and early winter when WRP densities in adjacent 
habitat are lower and the receiving environment is capable to 
support increases in WRP densities. 

there is no increased 
community support for 
western ringtail possum 
conservation. 

The BORR Southern Section Proposal would have no 
appreciable impact on Community support for WRP 
conservation. 
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No. Submission and/or issue 

18 The ARI Document does not discuss the potential for proposal impacts to the South-West 
Snake-Necked Turtle (listed as near threatened IUCN list) and the Five Mile Brook from 
changes in groundwater level and to hydrological regimes, construction of bridges and water 
contamination.  

While the South-West Snake-Necked Turtle is listed as near threatened, the status has not 
been assessed in 20 years and the most recent survey of 35 urban wetlands revealed 
alarmingly low populations. See pages 18-19 of CCWA submission and page 31 of FOG 
submission. 

The south-western snake-necked turtle is not listed by the State or Commonwealth and thus was not 
assessed in detail as part of the Proposal. 

As discussed in Appendix O (Aquatic Fauna Survey, (WRM, 2019)), the south-western snake-necked 
turtle, Chelodina colliei, was surveyed for and observed within the investigation area from the South 1 
site. The south-western snake necked turtle was recorded from South 1 as a single individual in 2019 
and multiple individuals in the 2018 survey, including mature males and females as well as juveniles 
(WRM, 2019).  

The South 1 site is within a Multiple Use wetland that intersects the proposal area at the northern 
extent of the BORR Southern Section (South 1 is shown in Figure 1 of Appendix O, Targeted 
Conservation Significant Aquatic Fauna Survey). The Multiple Use wetland would be impacted in part 
by the proposal but will retain hydrologic connectivity by the planned installation of culverts at the 
road crossing site. As the South 1 site is at the boundary of the Proposal and the south-western snake-
necked turtle was not observed at Southern 3 in the area directly impacted by the proposal, potential 
impacts would be indirect and not considered significant with the retention of hydrology across the 
BORR Southern Section corridor.  

 

No. Submission and/or issue 

19 Mitigation measures proposed are not technically or practically feasible. The Proponent has 
suggested that a measure it will use to “avoid” impacts is to “avoid the clearing of fauna 
habitat during the detailed design phase”. This defers mitigation actions until a later time 
(when the action will not be assessed by the EPA) while claiming that this is an ‘avoidance’ 
measure for the purposes of the mitigation hierarchy. This cannot be said to be either 
technically or practically feasible. See CCWA submission. 

The assessment of the proposal conservatively assumes the impacts associated with the design at the 
current time and counts no benefit from future reductions in the footprint during detailed design. 
However, management commitments to continue to look for avoidance opportunities even after 
approval are meaningful commitments, common practice and reflect an ongoing process by which 
Main Roads continues to follow the mitigation hierarchy and seek to avoid impacts through the final 
design.  

Since the publication of the Updated Referral Document, Main Roads has further refined the design of 
the footprint to reduce impacts to WRP and Black Cockatoo habitat by 4.5 ha, from an estimated 65.4 
ha to 60.9 ha. 
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No. Submission and/or issue 

20 Page 4 of the AMP states that a separate environmental management plan (EMP) has been 
prepared for black cockatoos. The proponent should provide this EMP so that people know 
how they will manage the impacts to black cockatoos.  

The Black Cockatoo AMP has been submitted to the Commonwealth for assessment under EPBC Ref: 
2019/8543 and is available on Main Roads Website at 
https://www.mainroads.wa.gov.au/globalassets/projects-initiatives/projects/regional/bunbury-outer-
ring-road/environment-and-community/appendix-l-black-cockatoo-action-management-plan.pdf 

The AMP was available throughout the EPBC Public Review process (14 November 2020- 18 December 
2020), which ran in part concurrently to the EPA Review process (19 October 2020- 14 December 
2020). 

 

No. Submission and/or issue 

21 The “bumping of trees with machinery”, bumping a 300 year old jarrah tree without pushing 
it over (even with a loader) is unlikely to move the WRP inside, and if that does not work, the 
tree will still be felled with the WRP still inside the tree. The assumption that there will be 
zero fatalities of Western Ringtail Possums as a result of construction and use of the GBRS 
Alignment is unlikely. See page 27 of FOG submission. 

Refer to the response to EPAS comment No.22 for the full response to this comment. 

The “gentle bumping” and “soft felling” of trees with respect to WRP is part of a larger process within 
which other management actions to minimise the presence of WRP at the time clearing commences 
are anticipated to be the primary mechanism to ensure WRP are not harmed and is a standard 
clearing technique approved previously by both DBCA and DWER. All protocols being undertaken are 
consistent with the DBCA management procedure Procedures to Minimise the Risk to Western 
Ringtail Possums During Vegetation Clearing and Building Demolition (DPaW, 2015) included in 
Appendix C.  

WRP habitat clearing protocols have been developed based on WRP site surveys and observations, 
and the potential for WRP use. Habitat clearing categories within the Proposal Area have been 
developed in consultation with WRP experts and the results of recent targeted WRP surveys within the 
Proposal Area completed to date. 

Direct actions within habitat or vegetation with WRP or other threatened fauna individuals present 
inclusive of “gentle bumping” and “soft felling” of trees are a last resort action after other means of 
allowing for passive relocation have failed. The combination of the preclusion of refuge site use prior 
to clearing (where possible), pre-clearance surveys, staged clearing and implementation of sensitive 
clearing protocols will substantially reduce the likelihood of any WRP remaining within trees to be 
felled. To ensure the best outcome in regard to animal welfare, Main Roads intends to avoid handling 
any fauna during construction. The proposal to gently bump any trees still housing WRP after 48 hours 
is considered the best option to allow animals to self-relocate and avoid injury to WRP. 

  

https://www.mainroads.wa.gov.au/globalassets/projects-initiatives/projects/regional/bunbury-outer-ring-road/environment-and-community/appendix-l-black-cockatoo-action-management-plan.pdf
https://www.mainroads.wa.gov.au/globalassets/projects-initiatives/projects/regional/bunbury-outer-ring-road/environment-and-community/appendix-l-black-cockatoo-action-management-plan.pdf
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No. Submission and/or issue 

22 There is no scientific evidence or proof that the Fauna AMP (BORR IPT, 2020e) self-relocation 
approach to WRP management will work. See pages 27-28 of FOG submission. 

WRP self-relocation is a standard technique approved previously by both DBCA and DWER. All 
protocols being undertaken are consistent with the DBCA management procedure Procedures to 
Minimise the Risk to Western Ringtail Possums During Vegetation Clearing and Building Demolition 
(DPaW, 2015) included in Appendix C.  

It is considered that self-relocation will provide WRPs with the best opportunity to minimize impacts 
on individuals by allowing them to remain in a familiar area.  

 

No. Submission and/or issue 

23 Previous studies show translocation largely unsuccessful, due to predation and lower habitat 
quality/lower nutrient intake. In MRWA’s ‘self-relocation’ actions, no mention is made of 
predator control actions, especially of foxes. This indicates the risks from feral animals on 
‘self-relocated’ individuals could be similar to failed translocation projects.  

As discussed in EPA comment No.13, given the use of passive relocation efforts, Main Roads 
anticipates that a WRP that moves into adjacent areas of its existing home range would be less likely 
to be exposed to risks associated with predation. The linear clearing corridor provides for good 
dispersal options for WRP into adjacent habitat, and it is likely that dispersing individuals are already 
familiar with these adjacent habitat areas as part of their current home range. It is anticipated that 
WRP individuals will readily relocate into other areas of their home ranges avoiding the risk of 
predation often associated with fauna translocations. Accordingly, Main Road asserts that potential 
risks associated with predation during construction will be minimised. 

Main Roads will use of artificial dreys and watering points in adjacent habitat as noted in the Fauna 
AMP (BORR IPT, 2020). Temporary dreys, watering points, and other protective natural structures such 
as felled trees (a minimum of two per hectare) will be installed and maintained in potential WRP / BTP 
habitat for at least six weeks prior to clearing commencing. 

 

No. Submission and/or issue 

24 WRP will be shepherded into peri-urban area where there will be increased risk of predation 
from domestic dogs and cats. This is not addressed.  

Submitters have asked what measures will MRWA have in place to reduce risks to WRP from 
dog attack and feral predation in general, during the daytime clearing operations when 
possums will be forced onto the ground and subsequently while they try and find new 
homes?  

WRP habitat both within and adjacent to the Proposal Area occurs within an existing peri-urban 
context. Many segments of the BORR Southern Section corridor, especially within the Gelorup 
community, are already in close proximity to residences and cleared areas supporting feral and 
domesticated predators of WRP. 

Main Roads will implement management measures as described in above in response to Public 
Submission No.23 to reduce risks to WRP from predation.  
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No. Submission and/or issue 

25 The proponent has not addressed interspecies competition, specifically with the larger, more 
aggressive Brush tailed possums who compete for the same resources and are resident in the 
habitat before the WRP are located there.  

Please address this comment and provide more detail on the potential pressures on self-
relocated individuals from habitat competition with other species.  

In the context of the Proposal Area, Common Brushtail Possum (CBP) numbers are lower than those of 
the WRP by approximately one-third, as observed in Biota’s bimonthly surveys over the course of 2020 
(as shown in Table 9). While brushtail possums could present competition for WRP and are known to 
do so in areas where CBP numbers are higher than WRP, in the context of the proposal area, the risk 
of interspecies competition for WRP is low given the species comparative dominance in the proposal 
area and adjacent habitats. 

 

Table 9 Common Brushtail Possum and Western Ringtail Possum in the Proposal Area during 2020. 

Survey Timing 
(2020) 

Common Brushtail Possum 
Trichosurus vulpecula 

Western Ringtail Possum 
Pseudocheirus occidentalis Ratio WRP:CBP 

Feb 30 88 2.9:1 

Apr 31 94 3.0:1 

Jun 29 103 3.6:1 

Aug 36 105 2.9:1 

Oct 43 115 2.7:1 

Dec 33 117 3.5:1 

 202 622 3.1:1 

 

No. Submission and/or issue 

26 The design of the possum bridges for WRP is more akin to the unsuccessful possum bridge 
installed at BORR Central (88m) compared to the successful bridge at Caves Road (26.5m). 
Fauna-bridges will be significantly longer for BORR Southern compared to Caves Roads as they 
need to traverse a 4-lane highway and a dual-lane pedestrian path on either side that is loud 
and well-lite, and in some areas crossing over noise walls too. The bridges are therefore likely 
to be unsuccessful. See page 27 of FOG submission. 

Further information required about what the environmental implications would be if the 
fauna bridges do not succeed and the WRP populations remain permanently fragmented.  

The design of the proposed bridges for the BORR Southern section are different to the existing BORR 
Central rope bridge structure (Shown in Figure 16 of the Updated Referral Document). The planned 
BORR rope bridge structures will also be constructed to include refuges for fauna to encourage use. 
WRP movement is not deterred by artificial light in the urban and peri-urban environment (i.e. 
Bunbury, Busselton). The alternative option of fauna land bridges and rope bridge underpasses is 
intended to improve possum usage.  
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No. Submission and/or issue 

27 Submitters have asked why the Reserve 23000 is not proposed to be fenced to prevent 
vehicle strike to fauna? 

As addressed under EPAS comment No.15, Main Roads will amend the WRP management to include 
WRP exclusion fencing along a section of Bussell Hwy abutting Reserve 23000 in the vicinity of the 
proposed movement structures. 

 

No. Submission and/or issue 

28 Vertebrate terrestrial fauna surveys are inconsistent with EPA Guidance.  

Table 4-59 the Proponent’s discussion of predicted residual impacts to fauna fails to make any 
connection to the ecological traits, attributes and vulnerabilities of this species. 

The Proponent has not adequately disclosed limitations relating to the data collected from 
WRP. Surveys must consider seasonality and timing of peak fauna activity by region. WRP 
breed year-round with breeding peaks in April to July and September to November (Jones et 
al. 1994b). They have a gestation period of about two to four weeks and a pouch life of about 
three months. Young are weaned at six to eight months and disperse at eight to 12 months 
(How 1978, Ellis and Jones 1992, Jones et al. 1994b, Wayne et al. 2005b, Wayne et al. 2005c). 
For EIA, a detailed survey should therefore include at least two complementary survey 
phases. See CCWA submission. 

The survey program for WRP is consistent with and exceeds the requirements of EPA Guidance for 
WRP survey per Sampling Methods for Terrestrial Vertebrate Fauna (EPA, 2016a) Terrestrial Fauna 
Surveys (EPA, 2016a). 

Areas of potential WRP habitat were identified through desktop review, aerial imagery and surveys in 
the area during Biota (2020c) survey. The surveys were completed as far as practicable in accordance 
with relevant State and Commonwealth policy, and to a standard that would provide adequate 
information to assess the proposal against principles and environmental aims relating to the WRP. This 
included the Significant impact guidelines for the vulnerable WRP (Pseudocheirus occidentalis) in the 
southern Swan Coastal Plain, Western Australia (DoE, 2013). 

Field surveys comprised bi-monthly strip-sampling. The strip-sampling exercise has been undertaken 
on seven occasions (August, October and December 2019, and February, April, June and August 2020) 
to examine temporal variation in abundance throughout the Proposal Area (Biota, 2020a). The bi-
monthly sampling continued until December 2020, effectively capturing seasonality and timing of peak 
fauna activity within six complimentary survey phases both in and adjacent to the Proposal Area. Strip 
sampling in February 2020 was inherently about addressing a complete understanding the natural 
peaks and troughs in the population over the course of the year to inform management protocols and 
thus does not represent a limitation on the survey. 

The aim of the surveys was to assess, as far as practicable, evidence of WRP and suitable habitat. The 
strip-sampling approach was applied to the entirety of the Proposal Area except for some areas not 
able to be accessed (e.g. private properties). This near comprehensive sampling technique affords a 
high level of confidence in abundance estimates, although it likely represents a slight underestimate of 
the total number of individuals due to both a small number of possibly undetected individuals and the 
effect of access restrictions.  
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A total strip-sampling transect length of 49.04 km was applied to the 75.39 ha of predominantly native 
vegetation within the Proposal Area (excluding areas unable to be accessed). In some areas transects 
extended beyond the Proposal Area.  

The bi-monthly strip-sampling is in addition to prior targeted field surveys for WRP conducted in five 
phases over the course of spring and summer 2018 to winter 2019 and focused regional surveys from 
August 2018 through to August 2019 to characterize the regional WRP population, informing key data 
gaps identified in the WRP Recovery Plan (DPaW, 2017) and the assessment of the proposal. 

 

No. Submission and/or issue 

29 It is assumed that mobile fauna will disperse in front of clearing activities – there is no 
scientific evidence that this will happen. It is highly likely that there will be a mortality rate. 
See page 31 of FOG submission. 

As discussed in EPAS comment No.13, given the use of passive relocation efforts, Main Roads 
anticipates that WRPs moving into adjacent areas of the species’ existing home range will be less 
stressful than physically relocating them to other areas. The linear clearing corridor for the Proposal 
provides for good dispersal options for WRP into adjacent habitat, and it is likely that dispersing 
individuals are already familiar with these adjacent habitat areas as part of their home range. It is 
anticipated that WRP individuals will readily relocate into other areas of their home ranges where the 
risk of predation often associated with translocation efforts would not be a risk. Accordingly, Main 
Road asserts that potential risks associated with passive relocation during construction will be minor. 

 

No. Submission and/or issue 

30 The Proponent repeatedly claims that the proposal will impact the home ranges of individual 
WRP’s “to varying degrees” (BORR, page 197), implying that certain impacts will be less 
significant, however does not provide any evidence to directly support this. See CCWA 
submission. 

As discussed in EPAS comment No.1, and as detailed in the assessment, home range sizes and possum 
density vary with the quality and productivity of the habitat. Home ranges are generally less than 5.0 
ha, and those within peppermint dominated habitat are generally less than 2.0 ha and average 0.4 ha 
and 0.3 ha for females and males respectively (DPaW, 2017). The Proposal Area is a relatively long and 
narrow road corridor, generally between approximately 70 m to 180 m in width and 10.5 km in length. 
Given that home ranges are likely variable in width and breadth across the landscape and that the 
clearing corridor is narrow and linear across the landscape supports the expectation that the majority 
of WRP home ranges extend beyond the Proposal Area and home ranges are not wholly confined to 
the Proposal Area.  

Biota has been engaged by Main Roads to undertake survey work to track WRP within home ranges 
and better inform the management approach for the Proposal. Tracking of WRP to date suggests that 
some WRP home ranges (as few as 1 in 10) may be wholly within Proposal Area under existing 
conditions (Roy Teale, Pers Comm). Preliminary findings suggest female WRP are less likely to go to 
ground in areas where breaks in canopy cover occur (Roy Teale, Pers Comm). Management in these 
areas may include rope installations or other measures to manage breaks in cover and facilitate 
passive WRP relocation to outside of the Proposal Area.  

As discussed in EPA comment No.13, given the use of passive relocation efforts, Main Roads 
anticipates that WRP will successfully move into adjacent areas of the species existing home range. 
The linear clearing corridor for the Proposal provides for good dispersal options for WRP into adjacent 
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habitat, and it is likely that dispersing individuals are already familiar with these adjacent habitat areas 
as part of their home range. 

 

No. Submission and/or issue 

31 Biota’s broad-brush population estimate (well above 20,000) is rough, simplistic and 
unreliable. [..] Biota has failed to adequately disclose the limitations and variability in their 
survey methods in providing a total sum estimate (Biota 2020, page 72). Biota has also failed 
to provide appropriate comparison to other relevant surveys and methodologies. See CCWA 
submission.  

The population estimate derived from Biota’s Regional Surveys (Biota, 2020d) is based on the survey 
of 114,243 ha using 1,249 transects equating to a total effort of 1,287.2 km of transect. Across these 
transects 2,939 detections of 3,677 individual WRP were made. Survey effort was divided amongst the 
three WRP key management zones: SCP, Southern Forest and South Coast. 

Of the three key management zones, the surveyed area of the SCP management zone yielded the 
greatest estimated abundance of WRP at 9,270 individuals, the Southern Forest management zone 
yielded an estimate of 7,500 individuals and the South Coast management zone yielded an estimate of 
3,340, WRP. These three regional population estimates indicate a combined number in excess of 
20,000 individual WRP in the surveyed area, far exceeding that for the entire State as documented in 
the IUCN assessment (estimated at 3,400 mature individuals). 

The methods and results of the Regional Surveys provide a useful framework for two major 
applications; to determine the potential impact of development projects upon local Western Ringtail 
Possum populations, and to understand the wider trends in population abundance and distribution 
(i.e. conservation status) of WRP with these data providing a robust 2019 baseline.  

By successfully applying a unified survey method (line transect distance sampling) across a variety of 
geographic settings and vegetation types in each of the primary WRP Management Zones, the 
Regional Surveys also address the key Threatening Process identified in the WRP Recovery Plan 
(DPaW, 2017) “Gaps In Knowledge”. Similarly addressed are several of the WRP Recovery Plan 
Objectives. The Regional Surveys therefore are a significant contribution to the ongoing conservation 
efforts for the WRP. 

The final report for the WRP Regional Survey (Biota, 2020b) is appended to the response to 
submissions in Appendix B. The rationale for selecting distance sampling as the methodology for the 
survey is discussed in detail in Section 2.3.3 of that report. The findings of the Regional Survey have 
been provided to the WRP Recovery Team, DBCA, DWER, DAWE and EPA. Regulator and Recovery 
Team feedback received to date on the Regional Survey does not align with CCWA’s position.   
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No. Submission and/or issue 

32 Tree hollows are important across the range of the western ringtail possum. Hollow 
abundance has been positively correlated with possum abundance in peppermint/tuart 
(Eucalyptus gomphocephala) associations (Jones and Hillcox 1995) and generally constitutes 
more than 70 per cent of the refuges used by western ringtail possums in the jarrah forest 
(Wayne et al. 2000, Wayne 2005). The removal of 2,350 significant trees (Appendix 3, FOTGC, 
2020) in just a 2.5km corridor of densely wooded Banksia Woodland would be catastrophic to 
the WRP population in that corridor. See page 26 of FOG submission.  

Clearing of up to 65.4 ha of WRP habitat and the disturbance of 53 to 79 WRP individual home ranges 
is recognized in the Updated Referral Document as a potentially significant impact and avoidance of 
clearing the maximum extent practicable has been undertaken during preliminary design and will 
continue further into final design.  

Since the publication of the Updated Referral Document, Main Roads has further refined the design of the 
footprint to reduce the impact to WRP habitat by 4.5 ha (to 60.9 ha), and to 4 to 7 individual home ranges 
(reduced to 49 to 72). 

The assessment of habitat loss does fundamentally consider the loss of trees and suitable habitat 
characteristics of the habitat by not only considering the extent of suitable habitat, but also in 
assessing the capacity of that habitat to support 49 to 72 WRP individual home ranges. The clearing of 
WRP habitat and impact to the home ranges (to varying degrees) of approximately 49 to 72 individuals 
estimated to utilise this habitat (approximately 1 % of the regional population) is considered unlikely 
to result in a significant residual impact associated with the Proposal. 

As noted in response to EPAS comment No.2, shepherding WRP into adjacent habitat areas during 
clearing is considered the optimal approach in regard to WRP welfare. Management provisions 
including timing of clearing operations to occur outside of the population peak wherever possible, will 
ensure that adjacent habitat is capable of sustaining any existing resident individuals as well as 
dispersing individuals.  

 

No. Submission and/or issue 

33 The Proponent has failed to provide sufficient discussion and analysis of the susceptibility of 
the WRP to climate change. See page 14 of CCWA submission. 

No significant impacts associated with the proposal would exacerbate the impact of climate change on 
the local populations of WRP (See Section 4.8 of the Updated Referral Document). Considerations 
relative to climate change and a drying climate are important considerations for long term projects. 
However, the primary direct and indirect impacts of the proposal will occur during construction and 
thus are managed over a shorter time frame of 3-5 years. Accordingly, impacts associated with 
construction will be managed during the construction period and are not anticipated to be materially 
impacted by the long term effects of climate change.  

The potential for seasonal impacts on WRP due to increased heat stress risk would be managed 
through clearing management protocols in Category 1 clearing category areas that provide key known 
WRP habitat. Management measures would include installation of temporary supplemental watering 
points and clearing towards adjacent habitat to promote passive relocation of WRP into adjacent 
habitats, which are likely to be part of existing home ranges. 
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No. Submission and/or issue 

34 The submitter has questioned what scientific study or previous experience has informed the 
design of the 1.5-1.8m high WRP exclusion fence? Do Main Roads know if it will be effective? 

Main Roads has developed the suite of management actions for the proposal, including clearing 
protocols, the location / design of movement structures, and the location / design of fencing in 
consultation with WRP experts. The WRP fencing has been designed to minimise the risk of WRP 
passing beneath or over the fencing by providing a solid buried determent at the base and a solid 
surface of a width to avoid WRP climbing over the fence.  

 

No. Submission and/or issue 

35 High density Perspex to be used for noise walls over 2.5-3.8 metres. The submitter has asked 
if there are there any studies regarding possible impacts these Perspex panels may have on 
birds who may fly into them, particularly threatened Black-Cockatoos?  

The use of high density Perspex panels as the upper extent of noise walls is generally only used when 
shadow effect will occur on adjacent houses.  The use of clear perspex panels will be further refined 
during the detailed design process and minimised as far as practical. 

Main Roads has used high density Perspex panels in many parts of its road network and isn’t aware of 
Black Cockatoos colliding with it.  

Collison with windows or other clear panels in urban environments and/or infrastructure is not listed 
as a key threat for Black Cockatoos and is not considered a risk under the Proposal. While bird strike 
with windows or clear panels are known to occur, occurrences are rare and there are no known 
attractant effects associated with clear panels. Conversely, airflow patterns over clear panels often 
provide a clear indication that a structure is present even when visibility of the structure is 
compromised. Accordingly, the risk of impacts occurring is low and anticipated to be effectively 
managed through the design process.  

 

No. Submission and/or issue 

36 Submissions raised that studies have shown that LED’s have increased ecological impacts on 
nocturnal fauna and humans due to the blue light they contain. Blue light is believed to affect 
wildlife and human physiological functions for example the production of melatonin which 
can affect sleep patterns and interfere with seasonal reproduction prompts (National Light 
Guidelines). It can potentially also damage photoreceptors in the eyes of nocturnal fauna, 
which are adapted for low levels of light (National Light Guidelines). 

In contrast, low impact green alternative alignment has no sensitive receptors within 20m of 
the road and will only potentially impact 10 residents before mitigation.  

Studies have shown that the blue light in LEDs can potentially impact fauna. Early adoption of lighting 
technology tended to opt for light with a high Correlated Colour Temperature (CCT) in the order of 
5000 Kelvin (expressed as k) to 6000k in the blue spectrum. Main Roads limits the CCT in the Perth 
Metropolitan area to 4000k and in specific circumstances this has been reduced further to 3000k or 
less (Kwinana Freeway at the Swan River is 3000k). Main Roads suppliers have become more aware of 
the issues associated with blue light emissions and therefore LED luminaires and are using new 
technology to minimise this further.  
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Main Roads will use a white/yellow light LED luminaire with a CCT of equal to or less than 3000k and 
select a luminaire that minimises the levels of lower wavelength light. A luminaire of this frequency is 
unlikely to impact wildlife, whilst still providing energy efficiency benefits. If a satisfactory LED 
luminaire is not available, the option of a High Pressure Sodium (HPS) luminaire remains available.  

 

No. Submission and/or issue 

37 The only way to safely work is for the fauna spotter to keep out of the way of the loader while 
it is moving. Falling trees and debris will also constitute a major risk to anyone on the ground, 
which means that fauna spotters will be unable to observe closely during clearing operations, 
rendering the entire process unworkable. Procedures for leaving trees if an animal is spotted 
would result in major delays for clearing. The details and logistics of exactly how this will work 
have not been considered. See page 31 of FOG submission.  

The comment is noted. 

The on-ground monitoring of fauna during clearing operations in a safe manner is common practice on 
Main Roads projects where fauna is expected to be encountered and will be applied to this Proposal. 
Main Roads has full confidence from experience that fauna spotters can be safely managed during 
clearing operations without impeding safety or fauna management requirements. Any delays 
associated with managing WRP have been incorporated into the anticipated timeline for the Proposal 
and were conveyed to potential contractors during the bid procurement process. 

 

No. Submission and/or issue 

38 The submitter questions whether the proponent surveyed the impacts for the South-western 
brush-tailed Phascogale in the BORR Southern Section Alternative alignment as there is no 
mention of it in Table 13 (pg 70). See ANON-XUSG-UCPS-2. 

Brush-tailed Phascogales were targeted as part of fauna surveys and opportunistically recorded during 
WRP surveys. Two Brush-tailed Phascogales were observed within the study area for BORR Southern 
Section Alternative alignment while conducting spotlighting work for the Western Ringtail Possum. 
One record was from Banksia dominated woodland, while the second was from Jarrah/Marri mixed 
woodland. 

 

No. Submission and/or issue 

39 Main Roads WA has asserted that the impact on the Brush-tailed Phascogale is not significant 
(p127, BORR IPT, 2020), with no quantitative, scientific evidence as to what constitutes 
significant. See page 30 of FOG submission.  

It is also unclear how the proponent has come to the conclusion that the proposal will not 
result in significant impacts as a result of clearing of habitat to the South-western brush-tailed 
Phascogale when the regional extent of South-western brush-tailed Phascogale habitat has 
not been modelled and that local content is estimated.  

As detailed in Table 4-39 of the Updated Referral Document, BTP habitat is closely associated with 
Marri / Eucalyptus woodland. While the regional extent of BTP habitat has not been modelled, the 
local extent of BTP habitat within a 5 km radius of the Proposal has been estimated at 4,705 ha by 
intersecting the DPIRD remnant vegetation extent dataset with the habitat type dataset resulting from 
the field assessment.  
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Since the publication of the Updated Referral Document, Main Roads has further refined the design of the 
footprint to reduce the impact to BTP habitat by 4.5 ha. 

The revised Proposal will require the clearing of up to 39.2 ha of BTP habitat, representing 
approximately 0.8 % of the modelled local (5km) extent of BTP habitat 4,705 ha based on calculation 
of known BTP habitat associations with remnant vegetation data. This quantitative modelled 
correlation based on known habitat associations represent a commonly used and appropriate method 
for determining potential impacts at a regional scale. The loss of less than 1% of the calculated extent 
of remnant vegetation supporting BTP (a priority species, but not considered to be under imminent 
threat) indicates that impacts are not significant. 

 

No. Submission and/or issue 

40 How can the public make comment on the proposal when MRWA based information on 
unpublished data for WRP?  

Where Main Roads has used unpublished data to support conclusions, sufficient detail has been 
provided on the context and content of such work. It is worth noting that a substantial amount of 
work has been undertaken associated with the Proposal and the planning development process for 
the Proposal. Unpublished reports have been used to address queries or questions raised by 
stakeholders, regulators, and the community (e.g. technical studies supporting Alignment EIAs).  

Additionally, some work on offsets, WRP bi-monthly surveys, and other ongoing monitoring continues 
to progress outside of the EPA Assessment process and is progressing towards finalisation, but as yet 
not completed, but includes relevant data that has been disclosed as part of the EPA process.  

Main Roads has made every effort to disclose information to effectively inform the EPA assessment 
process even though the supporting reports are not ready for publication. 

 

No. Submission and/or issue 

41 There is no offset proposed for the Black Striped Minnow, as the impact is not considered 
“significant” (p.30, Appendix H, BORR IPT, 2020). Destroying 5.5 ha and 9.4 ha of riparian 
habitat, and potentially impacting the hydrology of the wetlands adjacent to the proposal 
may just cause the local extinction of this endangered species instead. See page 30 of FOG 
submission.  

The potential clearing of 5.5 ha of BSM habitat and 9.4 ha of riparian vegetation represents a 
maximum and conservative estimate of potential impacts. While the local extent of BSM habitat is 
annually variable and dependent on precipitation, using the same criteria for calculating impacts 
results in an estimate of1,186 ha of BSM habitat within 5 km of the Proposal Area.  Depending on the 
average annual rainfall, the actual extent of BSM in any given year may be variable from this 
calculation.   

While up to 5.5 ha of BSM Habitat may be cleared within the Proposal at Five Mile Brook and south of 
Manea Park, this would assume full loss of habitat within the Proposal boundary. The construction of a 
bridge at Five Mile Brook means this maximum impact is highly unlikely to be realised. It is also 
important to note that Five Mile Brook within the Proposal boundary appears to have been artificially 
constructed and moved from its original flow path at some point in the past, likely contributing to the 
classification as a Multiple Use Wetland as opposed to a Conservation Category Wetland. 

The management focus of the Proposal minimises both direct and indirect impacts within the Proposal 
Area. Substantial changes to the Proposal design have been made subsequent to referral of the 
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Proposal in September 2019 to reduce impacts to BSM habitat by 40% to the current impact of 5.5 ha. 
Key design requirements minimise indirect impacts on hydrology that supports suitable habitat on 
either side of the Proposal Area at Five Mile Brook and south of Manea Park. As part of the design, 
hydrologic modelling of surface water was conducted (BORR IPT, 2019b) to ensure the design of the 
bridge at Five Mile Brook and culverts south of Manea Park minimise impacts on and maintain surface 
hydrology. 

 

No. Submission and/or issue 

42 The recent find of Black Stripe Minnow in the Bunbury area is important. It should have 
prompted MRWA to conduct further studies. […] further studies should be conducted in order 
to be adequately informed when making a determination on the project.  

The presence of BSM in the Bunbury area did prompt Main Roads to conduct further studies which 
continue to involve monitoring undertaken in the winter of 2020 for which reporting is not yet 
available. Recognising that the 2018 survey was likely too late in the season to observe BSM Main 
Roads engaged WRM consultants for two years of targeted aquatic fauna sampling within and 
adjacent to the BORR Southern Section Proposal Area.  This resulted in surveys being conducted in 
November 2018 and August 2019 to fully characterize aquatic fauna potentially present within the 
Proposal Area. These surveys highlighted the likelihood that BSM were present in the Proposal Area 
and Main Roads has pursued avoidance and management accordingly assuming the potential for 
impacts to BSM. 

 

No. Submission and/or issue 

43 The submitter asks how does Main Roads know what Fauna and how many will be affected 
and killed by the clearing of bushland? Are they going to collect all the species before they 
clear the bushland and relocate them? 

Main Roads will conduct appropriate surveys prior to clearing operations to identify fauna use in 
clearing areas prior to clearing. Clearing will be undertaken in a manner that encourages more mobile 
fauna to self-relocate into adjacent uncleared areas.  Clearing would not involve the capture of fauna 
except in cases of fauna injury where intervention is required.  

A fauna spotter will be present during clearing operations at all times to minimise the potential injury 
of fauna, including one fauna spotter per machine during clearing operations in lower quality WRP 
habitat (Clearing Categories 2 and 3) and two fauna spotters per machine conducting clearing during 
work in Category 1 areas known to support  WRP. 

Conservation significant fauna injured by construction activity will trigger corrective and contingency 
actions in consultation with DBCA and DAWE as per the Fauna AMP (Appendix G).  

 

No. Submission and/or issue 

44 There is no mention of how the proponent plans on monitoring or relocating the black stripe 
minnow particularly when the species burrows during dry periods. 

Monitoring associated with BSM is focused on indirect impacts on habitat quality (focused on water 
quality parameters including total nitrate, total phosphorous, temperature, pH, oxidation-reduction 
potential, conductivity and turbidity) and hydrologic function. Main Roads is also proposing additional 
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surveys in areas of retained habitat and will compare the survey results with data collected from 
reference sites.  

Monitoring for impacts to BSM will be conducted at a reference site (Manea Park) and potential 
impact site (Five Mile Brook at the southern extent of the Proposal Area). The reference site will be 
established for the purposes of providing comparative species and population trend data. Monitoring 
will comprise sampling and visual assessment and will include photo monitoring. Monitoring will be 
conducted by a suitably experienced zoologist / environmental scientist.  

Baseline data collection at the reference site commenced in the winter of 2020. Any changes in 
conditions at potential impact sites will be compared with those in reference sites. This will enable 
determination of the likelihood of impacts having resulted from Proposal implementation to ensure 
surface water flows are maintained through the implementation of the Proposal.  

Main Roads is not proposing any translocation of BSM during construction of the Proposal.  

 

No. Submission and/or issue 

45 The submitter has raised that there is Raptor nest next to the big tuart tree. Main Roads 
should provide evidence the road will not impact the nest/breeding of the raptor. 

The nest in the large Tuart has been previously identified as the nest of Whistling Kite (GHD, 2012). 
The Whistling Kite is a medium-sized bird of prey (raptor), considered to be widespread throughout 
Australia (Birdlife Australia, 2020).  

More recent observation by zoologist Mr. Greg Harewood in February 2020 identified the Whistling 
Kite nest to still be present, but outside of the nesting period (July to November) was unable to 
determine if the nest was recently active (G Harewood, pers. comm., February 2020). Given that the 
recorded nest will not be removed, any potential for an impact of the Proposal to Whistling Kite is not 
expected to be significant. 

 

No. Submission and/or issue 

46 Typical Fauna underpass- 1500 Pipe and arch. How will possums get around the 75mm 
diameter rope supports at 3 metre centres? 

Typical Fauna Underpass- Box culvert. The 100mm rail is too close to the 100mm diameter 
posts at 3m centres, it needs to be offset to allow possums past posts. 

Main Roads in reviewing the design anticipates offsetting the anchor support by 25 degrees to 
facilitate WRP movement. Main Road will also look to further modify the installation off the timber 
post and rail within box culverts. All crossing designs will be revisited during final design in 
consultation with WRP experts and DBCA.  
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4.3. Flora and Vegetation 

No. Submission and/or issue 

47 Supplementary ‘targeted’ surveys for occurrences of TEC/PEC’s have not been provided with 
ARI document. Surveys are not adequate for Tuart and Banksia Woodlands TEC/PEC. Further 
surveys should be undertaken to determine the full extent of Tuart and Banksia Woodlands 
TEC/PEC vegetation. For e.g. see pages 4-6 of CCWA submission and page 6 of FOG 
submission. 

Results of targeted TEC/PEC surveys undertaken for the proposal have been included in the updated 
2020 flora and vegetation survey report, which was appended to the Updated Referral Document. 
Additional targeted surveys where relevant (e.g. for Claypan TEC) were also appended. 

Surveys undertaken for Banksia and Tuart Woodlands TEC/PEC have identified all occurrences of these 
communities and are considered sufficiently comprehensive. 

 

No. Submission and/or issue 

48 The submitters raise that the flora and vegetation surveys do not include algae, fungi and 
lichens 

Surveys conducted for the proposal were undertaken consistent with EPA policy and Technical 
Guidance - Flora and Vegetation Surveys for Environmental Impact Assessment (EPA, 2016b). Current 
guidance and listings of conservation significant flora do not include algae, fungi and lichens. 

 

No. Submission and/or issue 

49 Alternative route which avoids any impacts to Critically Endangered Tuart Woodlands 
TEC/PEC should be considered. 

An Alignment Selection Study was undertaken to develop and ultimately compare two Alignments to 
determine if there is an alternate Alignment to the BORR Southern Alignment published in the GBRS. 
While environmental impacts were an important consideration in determining the feasibility of the 
alternate corridor, it was not the only factor that required consideration. As such, the Report drew 
from a range of engineering and environmental studies as well as desktop review relevant planning 
policies and data that informs the planning of primary road networks.  

Changes to the Proposal have been made since referral in September 2019 to reduce impacts to Tuart 
Woodlands TEC vegetation by 0.5 ha to 4.4 ha of impact. Changes to the design have included a range 
of refinements to minimise the impacts to the environment such as reducing median widths and 
changing the design of interchanges to reduce clearing requirements. The resulting Proposal reflects 
the minimum land area required for the road corridor. 
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No. Submission and/or issue 

50 Submitters have noted the high impact on a large area of Banksia Woodlands TEC/PEC for this 
proposal and questioned whether all possible precautions have been taken to avoid the 
destruction of this endangered and regionally significant vegetation. 

Yes, as required the EPA (precautionary principle approach) Main Roads has sought to avoid, 
minimise, reduce, rehabilitate and offset environmental impacts to Banksia Woodlands TEC/PEC. The 
extent of clearing associated with the Proposal has been refined to avoid Banksia Woodlands TEC/PEC 
along with other TECs, PECs, and habitat supporting conservation significant species. Further effort to 
refine the Proposal to avoid Banksia Woodlands TEC/PEC will continue to be undertaken where 
possible through detailed design. 

Since the publication of the Updated Referral Document, Main Roads has further refined the design of the 
footprint to reduce the impact to Banksia Woodland TEC by 1.5 ha (from 24.9 ha to 23.4 ha), as detailed in 
the Section 43a request submitted 9 August 2021. 

 

No. Submission and/or issue 

51 Banksia Woodlands vegetation condition for the southern end of Marchetti Road, (BW-S-D-3) 
is rated 'excellent', one of few locations to be rated this, whilst the land immediately to the 
south is degraded. Can the road alignment be moved south to avoid this significant patch of 
vegetation? See page 7 of Shire of Capel submission. 

As noted in response to EPAS Comment No.20, the corridor is wider at this location to allow for the 
Jilley Road connection to Ducane Road, allowing access to the severed lot on the northern side of the 
alignment. The inclusion of access to the northern side of the alignment is necessary to reduce the 
impact on the local community and provide bushfire egress. The alignment cannot be moved any 
further south at this location as the alignment needs to tie into the existing road reserve through 
Gelorup. Any modification at this point would result in greater impacts in other locations.  

The final design will investigate options this occurrence, but the approach taken conservatively was 
that the proposal would require clearing of all vegetation within the Proposal Area. Final design 
protocol is to avoid and minimise all occurrences of TEC/PEC and remnant native vegetation where 
possible. While areas to the south of the alignment are clear the road alignment. 

 

No. Submission and/or issue 

52 Several submitters have raised that fragmentation to Tuart and Banksia Woodlands TEC/PEC’s 
have not been assessed adequately. For e.g. see pages 4-7 of CCWA submission and pages 9-
12 of FOG submission. 

Main Roads was not aware of any inconsistency and considers the mapping to be fully accurate of 
TEC/PEC extent adjacent to the Proposal Area. Not all TEC/PEC occurrences outside of the Proposal 
Area were surveyed with spatial boundaries in the field. However, sufficient information was obtained 
during field surveys to identify these areas, and all areas included in the vegetation monitoring 
program. No further surveys are required or will be undertaken. 

In the Updated Referral Document, Table 4-9 and 4-10 (for Banksia Woodlands TEC/PEC) and Table 4-
14 and 4-14 (for Tuart Woodlands TEC/PEC) address the impact from fragmentation in regard to the 
threshold in the conservation advice. As is detailed in Table 4-10 of the Updated Referral Document, 
all the occurrences of Banksia Woodlands TEC remaining after Proposal implementation will still meet 
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the criteria for the TEC as defined in the respective Conservation Advices.  As noted in Table 4-13, the 
impacted patch of Tuart Woodlands TEC extends beyond the Surveyed Area for the Proposal but is 
estimated at > 25 ha and in good condition for the majority of the patch’s extent. The viability of these 
occurrences is considered unlikely to change as a result of the Proposal. 

Edge effect impacts from the creation of new clearing boundaries will be addressed through the 
implementation of the proposed management actions.  

 

No. Submission and/or issue 

53 Tuart Woodlands TEC/PEC Patch 1 not identified correctly in size and condition and as part of 
a nationally protected ecological community (32.2 ha in size/good condition). For e.g. see 
page 4 of CCWA submission. 

Tuart patch 1 was identified in the flora and vegetation survey report as being an occurrence of the 
Tuart Woodlands TEC/PEC, which extends beyond the Proposal Area. The portion of the extent within 
the Proposal Area met the minimum size and condition requirements to be considered an occurrence 
of the TEC/PEC. The 32.2 ha patch identified is within and adjacent to the survey area, and this 
occurrence extends even further to the north only, thus additional survey of the patch as it extended 
further north of the survey area was not required to inform the assessment. 

 

No. Submission and/or issue 

54 Submitters request further explanation on the reduction of the proposal impacts on Tuart 
Woodlands from 28 ha to 4.5 ha. The 4.5 ha area of Tuart Woodlands is part of a larger patch 
measuring 7.4 ha (Appendix J) and therefore meets the criteria for a nationally protected 
community is at variance with the Conservation Advice (TSSC, 2019). Submitters question 
what evidence the proponent has to suggest that the Tuart Woodlands TEC/PEC would 
recover from a 20% decline. Will management measures be sufficient to address this issue 
and for how long post construction? For e.g. see page 9 of FOG submission. 

The 28.6 ha was a highly conservative estimate based on inclusion of everything that was potentially 
Tuart. Additional surveys informed the status of vegetation within these areas and smaller areas of 
Tuart Woodlands TEC/PEC than were conservatively assumed to potentially be present within the 
Proposal Area at the time of referral. Additionally, the Proposal Area was reduced through design 
refinement from 300 ha to 200 ha reducing impacts on Tuart Woodlands TEC/PEC.  

A change in the order of 20% is considered a reasonable maximum threshold at which to set the 
implementation of contingency actions. Management actions will also be implemented as required 
prior to any decline reaching this point. Thus, it is considered highly unlikely that any monitored 
parameters in monitored vegetation will decline by 20%. Regardless, vegetation monitoring has been 
designed to detect changes in monitoring parameters of less than 20%. Should changes be detected, 
causes will be investigated, and appropriate management actions will be implemented as necessary.  

 

No. Submission and/or issue 

55 There is insufficient space in the designated corridor to fulfil buffer zone requirements for 
Tuart Woodlands and Banksia Woodlands TEC/PEC as per respective Conservation Advice. 
Major construction works can impact soil and hydrology increasing the need for wider buffers 
still. For e.g. see pages 9 and 13 of FOG submission. 
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Buffers are defined in the conservation advice as part of determination of TEC patches. They are not 
development exclusion zones. 

 

No. Submission and/or issue 

56 Plans to move the road around Australia’s largest, registered Tuart tree are unlikely to fulfil its 
Conservation Advice (TSSC, 2019) for an adequate buffer. Projected possible impacts on the 
water table during construction, combined with the longer term risk of climate change, 
threatens to make the attempt to save this ancient tuart ultimately futile. Is the tree included 
in specific monitoring programs?  

While this is a significant Tuart tree, it is not part of an occurrence of TEC/PEC and therefore is not 
included in the vegetation monitoring program. The tree will be avoided by the Proposal.  

 

No. Submission and/or issue 

57 Direct and indirect impacts to Banksia Woodland TEC/PEC from the proposal is not clear. The 
ARI document states 24.9 ha will be directly impacted but does not include the indirect 
impacts for example the remaining areas left on sites BW-S-D-2 and BW-S-D-3 which will 
leave less than the minimum viable patch size. 

The ARI document states that the loss of Banksia Woodlands TEC/PEC from the proposal 
equates to 0.007% of the 'known TEC extent' (regional). This equation needs further 
investigation as to what exactly is the local proportion and impacts. For e.g. see page 5-7 of 
Shire of Capel submission. 

The revised Proposal as detailed in the Section 43a request submitted 9 August 2021 will directly 
impact (clear) 23.4 ha of Banksia Woodland TEC/PEC at three occurrences. As shown in Table 4-10 in 
the Updated Referral Document, all three occurrences will still meet the criteria as specified in the 
conservation advice after clearing has occurred.  

The calculations of regional presence of Banksia Woodland TEC/PEC are estimated based on the total 
known extent and the Perth SWA02 subregion (TSSC, 2016) (Table 4-26 of the Updated Referral 
Document). Based on these calculations, the Proposal would result in a reduction of up to 0.007 % of 
the total extent (> 335,000 ha) and < 0.01 % of the regional extent (> 253,000 ha), as discussed in 
Section 4.3.7.3 of the Updated Referral Document. 34 ha of the TEC/PEC was recorded within the 
BORR South Section survey area, which provides local context for the availability of the TEC/PEC 
adjacent to the Proposal Area.  

The submitter compares local impacts for BORR Southern Section to BORR Northern Section which is 
problematic in that the landscape contexts of both corridors are different.  

 

No. Submission and/or issue 

58 Submitter is concerned that the proposed shared footpath (Bussell Hwy) will likely have 
impacts and edge effects to the Banksia Woodlands TEC along Bussell Hwy. 

Clearing associated with proposal considered edge effects regardless of what element of the 
infrastructure is being considered. Monitoring of indirect impacts has been proposed for TEC/PEC 
occurrences to consider those edge effects.  



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 98 

Edge effects are likely to already be occurring at this location as this occurrence is adjacent to the 
existing Bussell Highway. 

 

No. Submission and/or issue 

59 The submitter raises concerns that the proponent has not accurately determined impacts to 
the Tuart-Peppermint Woodland PEC as the proponent has not mapped this PEC, rather used 
the Tuart Woodlands PEC/TEC as a ‘proxy’. 

All occurrences of Tuart-Peppermint Woodland PEC within the Proposal Area were mapped during 
field surveys. Extent remaining data for the Tuart-Peppermint Woodland PEC are not available. The 
Tuart Woodlands TEC data is the closest available and has therefore been used as ‘proxy’. The Tuart 
Woodlands TEC includes both the Tuart-Peppermint Woodland PEC and the ‘Quindalup Eucalyptus 
gomphocephala and / or Agonis flexuosa Woodlands PEC’ (floristic community type 30b). This results 
in a very conservative estimate of the extent and distribution of the Tuart-Peppermint Woodland PEC.  

Advice from Andrew Webb at DBCA on 5 January 2021 confirmed the DBCA TEC/PEC layer, with Tuart 
TEC mapping based on the 2002 Tuart Atlas with refinements since to reconcile errors, represents the 
best available regional mapping for the PEC. 

 

No. Submission and/or issue 

60 Submitters are concerned with the proposed impact to an intact environmental corridor and 
two significant Ecological linkages of the South West Regional Ecological Linkages. For e.g. see 
page 20 of FOG submission and pages 52-53 of SWEC submission. 

The Proposal crosses Dalyellup/Gelorup/Crooked Brook South West Regional Ecological Linkage at one 
location at the southern end of the Proposal Area where the BORR Southern Section alignments is 
proposed to come through the Gelorup Road Reserve into the merger with Bussell Highway. The 
linkage was developed as part of planning associated with the GBRS, which also included the provision 
for and location of the future BORR road corridor. To the west of Bussell Highway sits Reserve 23000 
and to the west is the partially cleared peri-urban context of the Gelorup community. 

The impact was assessed in regard to its local context at the point of intersect and connectivity for 
conservation significant fauna (Figure 13 in the Updated Referral Document, Figure 4 in the Updated 
FAMP). Proposed management measures include the installation of two rope bridges at Bussell 
Highway, four box culvert underpasses, a fauna land bridge and an arched underpass within the 
Gelorup Road Reserve, as well as a dedicated fauna land bridge and four rope bridges at the proposed 
Yalinda Drive interchange to maintain connectivity for conservation significant fauna, including WRP, 
through the area. 

While residual impacts have not been determined to be significant, the proposed Offset 1 comprises a 
152 ha of Lots 153, 267 and 268 Ducane Road, Gelorup. These properties occur 2 km east of the BORR 
Southern Section alignment and form a component of the ‘Dalyellup/Gelorup/Crooked Brook 
Ecological Linkage’. 

 

No. Submission and/or issue 

61 MRWA plans to draw down approximately 300 million tonnes of water from the Yaragadee 
for dust suppression. That act, in line with the effects of climate change could permanently 
endanger any remnant Tuart woodlands in the Bunbury area, however it is described as 
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“minor temporary dewatering”. The construction period is estimated at three years, which is 
a significant period of time over which the hydrology and soil will change. 

Main Roads is currently investigating alternate sources of water to reduce reliance on groundwater 
use for construction and dust suppression purposes. The use of groundwater resources is yet to be 
fully determined and will be avoided where other practicable alternatives are available. 

Main Roads has applied to the Department of Water and Environmental Regulation (DWER) for a 
groundwater abstraction licence for approximately 333 ML/pa from the Yarragadee aquifer. The 
application is for a 36-month period. The use of groundwater will be progressed should alternative 
sources not be practicable. 

The proposed location of the abstraction bores is in the license applications is strategic with the 
preferred final locations for the bores to be determined in consultation with DWER. The location of 
the bores will be determined on the basis of minimal impact to any groundwater dependent species, 
aquifers and nearby groundwater users. The application remains under assessment from DWER under 
the requirements of the Rights in Water and Irrigation Act 1914 (RiWI Act).  

 

No. Submission and/or issue 

62 Please confirm the risk to deep-rooted Banksia species from groundwater drawdown and/or 
changes to hydrology related to the proposal. For e.g. see page 7 of Shire of Capel submission 
and page 12 of FOG submission. 

Results of the steady‐state two-dimensional groundwater model run for the Proposal demonstrated 
that for southern portions of the BORR Southern Section Proposal Area with high groundwater levels 
where the upper soil profile is dominated by sands, compaction associated with the road footprint will 
likely have a marginal impact on existing groundwater levels (BORR IPT, 2019b). In these areas, despite 
the shallow groundwater, the relative thickness of this sand layer with comparison to the depth of 
compaction impacts does not significantly alter the throughflow of groundwater, and hence minor 
groundwater level change is expected, less than 0.1 m. 

As discussed in EPAS comment No.31, Main Roads is currently investigating alternate sources of water 
for the construction of BORR and in so doing reduce the estimated volume of groundwater that 
required for construction. Regardless, even at the maximum anticipated volume, no localised 
drawdown impacting vegetation is expected as a result of abstraction. The Yarragadee aquifer is not a 
shallow aquifer therefore abstraction of water from this source is considered unlikely to impact the 
root zones of vegetation. 

Proposal design and proposed drainage management measures will ensure no significant difference 
over baseline conditions. 

 

No. Submission and/or issue 

63 There is a potentially significant impact on 21 Priority listed, endangered or vulnerable flora 
taxa. Given that these species are difficult to find and identify (described as cryptic by 
MRWA), it is possible that the populations of these rare flora species are higher than stated. 
See page 17 of FOG submission. 

Flora and vegetation surveys conducted for the Proposal were comprehensive and conducted over 
numerous phases and years. While it is acknowledged that individuals of some species may not have 
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been observed during these field surveys, it is considered highly unlikely that any populations of these 
occur within the surveyed areas and remained undetected. 

 

No. Submission and/or issue 

64 Submitter considers the clearing of 104 individuals of Priority flora Caladenia speciosa (3 per 
cent of regional population) as significant and requests an adequate impact assessment as to 
why this impact is not considered significant by MRWA. 

Caladenia speciosa is a Priority 4 listed flora, indicating its status is of concern but that it is still 
relatively common. The loss of 3% of the known regional population is not considered significant. 
Substantial habitat for this species remains within the vicinity of the Proposal Area and it is considered 
likely that more individuals would be identified adjacent to the proposal if further survey was 
undertaken. 

 

No. Submission and/or issue 

65 Submitters raised that the proponent should consider further actions to avoid and minimise 
native vegetation clearing, in particular to TEC/PEC vegetation. For e.g. see pages 6-7 of 
Wildflower Society of Western Australia (WSWA) submission and page 9 of CCWA submission. 

The principle of Avoid has been applied to the Proposal during the preliminary planning phase and will 
continue to be applied during the detailed design phase, with the aim to minimise native vegetation 
clearing as much as possible. 

Since the publication of the Updated Referral Document, Main Roads has further refined the design of the 
footprint to reduce the impact to Banksia Woodland TEC by 1.5 ha (from 24.9 ha to 23.4 ha), as detailed in 
the Section 43a request submitted 9 August 2021. 

 

No. Submission and/or issue 

66 Submitters raise concerns that the proponent has used 2016 data of the ‘known extent of 
Banksia Woodland’ TEC when determining cumulative impacts and that the impacts from the 
BORR Northern and Central sections have not been accounted for. 

The calculations are based on the most recent available data (2016, as presented in the conservation 
advice). Impacts from the BORR Northern and Central Sections project have been included in the 
cumulative impact assessment included in Table 4-28. 

 

No. Submission and/or issue 

67 The submitter raises concerns that the proponent’s discussion of residual/cumulative impacts 
is based on the Swan Coastal Bioregion and does not address the residual/cumulative impacts 
at a local scale. 

The assessment of cumulative impacts was undertaken at the subregional scale (southern SCP), not 
the bioregional scale. 

Local scale impacts are considered in relation to the flora and vegetation survey areas. 

 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 101 

4.4. Inland Waters 

No. Submission and/or issue 

68 The ARI Document states that the Proposed Area is not within a proclaimed Waterways 
Conservation Area (page 153), however Five Mile Brook is part of the DWER’s Revitalising 
Geographe Waterways program and has been categorized as a recovery catchment. This is 
not addressed by the Proponent. For e.g. see page 18 CCWA submission. 

Five Mile Brook is not listed in the March 2020 list of Surface Water Proclamation Areas under the 
RiWI Act. 

Actions associated with the proposal are not anticipated to contribute to existing water quality risks 
within the catchment. The Proposal would not contribute to existing nitrogen or phosphorus risks nor 
preclude targets established in the Water Quality Improvement Plan. Water quality monitoring within 
Five Mile Brook being undertaken for the Proposal may be of value to the program given the stated 
issues regarding a lack of the water quality data for the catchment.  

 

No. Submission and/or issue 

69 Submitters are concerned regarding proposal impacts to groundwater, surface water and 
wetlands which have the potential to be contaminated. There is also no mention of 
monitoring the potential impacts from disturbance to Acid Sulphate Soils in Table 4-55. For 
e.g. see pages 34-35 of FOG submission and p. 6 of Urban Bushland Council submission. 

Main Roads has completed a 12 month groundwater and surface monitoring program across the 
entire length of the BORR (North, Central and South). The analytical suites are provided in Table 10. 
The data from this monitoring program provides the baseline data required to monitor potential 
impacts the road may have on groundwater and surface water resources.  

 

Table 10 Suite of analytes tested throughout the 12 month GW and SW monitoring program 

LABORATORY ANALYTICAL SUITES 

Groundwater analytical suites 

Field parameters pH, Electrical Conductivity (EC), Dissolved Oxygen (DO) (mg/L, % sat), redox, 
temperature (°C), Total Dissolved Solids (TDS)* 

Inorganics pH, EC (laboratory by titration), TDS (laboratory by gravimetric)** 

Acidity and 
alkalinity 

Alkalinity (carbonate as CaCO3), alkalinity (bicarbonate as CaCO3), alkalinity 
(hydroxide as CaCO3), alkalinity (total as CaCO3), acidity (as CaCO3) 

Major ions Calcium, magnesium, potassium, sodium, chloride, sulfate, cations total, anions 
total, ionic balance, sulfide 

Nutrients Ammonium (as N), ammonia (as N), nitrogen (total oxidised) (as N), nitrogen 
(total), reactive phosphorus (as P), Kjeldahl nitrogen total, phosphorus (total). 

Metals Aluminium, cadmium, chromium, cobalt, copper, iron, lead, manganese, nickel, 
selenium, zinc 

BTEXN Benzene, toluene, ethylbenzene, xylene, naphthalene (sum of total) 
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LABORATORY ANALYTICAL SUITES 

TRH Total recoverable hydrocarbons 

Surface water analytical suites 

Field parameters pH, EC, DO (mg/L, % sat), redox, temperature (°C), TDS*, turbidity (NTU) 

Surface water analytical suites 

Inorganics pH, EC (laboratory by titration), TDS (laboratory by gravimetric)** 

Acidity and 
alkalinity 

Alkalinity (carbonate as CaCO3), alkalinity (bicarbonate as CaCO3), alkalinity 
(hydroxide as CaCO3), alkalinity (total as CaCO3), acidity (as CaCO3) 

Major ions Calcium, magnesium, potassium, sodium, chloride, sulfate, cations total, anions 
total, ionic balance, sulfide 

Nutrients Ammonium (as N), ammonia (as N), nitrogen (total oxidised) (as N), nitrogen 
(total), reactive phosphorus (as P), Kjeldahl nitrogen total, phosphorus (total) 

Metals Aluminium, cadmium, chromium, cobalt, copper, iron, lead, manganese, nickel, 
selenium, zinc 

BTEXN Benzene, toluene, ethylbenzene, xylene, naphthalene (sum of total) 

TRH Total recoverable hydrocarbons 

Pesticides and 
herbicides 

Organophosphate pesticides, glyphosate 

 

An Acid Sulphate Soil Management plan has been prepared and will be refined during detailed design. 
This plan includes treatment of Potential Acid Sulphate Soil material and disposal of Actual Acid 
Sulphate Soil where required at appropriately classified landfill facilities.  

 

No. Submission and/or issue 

70 Submitters have raised concerns regarding the MRWA application for a licence to take 
333,062 kilolitres of water from the Yarragadee Aquifer for BORR South. For e.g. see Appendix 
4 of FOG submission. 

As per the response to submission No. 61, Main Roads is currently investigating alternate sources of 
water to reduce reliance on groundwater use for construction and dust suppression purposes. The use 
of groundwater resources is yet to be fully determined and will be avoided where other practicable 
alternatives are available. 
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No. Submission and/or issue 

71 The Department of Water’s Water Quality Protection Note, Roads Near Sensitive Water 
Resources, requires MRWA to demonstrate the ‘scientific investigation and contaminant 
modelling’ carried out to ensure that the catchment is not compromised during construction 
and operation. MRWA does not appear to have complied with this requirement and has not 
made its strategies available to the public for comment.  

Main Roads has completed a 12-month Groundwater and surface monitoring program across the 
entire length of the BORR (North, Central and South). The analytical suites are provided in Table 11. 

 

Table 11 Suite of analytes tested throughout the 12 month GW and SW monitoring program 

LABORATORY ANALYTICAL SUITES 

Groundwater analytical suites 

Field parameters pH, EC, DO (mg/L, % sat), redox, temperature (°C), TDS* 

Inorganics pH, EC (laboratory by titration), TDS (laboratory by gravimetric)** 

Acidity and 
alkalinity 

Alkalinity (carbonate as CaCO3), alkalinity (bicarbonate as CaCO3), alkalinity 
(hydroxide as CaCO3), alkalinity (total as CaCO3), acidity (as CaCO3) 

Major ions Calcium, magnesium, potassium, sodium, chloride, sulfate, cations total, anions 
total, ionic balance, sulfide 

Nutrients Ammonium (as N), ammonia (as N), nitrogen (total oxidised) (as N), nitrogen 
(total), reactive phosphorus (as P), Kjeldahl nitrogen total, phosphorus (total). 

Metals Aluminium, cadmium, chromium, cobalt, copper, iron, lead, manganese, nickel, 
selenium, zinc 

BTEXN Benzene, toluene, ethylbenzene, xylene, naphthalene (sum of total) 

TRH Total recoverable hydrocarbons 

Surface water analytical suites 

Field parameters pH, EC, DO (mg/L, % sat), redox, temperature (°C), TDS*, turbidity (NTU) 

Inorganics pH, EC (laboratory by titration), TDS (laboratory by gravimetric)** 

Acidity and 
alkalinity 

Alkalinity (carbonate as CaCO3), alkalinity (bicarbonate as CaCO3), alkalinity 
(hydroxide as CaCO3), alkalinity (total as CaCO3), acidity (as CaCO3) 

Major ions Calcium, magnesium, potassium, sodium, chloride, sulfate, cations total, anions 
total, ionic balance, sulfide 

Nutrients Ammonium (as N), ammonia (as N), nitrogen (total oxidised) (as N), nitrogen 
(total), reactive phosphorus (as P), Kjeldahl nitrogen total, phosphorus (total) 

Metals Aluminium, cadmium, chromium, cobalt, copper, iron, lead, manganese, nickel, 
selenium, zinc 

BTEXN Benzene, toluene, ethylbenzene, xylene, naphthalene (sum of total) 
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LABORATORY ANALYTICAL SUITES 

TRH Total recoverable hydrocarbons 

Pesticides and 
herbicides 

OP pesticides, glyphosate 

This monitoring program will continue on a quarterly basis at strategic locations. The 12-month 
monitoring program provides the baseline data necessary to assess potential impacts to water quality 
as a result of the construction of BORR.  

 

No. Submission and/or issue 

72 The ‘Water Quality Protection Note’ from the Department of Water, in relation to 
infrastructure corridors near sensitive water resources, requires a “Notice of Intent” in 
relation to development proposals near sensitive water resources. Has such a Notice been 
supplied by MRWA to the Department of Water? See page 16 of FOG submission. 

Main Roads has not submitted a Notice of Intent to the DWER. This is because the necessary 
assessment of potential impacts and management measures BORR Southern Section may have on 
sensitive water resources is under assessment by the EPA and the relevant Decision Making Authority 
(DMA) as part of the overall assessment of BORR.  

 

No. Submission and/or issue 

73 Will the drawdown on the Yarragadee result in the possibility for increased ingress of ocean 
salinity particularly in areas where the aquifer is close to the ocean near Bunbury and 
Dalyellup? 

As per the response to submission No. 61, Main Roads is currently investigating alternate sources of 
water to reduce reliance on groundwater use for construction and dust suppression purposes. The use 
of groundwater resources is yet to be fully determined and will be avoided where other practicable 
alternatives are available. 

The potential location of the wells are nominal only. The nearest well is approximately 4 km east of 
the ocean. 

Abstraction from these wells is unlikely to cause salinity ingress due to the following factors 

• Distance from the coast 

• The wells will be drilled into the deep Yarragadee aquifer 

• The Yarragadee is typically coarse grained and features high permeability sands. As a result, the 
aquifer is very transmissive and has a relatively high recovery rate after abstraction. 

DWER will confirm the location of the abstraction wells if these are required during their assessment 
of the application. If required, modelling will be undertaken to describe potential drawdown. 

Main Roads will continue to assess other potential water sources to reduce the reliance on 
groundwater for construction.  
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No. Submission and/or issue 

75 The SSAR concluded that the Green route has significantly higher impact on wetlands. The 
majority of these wetlands, however, are classified as multiple use. According to Geomorphic 
mapping, (DBCA, 2020) Five Mile Brook is listed as a CCW up to the point of intersection with 
the Southern BORR along Yalinda Drive. The suggestion that the conservation category of a 
continuously flowing creek changes, and stops being CCW is spurious. 

Conservation Category Wetlands are listed as having higher ecological and riparian value than multiple 
use wetlands. However, field investigations undertaken for the BORR environmental impact 
assessment found that the MU in the Alternate ‘Green’ Alignment provide an important arterial 
function in supporting the habitat for the BSM. The EIA undertaken for the Alternative Alignment 
reported the impact on the MU wetlands in the context of their role in supporting the BSM 
population. 

Main Roads is not responsible for managing the data presented in the Geomorphic Wetlands 
database. This responsibility is with DBCA.  

The change in designation is based on observable conditions along Five Mile Brook. The section of Five 
Mile Brook within the Proposal boundary appears to have been artificially constructed and moved 
from its original flow path at some point in the past, likely contributing to its classification as a 
multiple use wetland as opposed to a Conservation Category Wetland. Further upstream the brook 
transitions into areas of paddock with significantly less riparian cover. 

Regardless, many of the multiple use wetlands in the Five Mile Brook catchment do support BSM and 
the hydrologic connection of the Five Mile Brook system to multiple use wetlands intersecting the 
Alternative Alignment were determined to support numerous BSM. Targeted Conservation Significant 
Aquatic Fauna Surveys of the Alternative Alignment in October 2018 found 113 BSM in four wetlands 
all intersecting the Alternative Alignment footprint. 

Key design requirements minimise indirect impacts on hydrology that supports suitable habitat on 
either side of the Proposal Area at Five Mile Brook. As part of the design, hydrologic modelling of 
surface water was conducted (BORR IPT, 2019b) to ensure the design of the clear span bridge at Five 
Mile Brook avoids impacts on surface hydrology and potential BSM habitat. 

 

No. Submission and/or issue 

76 Many submitters raised the issue that the Gelorup wetland was surveyed in summer when 
the area is dry. 

The WRM (2020b) report acknowledged that the November 2019 sampling event was constrained 
with some waterways having dried up. In response to this limitation, the survey was repeated in 
August 2020 when key wetlands and waterways were full. The results are reported in the WRM 
report, Appendix O of the Updated Referral Document.  

As noted in response to Public Submission No.42, Main Roads engaged WRM for two years of targeted 
aquatic fauna sampling within and adjacent to the BORR Southern Section Proposal Area in November 
2018 and August 2019 to fully characterise aquatic fauna potentially present within the Proposal Area 
including Five Mile Brook and areas south of Manea Park, recognising that the 2018 survey was likely 
too late in the season to observe BSM. Regardless of timing, the limitation was recognised and the 
presence of BSM was assumed likely based on other survey data.  
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Response to Public Submission No.44 discusses proposed monitoring for impacts to BSM that will be 
conducted at a reference site (Manea Park) and potential impact sites (Five Mile Brook at the southern 
extent of the Proposal Area) and commenced in the winter of 2020. 

 

No. Submission and/or issue 

77 MRWA has not adequately addressed the risk to wetlands of potential chemical spills, 
pesticide use, construction pollution and all associated contamination risks associated with 
the proposal.  

Submitters are concerned regarding impacts such as chemical spills, pesticide use, 
construction pollution and contamination to Five Mile Brook. Recommendations to minimise 
the impact of the BORR proposal on Five Mile Brook include preparing and implementing a 
Foreshore Management Plan and Drainage, Nutrient and water Management Plan. Please 
provide advice on whether these plans have been/will be prepared and available for public 
review. 

Prior to ground disturbing works occurring, a CEMP must be prepared. The CEMP will include 
mitigation actions provided in Section 4.6.6 of the Updated Referral Document to: 

• Clarify hydrocarbon and chemical management through the CEMP will include details on the 
handling and storage of hydrocarbons, chemicals and hazardous materials and include the 
following site specific erosion and sediment controls 

• Ensure there is a Spill Response Procedure for hazardous material spills events to ensure any spill 
is contained effectively and cleaned up appropriately 

• Ensure hydrocarbon storage and re-fueling will not be permitted within 200 m of a natural 
watercourse or Conservation /Resource Enhancement wetland 

• Ensure the storage of hydrocarbons on site will be within suitably designed containers within a 
bunded area. 

The CEMP will also provide mechanisms to mitigate the risk of erosion and sedimentation during 
construction with the following site-specific controls 

• Ensure there is no direct run-off to the adjacent watercourses and wetlands 

• Install temporary erosion and sediment control measures during bridge construction 

• Design watercourse crossings to include erosion control and scour protection measures 

• Prepare the Landscape Management Plan so that roadside and medians will be vegetated and 
capable of acting as a biological filter for runoff. 

The preparation of the CEMP with the above controls removes the requirement to prepare a 
Foreshore Management Plan and Drainage, Nutrient and Water Management Plan.  

 

No. Submission and/or issue 

78 Further clarity is requested by submitters on whether the ‘water quality basin’ and the ‘oil 
spill kits’ to control runoff comply with guidelines such as Stormwater management manual 
for WA, Water Quality Protection Note 83 and 41. 

Contractors responsible for the construction of the BORR are required to comply with the actions 
provided in the CEMP. The CEMP will require that any spills, particularly hydrocarbons are contained 



 

30 August 2021 BORR-01-RP-EN-0024 | Rev 3 Page 107 

and captured in order that nearby waterways are not polluted. Similarly, any other potentially 
contaminated runoff must be captured in a suitably sized water quality basin. 

Managing spills is a regulated activity as breaches must be reported and clean-up efforts recorded. As 
such, contractors responsible for the construction of BORR Southern Section will ensure that water 
quality basins are appropriately sized and located to capture runoff and oil spill kits are readily 
accessed at all sites where hydrocarbon spills may occur, for example fueling stations.  

 

4.5. Social Surroundings 

No. Submission and/or issue 

79 Submitters have raised concerns regarding the adequacy of heritage investigations 
undertaken. For example, please see page 7 of FOG submission and ANON-XUSG-UCFD-9 
submission. 

Extensive Aboriginal heritage surveys for the BORR Southern Section alignment have been commissioned 
by or on behalf of Main Roads over a twenty-five year period, including in 1995 (Hammond & O'Reilly, 1995), 
2002 and 2009 (Brad Goode & Associates, 2010), and 2012 (Brad Goode & Associates, 2012). Subsequent to 
referral of the Proposal, additional archaeological surveys were conducted in October / November 

2019 (Brad Goode & Associates, 2020) and ethnographic surveys were conducted in November 2019 
and January 2020 (Ethnosciences, 2020). Each survey was undertaken in accordance with the 
reporting requirements under the AH Act 1972 and involved people who were eligible to speak for 
country.  

In 2019, Main Roads commissioned another archaeological survey of the alignment and corresponding 
ethnographic site identification survey. These surveys were undertaken in accordance with the 
Noongar Standard Heritage Agreement (NSHA). The ethnographic survey reported involved two 
investigations, November 2019 and January 2020. These surveys considered the recent reporting of 
DPLH ID 37869 and DPLH 37870, the potential scarred or modified tree BR1 as reported in the 
Archaeological Report (BORR IPT, 2019b) and the structural design of the bridges crossing the 
Ferguson and Preston Rivers and Five Mile Brook. 

The GKB consultants confirmed there are no cultural heritage sites of significance in the BORR Southern 
Section alignment and questioned the cultural validity of the listing on the Aboriginal Heritage Inquiry 
System (AHIS) of both DPLH ID 37869 and DPLH ID 37870. The consultants confirmed that the bridges 
would not impact flow of the respective rivers and waterway. 

A further ethnographic study and archaeological assessment was undertaken in October 2020 to 
examine the cultural significance of the two lodged Aboriginal Sites ID 38551 Five Canoes and ID 38552 
Ancient Moojar Grove Burial Ground. This survey was conducted in accordance with the NSHA.  

The GKB consultants involved in this survey refused to visit these sites as they felt the lodgement of the 
Sites was neither acceptable nor appropriate. During the course of the meeting, the question was raised 
by the party responsible for the lodgement of the two sites as to the validity of the previous surveys and 
the parties consulted.  

Ms Lera Bennell (GKB Consultant) responded to this question by way of the following, 

‘Ms Lera Bennell questioned Mr Noonan about his interview on ABC radio, a few weeks ago, when he 
had suggested that the GKB consultants were not the appropriate people to talk for the country and 
do the surveys. She said that he had shown disrespect to them and to the old people who had 
undertaken the earlier surveys. She asked Mr Noonan to apologise for what he said, which he did. Mr 
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Goode explained there is a cultural and legal processes involved with choosing representatives to 
participate in heritage surveys and that MRWA has followed its obligations with respect to the NSHA.’ 

The meeting concluded with agreement between all parties that the BORR Southern Section alignment 
has been correctly surveyed over many years and that the findings that there are no matters of cultural 
significance within the corridor remain as they are.  

 

No. Submission and/or issue 

80 The submitter requests that the two sites yet to be assessed under the Aboriginal Heritage 
Act should be assessed prior to the implementation of the proposal.  

An ethnographic study and archaeological assessment was undertaken to examine the cultural significance 
of the two lodged Aboriginal Sites ID 38551 Five Canoes and ID 38552 Ancient Moojar Grove Burial Ground. 
The consultative meeting was held in October 2020.  

Following the archaeological examination of the two Sites and the consultative meeting held with the GKB 
Consultants, the study found that neither Site has potential historical, anthropological, archaeological or 
ethnographical interest.  

Furthermore, one of the GKB Consultants, Mr Joe Northover, advised the meeting that the approach to 
aboriginal heritage undertaken by those parties responsible for the lodgement of the Sites was neither 
acceptable nor appropriate and that as a result of these Sites being lodged, considerable disharmony had 
occurred within the aboriginal community. He also advised that only those of ‘traditional origin’ should 
speak on heritage matters, i.e. they belong to the country and that neither party responsible for lodgement 
of the Sites could make this claim.  

The GKB Consultants advised the meeting that there are no heritage impediments to the construction of 
the BORR and that the BORR should proceed. 

As a result of the findings of the investigation, it was determined that an assessment of direct and indirect 
impacts of the two Sites was not required. 

 

No. Submission and/or issue 

81 Submitters are concerned that Aboriginal groups have not been properly consulted during 
development of the project and significant Aboriginal heritage sites and elements such as scar 
trees and artefacts will be destroyed and displaced, fundamentally undermining the integrity 
of the heritage values of the place. 

The ethnographic study undertaken in October 2020 confirmed that the GKB Consultants were of the 
view that the Aboriginal people who could speak for country for each of the surveys had been 
consulted. The study went further and advised that in fact the process and parties involved in the 
recent lodgement of Sites was questioned by the GKB Consultants and concluded that the 
representatives of the community group responsible for the lodgement of the Sites were not of 
‘traditional’ origin and therefore the lodgement of the Sites was not in accordance with the 
community’s laws and customs and, were not of heritage value but appeared to be lodged by 
community group members as part of a campaign against the BORR Proposal and not from genuine 
respect for aboriginal heritage.  

The meeting concluded with agreement between all parties that the BORR Southern Section alignment has 
been correctly surveyed over many years and that the findings that there are no matters of cultural 
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significance within the corridor remain as they are. The GKB Consultants advised that the BORR Southern 
Section alignment could proceed on cultural heritage grounds. 

No. Submission and/or issue 

82 Submitter considers that MRWA has not sufficiently considered the cultural heritage of the 
Tuart Woodlands. 

Archaeological, ethnographic and anthropological studies have been undertaken in the BORR 
Southern Section corridor have been conducted since 1995, with the most recent undertaken in 2019 
and 2020 (Appendix E of the Updated Referral Document). All Sites registered or identified as 
potential Sites of cultural significance have been recorded and assessed. The Tuart Woodlands within 
the corridor are not registered nor recognised as a Site of significance from a cultural heritage 
perspective and hence were not assessed in the Heritage Reports. 

No. Submission and/or issue 

83 Several submitters have raised issues regarding the clearing of significant trees. For example, 
see FOG page 18-19 and Appendix 3; and ANON-XUSG-UCPM-V. 

Of the six trees recently registered with the National Register of Big Trees, three trees occur outside 
the clearing footprint and therefore will not be impacted by BORR. Main Roads has re-alignined the 
original alignment to avoid impacting the Giant Tuart (Grey Giant). Two WA Christmas Trees registered 
with the National Tree Register (CAP003 and CAP004) were not able to be avoided and will be directly 
impacted. 

No. Submission and/or issue 

84 The Transport Noise Assessment (Appendix C) outlines that the required installation of noise 
walls between Jilley Road and Bussell Highway will not meet the noise target in one residence 
along that proposal area. In addition, there are 19 properties that will exceed outside noise 
levels following all available noise wall and road treatment mitigation measures. The 
construction of noise walls will significantly impact the visual amenity of the property and the 
excess noise will adversely impact affected property owner’s outside amenity. The Green 
Route has no sensitive receptors within 100m and would potentially impact 10 residents 
before mitigation (BORR Team, 2019b), rather than 63 residents before mitigation and 19 
after mitigation the GBRS Route. See page 37 of FOG submission. 

Main Roads is required to meet the requirements of State Planning Policy 5.4 where noise 
exceedances result in impacts on residential receptors. 

Despite all sensitive receivers within the Gelorup Section complying with State Planning Policy 5.4 - 
Road and Rail Noise (SPP 5.4), noise impacts being further reduced by continuing the noise walls along 
the road verge as screen walls. This will be in areas where gaps existed due to predicted levels being 
below mitigation trigger levels, except where the road is in a large cutting and therefore sunk well 
below existing ground levels. Continuation of screen walls between the noise walls will also reduce 
visual impacts by providing additional screening of road traffic. 

In areas where it is not feasible to extend the noise wall to manage noise at more remote sensitive 
receptors architectural treatments will be offered to impacted residences. The road surface will also 
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be improved between Jilley Road and Bussell Highway to reduce the outdoor noise environment and 
minimise noise impacts at residential receptors.  

Noise walls will be designed with visual amenity in mind and the context of the local environment.  

 

No. Submission and/or issue 

85 Submitter raises concerns with the proposal impacts to visual amenity including the need for 
further consultation with the community over impacts and proposed mitigation measures. 
For e.g., see pages 38-39 of FOG submission and page 20 of Shire of Capel submission. 

In assessing the impacts on visual amenity with the proposal, impacts were evaluated from key 
viewpoints within the Gelorup Community. As such, not every residence may have been contacted 
during the assessment phase. Main Roads and its Alliance partners intend to further consult with all 
affected homeowners. 

 

No. Submission and/or issue 

86 Submitter states that landscape and visual impacts from lighting during night conditions has 
not been addressed.  

Other submitters suggest that the light impacts on remaining properties are all significant and 
have not been adequately addressed. How will light impacts be mitigated? 

Strategies will be developed to comply with the Australian and New Zealand Standard (AS / NZS 1158) 
Lighting of public roads (Standards Australia , 2005). This will include consideration of light backspill 
and treatments such as backshades and reducing light pole height where possible to minimise impact 
on adjacent properties. 

To minimise potential light pollution, Main Roads has committed that all lighting will be LED lighting 
and the extent of lighting will be minimised where possible. Lighting will only be provided at 
intersections and interchanges, where lighting is required for safety.  The main alignment and ramps 
will not be lit. 

 

No. Submission and/or issue 

87 Submitters are concerned about the proposal’s impacts to domestic water supply from 
contamination including rooftop rainwater and bore-water quality given there is no scheme 
water is present in either Gelorup or Stratham. For e.g. see pages 33 and 34 of FOG 
submission. 

Please demonstrate whether the heavy diesel particulates or other airborne pollutants from 
the proposed four-lane freeway will result in contamination of roof-top collected rainwater 
quality in the vicinity of the BORR to the point where the water quality is no longer suitable 
for drinking? 

The quality and safety of the drinking water supply for the residents of Gelorup is a consideration that 
will be impacted by many factors including nearby land uses, catchment conditions, bore equipment 
and processes, rainwater tank and/or bore maintenance, illegal dumping, climate change and other 
factors.  

National standards for air and water quality apply for land and water managed under the 
Environmental Protection Act, but not necessarily water in rainwater tanks. There are pollutants 
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present from diesel and petrol powered vehicle emissions, however, the concentration levels of those 
elements has decreased over the last number of years with improved engine and fuel technology. 

Particulates on roofs and other catchment surfaces come from a variety of sources, with tank hygiene 
and maintenance one of the key factors in water quality. It is landowner's responsibility to manage 
tank hygiene. 

 

No. Submission and/or issue 

88 Several submitters have raised concerns about the BORR sterilising basalt deposits in the 
context of impacts to Social Surroundings, particularly around the proposed Lilydale Road 
interchange. For e.g. see Hanson Group submission and pages 36-37 FOG submission. 

Please also address other issues raised by Hanson Group around native vegetation were 
labelled Areas 3A, 3B and Area 4 in the EPA recommendations as per EPA Report 
1108/Statement 0697.  

The need to consider future extraction possibilities of basalt in this area has been a consideration of 
the Proposal throughout its development. Main Roads met with the Department of Mines, Industry 
Regulation and Safety and the two quarry operators in Gelorup and these discussions have guided 
development of the Proposal and aimed to minimise any potential impacts to the basalt resource, 
whilst maintaining good accessibility to the BORR from quarry operations. 

Furthermore, in recognition of the resource's regional importance, the basalt area boundary was a 
factor in the multi-criteria assessment used to determine the southern section alignment. Further 
details can be found in the Southern Alignment Selection Report. 

In terms of long-term impacts on strategic basalt resource availability, the Gelorup basalt is not the 
only source of rock aggregate in the region. The Greater Bunbury Region Scheme Strategic Minerals 
and Basic Raw Materials Resource Policy indicates another location for rock aggregate in Roelands. 
Main Roads is aware of another basalt resource area within the Shire of Capel, south of the Capel 
townsite. 

Areas 3A, 3B and 4   

The abovementioned areas are shown in Plate 17. 

• Area 3A is a wetland adjacent to the Pioneer Quarry, immediately north of Lilydale Rd 

• Area 3B is wetland north of Lilydale Road 

• Area 4 is Lot 2 Miles Property. 
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Plate 17 Locations of Areas 3A, 3B and 4 

 

The EPA in its advice on the GBRS advised that BORR should be re-aligned to avoid impacting these 
wetlands.  Based on this advice, Main Roads re-aligned BORR to minimise its potential impact to these 
wetlands.  This re-alignment is shown in Plate 18. 
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Plate 18 Re-alignment of BORR 

 

The re-alignment shows the BORR entirely Avoiding Area 3A and now no longer is constructed through 
the middle of both Wetlands 3B and 4A. The re-aligned BORR does impact the edges of these 
wetlands, however, this re-alignment is unlikely to impact their environmental values as both 
wetlands remain largely intact. BORR drainage strategies will be reviewed during detailed design to 
further minimise potential impact to hydrologic flow.  As a result of these two actions, the EPA’s 
environmental objectives for these wetlands will continue to be met. 
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No. Submission and/or issue 

89 The submitter raises concerns with the Landscape and Visual Impact Assessment (Appendix D) 
that has been undertaken in that the study:  

• does not accurately represent the future impact on visual amenity as the point of visual 
impact was set at 800 m from the road. However, many properties lie within the 800 m 
some as close as 200 m (primarily along Yalinda Drive).  

• incorrectly identified the landscape as ‘urban’ when it is rural. 

• did not take into consideration the impacts due to lighting or night-time conditions. 

• found that the current alignment does not align with State legislation and policy, the 
Greater Bunbury Strategy objectives, Shire of Capel planning scheme no 7 that state it is 
important to ensure new development is consistent and sensitive to the character and 
quality of the landscape and protects environmental, biodiversity, scenic assets, 
waterways, heritage areas and amenity. 

• in section 8.1.1 states that the proposed raised grade separated interchanges and raised 
bridges at Yalinda Drive would be in conflict with the natural landform. 

• in section 8.1.2 states that due to the nature of the proposal it would not be possible to 
retain much of the existing valued vegetation and that the in areas within low lying and 
dunal areas  

• the proposal would be uncharacteristic within the existing landscape context. 

Visual Assessment Study Area 

The study area for a Visual Impact Assessment (VIA) is generally confined to the likely extent of 
visibility of Proposal within its surrounding context.  In the case of BORR South, an indicative impact 
area of 800 m either side of the centre line was established.  This study area provides for all potential 
visual impacts within the 800 m study area.  Within the study area, key viewpoints were identified, 
photographed and the potential impact of BORR Southern Section for each viewpoint assessed.  This 
assessment included properties on Yalinda Drive (viewpoints 9, 10 and 11) and properties either side 
of the road reserve. Some properties assessed were within 25 m of the Proposal.   

Landscape description 

The LVIA identifies five landscape units within the study area. These landscape units are: 

• Landscape Character Unit 1: Forest 

• Landscape Character Unit 2: Peri-Urban  

• Landscape Character Unit 3: Rural 

• Landscape Character Unit 4: Quarry 

• Landscape Character Units 5: Highway. 

Landscape units 2 and 3 reflect the environment within which the majority of Gelorup residents live. 
These units are described as follows. 

Of note, the description of Landscape Unit 2 is LCU2 landscape values include remnant vegetation of high 
ecological value (which may include Endangered Banksia Woodland), and habitat for the critically 
endangered Western Ring Tail Possum. The Five Mile Brook environment has ecological and habitat value, 
as well as functioning as an important pedestrian connection for the local community. A Significant Tuart 
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tree is also present within LCU2 to the west of Five Mile Brook. The residential development type within 
the bushland setting is also relatively unique in its broad-scale retention of large amounts of native 
vegetation within private land. LCU2 therefore has “High” landscape character value. 

And Landscape unit 3 as Landscape values associated with LCU3 include remnant vegetation on private 
land, which may include endangered Banksia Woodland. Local policy objectives also aim to preserve the 
character of rural area, including the environmental qualities of the landscape, vegetation and 
watercourses. LCU3 therefore has a “High“ landscape character value. 

Lighting and night conditions 

The LVIA only considers the visual impact of the built form of BORR Southern Section in the landscape.  
The impact of lighting is addressed in the Urban Landscape Design Framework (UDLF) document 
where sensitive lighting is recommended for BORR South.  

The LVIA Report does however recommend the impact of street lighting should be mitigated during 
detailed design particularly within Landscape Units 3 and 4.   

Policy documents 

The LVIA reviewed several policy documents to describe the visual values and land planning objectives 
of the study area. The purpose of the review was not to determine if BORR Southern Section was in 
conflict with these documents but were used to inform the impact assessment and identify mitigation 
measures that are in keeping with policy intent.  

Yalinda Bridge 

The visual impact assessment advises that the proposed grade-separated interchanges would be in conflict 
with the natural landform as would imposing cut and fill batters, retaining walls and new elevated 
structures to areas surrounding the interchange for Landscape Unit 3.  The LVIA also assessed the impact 
from Viewpoint location 10.  

This visual impact assessment provides important information that is progressed through to detailed design 
and the Urban Design Landscape Framework, particularly the mitigation measures proposed in Section 
8.1.1 of the LVIA that ‘proposed planting appears to be in keeping with the existing landscape characteristic, 
however further recommendations provided later in the report provide guidance on placement for better 
integration.’  

Since the publication of the Updated Referral Document, Main Roads has made changes to the Proposal to 
reduce visual impacts through: 

• The sinking of the road through Gelorup near Yalinda Drive up to 1.5 metres over a length of 800 
metres. This sinking will reduce the height of Yalinda Drive overpass and approaches. Retaining 
walls will be used to ensure additional clearing to accommodate the sinking is not required. The 
sinking of the road may result in compromises to fauna underpasses under the road, and therefore 
further design work is required to understand these impacts. 

• Visual impacts being reduced further within the Gelorup Section by establishing screening walls 
along Yalinda Drive between Eucalypt Drive and Woods Road. 

Clearing of native vegetation 

The LVIA is aligned with advice in the ARI that construction of BORR Southern Section will require clearing 
of native vegetation.  The Updated Referral Document details the vegetation type, condition and area 
impacted.  The LVIA advises that the Proposal includes cut and fill batters and grade-separated 
interchanges within low-lying and dunal areas as being uncharacteristic within the existing landscape 
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context.  The Assessment goes on to advise that this could be partially mitigated with sensitive landscape 
and urban design in relation to planting, wall placement and batter slopes and concludes that due to the 
extent of proposed screening vegetation, as planting matures over time, many built form elements 
associated with the Proposal would likely be visually mitigated. 

Landscape impact 

The LVIA confirms that in certain locations, particularly Landscape Units 3 and 4, Gelorup that the 
construction of BORR Southern Section has the potential to have a High to Moderate impact to visual 
amenity.  Changes to the design since the publication of the Updated Referral Document and mitigation 
measures both in the LVIA and ULDF will mitigate these impacts to a large extent.  

 

No. Submission and/or issue 

90 See full submission ANON-XUSG-UCMW-3 and the attached Noise Report and provide Main 
Roads’ response. 

Table 1 of the noise report provided (Acoustic Engineering Solutions, 2020) indicates a weekday 
average of 43 dB LAeq(Day) and 38 dB LAeq(Night) at the submitter’s property. These results are 
within those expected from a residential area currently subject to limited traffic noise. These results 
are aligned with those reported at the monitored property located across the road, which recorded 
similar noise levels of 43 dB LAeq(Day) and 36 dB LAeq(Night). The five sites monitored for noise levels 
informed the noise model that was developed for the noise modelling assessment undertaken for the 
BORR Southern Section environmental assessment, (Lloyd George Acoustics, 2020), Appendix C of the 
ARI.  

For a new road project, State Planning Policy 5.4 allows a noise level of 55 dB LAeq(Day) and 50 dB 
LAeq(Night) from the road and this will be the basis for the noise mitigation design. 

The results of the noise assessment following the construction of BORR indicate that the noise levels 
at submitter’s property are not expected to exceed the outdoor noise targets of 55 dB LAeq(Day) and 
50 dB LAeq(Night). Accordingly, noise walls are not proposed for this location. The noise report 
provided makes no determinations on predicted exceedances at the property. 

With respect to the other topics raised by the submission: 

• Visual amenity impacts in Gelorup are addressed in response to public submission No. 37, No. 85 
and No. 89 

• Light pollution impacts are addressed in response to public submission No. 86  

• Dust pollution impacts are addressed during construction through the implementation of dust 
suppressions measures as per the CEMP 

• Impacts on rainwater tanks and water supply are addressed in response to public submission No. 
87   

• Clearing of 71.5 hectares of native vegetation (reduced from that stated in the Updated Referral 
Document as detailed in the Section 43a request submitted 9 August 2021) versus other 
alternatives is addressed in response to public submission No. 1    

• Clearing impacts on the western ringtail possum and the black cockatoos as MNES, which is 
addressed in response to public submission No. 16 and covered in detail within the Updated 
Referral Document in Section 4.4.7.1 for WRP and Section 4.4.7.2 for Black Cockatoos, and in the 
Section 43a request.  
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The submission also raises the concern of Main Roads never coming on the submitter’s property.  The 
noise assessment did not require access to every property to assess the impacts of the proposal.  As 
the property immediately opposite from the submitter’s property on the other side of the road 
reserve was monitored, noise monitoring at the submitter’s property was not required.  

 

No. Submission and/or issue 

91 Submitters raise that Gelorup residents living within 200m of this major freeway and are at 
risk of developing long term, chronic health conditions due to pollution from vehicles. See 
page 38 of FOG submission. 

The Air Quality Assessment (BORR IPT, 2020g) modelled potential changes in air quality as a result of 
the traffic numbers predicted to travel on BORR South. The assessment criteria were: 

• National Environment Protection Measure 

• World Health Organisation. 

The air quality assessed potential increases in the pollutants, CO, NO2, PM10, PM2.5 and Volatile 
Organic Compounds (VOC’s). Air quality modelling was undertaken for two scenario’s, 2019 and 2041. 
Modelling results predicted that maximum predicted concentrations for all pollutants were below the 
relevant assessment criteria. 

The assessment also found that there had been five recorded exceedances of PM10, and PM2.5 in 2016, 
2017 and 2018, and nine exceedances in 2015, each of which were attributable to bushfires, local burn 
offs or controlled burns in the Bunbury region. 

 

No. Submission and/or issue 

92 Submitters have raised concerns that road closures and new interchanges will permanently 
impact the social connectivity of the communities of Stratham and Gelorup. Submitters have 
concerns with the Socio-Impact Assessment (KPMG, 2019) undertaken, in particular 
consultation has been inadequate. See page 39-41 of FOG submission and page 21 of Shire of 
Capel submission. 

Maintaining connectivity for local communities is a major priority for BORR. The Yalinda Drive Bridge is 
proposed to maintain connectivity and accessibility between the areas of Gelorup north and south of 
BORR. The Centenary Road upgrade maintains connectivity along Lilydale Road and potential 
secondary access for the residents along Jules Road. Connectivity will be maintained for Stratham to 
Bussell Hwy at Jaymon Road and Lakes Road.  

The BORR Local Access Strategy was finalised during development of the Proposal and informed 
through extensive consultation with the local community. This included a local access strategy 
workshop held in Gelorup in July 2019, to gather community feedback regarding the potential changes 
required to local access arrangements around the Gelorup and Stratham area as part of the Proposal. 

Further information on how the southern section access strategy was developed and influenced 
through community feedback can be found on the Main Roads website: 
https://www.mainroads.wa.gov.au/globalassets/projects-initiatives/projects/regional/bunbury outer-
ring-road/borr-south-local-access-strategy-november-2019-1. pdf. 

Amenity through Gelorup will be further considered during the detailed design stage. Visual amenity is 
also a key consideration of the Urban and Landscape Design Framework that has been prepared for 
the BORR Proposal.  

https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.mainroads.wa.gov.au%2Fglobalassets%2Fprojects-initiatives%2Fprojects%2Fregional%2Fbunbury%25C2%25AD%2520outer-ring-road%2Fborr-south-local-access-strategy-november-2019-1.%2520pdf&data=04%7C01%7CFionnuala.Hannon%40ghd.com%7Cde677b0075414e33745608d8b77857c0%7C5e4e864c3b824180a5155c8fb718fff8%7C0%7C0%7C637461074836754069%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=deaW%2BtjBRljEQ%2FxTxGv%2Fedc5hYouo87Mxe9B4VdtYo8%3D&reserved=0
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.mainroads.wa.gov.au%2Fglobalassets%2Fprojects-initiatives%2Fprojects%2Fregional%2Fbunbury%25C2%25AD%2520outer-ring-road%2Fborr-south-local-access-strategy-november-2019-1.%2520pdf&data=04%7C01%7CFionnuala.Hannon%40ghd.com%7Cde677b0075414e33745608d8b77857c0%7C5e4e864c3b824180a5155c8fb718fff8%7C0%7C0%7C637461074836754069%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=deaW%2BtjBRljEQ%2FxTxGv%2Fedc5hYouo87Mxe9B4VdtYo8%3D&reserved=0
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Since the publication of the Updated Referral Document, Main Roads has made changes to the Proposal to 
reduce visual impacts through: 

• The sinking of the road through Gelorup near Yalinda Drive up to 1.5 metres over a length of 800 
metres. This sinking will reduce the height of Yalinda Drive overpass and approaches.  

• Visual impacts being reduced further within the Gelorup Section by establishing screening walls 
along Yalinda Drive between Eucalypt Drive and Woods Road. 

• Community connectivity will also be improved within the Gelorup Section through: 

o installing a new pedestrian underpass at Woods Road to connect to local roads and walk trails. 
o building walking trails primarily utilising previously cleared areas that connect underpasses, 

bridges, local roads, remnant bush areas, including along firebreaks on BORR boundaries, and 
to the large tuart tree, where a viewing area will be established. 

o establishing a walking trail under the Five Mile Brook Bridge to connect the northern and 
southern sections of Gelorup. 

Main Roads commissioned KPMG to conduct an independent Socio-Economic Impact Assessment, and 
not a socio-connectivity assessment.  Therefore, the consultation undertaken by KPMG while 
preparing the Socio-Economic Assessment was not focused on the impacts of individual local road 
amendments as the assessment was intended to provide a holistic view of the Proposal’s long term 
effects to the Greater Bunbury region. KPMG conducted targeted stakeholder consultation with local 
government authorities, regional economic development bodies, industry associations, local 
businesses, social infrastructure providers, as well as community members. 

 

4.6. Offsets 

No. Submission and/or issue 

93 A proposed excellent offset for clearing of BORR good vegetation is part of Mininnup Tuart 
Forest National Park under management of DBCA. This is a mixed forest area including Tuarts 
and Banksias, both now recognised as TEC. There are also Jarrah and Marri trees in this forest 
and identified over 90 Australian native shrub species. See full details in ANON-XUSG-UC9X-G 
submission. 

The advice is noted and will be considered by Main Roads should additional offsets be required for this 
and other Proposals should it be supported by the EPA, DBCA and DAWE.  

 

No. Submission and/or issue 

94 Some of the proposed offsets will become Regional Open space in the GBRS. However 
previously offset land which is now the Kalgalup Regional Park will be being partly cleared to 
build the Northern BORR. Has the vegetation within the Kalgurup Regional Park that is 
proposed to be cleared been used previously for an offset?  

What assurances does the public have that MRWA will protect and manage these offset areas 
responsibly, and not just destroy them for future development at a later date? 

As discussed in EPAS Comment No.3, Potential impacts to Kalgulup Regional Park at the interchange of 
Centenary Road with Bussell Highway would be up to 0.25 ha. While the August 2020 Kalgulup 
Regional Park draft management plan shows the boundaries of the park indented at the interchange 
to provide capacity for the interchange improvements, the plan and park boundaries are not yet final. 
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Direct impacts of BORR on the Park would be minimal in nature based on the draft Park planning 
documents. Revision of the BORR infrastructure during detailed design will be undertaken to further 
minimise impacts to the maximum extent where practicable. 

Main Roads is legally required to fulfil offset requirements that are prescribed as conditions under the 
Environmental Protection Act. The compliance with prescribed conditions can be audited by the EPA 
at any time. 

 

No. Submission and/or issue 

95 The Proponent has failed to undertake additional site assessment and is not able to confirm 
that Offset 1, Offset 2 and Offset 5 conforms to the appropriate vegetation type for WRP 
habitat, although explicitly states in the documentation that these assessments should have 
already occurred by now, scheduled for Spring/late 2020 (Offset Strategy, page 38). See page 
15 CCWA submission. 

Main Roads has completed fauna assessments for all proposed land acquisition Offset sites. Results 
are as follows, as detailed in the Updated Offset Strategy. 

Offset 1 (Lots 153, 267 and 268 Ducane Road, Gelorup) provides the following offset values for the 
BORR Southern Section: 

• 92 ha of Banksia Woodland TEC / PEC  

• 126.0 ha of WRP and BTP habitat  

• 124.1 ha of high quality foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s 
Cockatoo 

These properties form a component of the ‘Dalyellup/Gelorup/Crooked Brook Ecological Linkage’ 
identified by the EPA in their assessment of the GBRS (EPA, 2003). 

Offset 2 (Lot 1 Ducane Road) has been shown have the following environmental values: 

• 38.5 ha of WRP and BTP habitat  

• 37.7 ha of potential foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo  

Offset 2 also forms a component of the ‘Dalyellup/Gelorup/Crooked Brook Ecological Linkage’ 
identified by the EPA in their assessment of the GBRS (EPA, 2003). 

Offset 3 (Lot 156 Marchetti Road) has been shown have the following environmental values: 

• 8.5 ha of Banksia Woodlands TEC / PEC  

• 14.2 ha of WRP and BTP habitat (Biota, 2021b) 

• 9.7 ha of foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo  

Furthermore, Offset 3 is traversed by Five Mile Brook which creates a vegetated linkage to LGA 
managed reserves within the Gelorup area to the north west. 

Offset 5 (Lot 27 Tredrea Road, Myalup) has been confirmed to contain more than 20 ha of Tuart 
Woodlands TEC / PEC. Main Roads proposes a 20 ha portion of Lot 27 Tredrea Road, Myalup to address the 
BORR Southern Section offset requirements for Tuart Woodlands TEC / PEC. As this Offset is not proposed 
to counterbalance impacts to WRP, the value of the vegetation as habitat for WRP is not relevant.  
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No. Submission and/or issue 

96 Offset 1- The site has not yet been assessed for Banksia TEC. A 20-year maximum for 
management of the site is not long-term and is inadequate. What is the minimum? Offset 2 
and 3 are not yet purchased and so should not be included. Again, the presence of Banksia 
TEC has not been confirmed. 20 years is not long-term. Offset 5 – What exact measures will 
be put in place to protect this lot from 4WD access and illegal rubbish dumping? It has not 
been assessed for Tuart TEC. 

For all proposed offsets, the 20-year timeframe is a minimum offset input for the period of risk 
mitigation actions as used in the offset calculator. 

Offset 1 

The vegetation and TEC assessment was completed in spring 2020 and Main Roads expects the survey 
report to be available in Q1 2021. 

Offset 2 

Offset 2 has not come to fruition and Main Roads has instead is in the final stages of acquiring Lot 1 Ducane 
Road, Gelorup which directly abuts the BORR Southern Section alignment (Plate 13, EPAS comment No. 40 
above). Lot 1 totals 40.5 ha and has been confirmed to contain the following relevant environmental 
values: 

• 38.5 ha of WRP and BTP habitat (Biota, 2021b) 

• 37.7 ha of potential foraging habitat for Forest Red-tailed Black Cockatoo and Carnaby’s Cockatoo. 

Refer to the Updated Offset Strategy for more information. 
 

Detailed field surveys of this alternative will be conducted in the near future, although previous (2014) 
assessment of the Offset 2 alternative has identified the occurrence of Banksia woodland within the 
property. Fauna survey and fauna habitat assessment of the Offset 2 alternative is proposed to be 
conducted in the Q1 2021 with the results expected in Q2 2021. 

Offset 3 

The acquisition of Offset 3 has progressed since the preparation of the Updated Referral Document 
and has now been completed. See Public submission No. 95. 

The vegetation and TEC assessment of Offset 3 was completed in spring 2020 and Main Roads expects 
the survey report to be available in Q1 2021. Fauna survey and fauna habitat assessment of the Offset 
3 is proposed to be conducted in the Q1 2021 with the results expected in Q2 2021. 

Offset 5 

The Tuart TEC assessment of Offset 5 was conducted in Q1 2021 and confirmed to contain more than 
20 ha of Tuart TEC / PEC. Site management will include replacement of damaged fencing and gates, 
removal of existing rubbish, weed control and possibly revegetation works. 
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No. Submission and/or issue 

97 It appears from Google Earth that other block in this vicinity is mined for sand. What 
guarantee is there that MRWA will not clear this block for road material extraction in the 
future, particularity given the 20 years maximum offset management? 

Statement of protection of offsets in perpetuity and Main Roads confirmation that no offset sites 
would be considered as potential sites for road materials.  

 

No. Submission and/or issue 

98 The extremely low success rate of translocation efforts is not adequately disclosed by the 
Proponent in Appendix H, Offset Strategy. In relation to Offset 1 and Offset 2, the Proponent 
has proposed that ‘ongoing site management (maximum 20 years) will include fencing and 
access management’ (Offset Strategy, page 38) however has not discussed the effectiveness 
of this in other translocation efforts. See page 15 of CCWA submission. 

Offset sites are proposed for sites where WRP are already utilising habitat and to maintain or improve 
the quality of habitat designated as an offset. No translocation is proposed associated with any of the 
offset sites proposed by Main Roads. 

 

No. Submission and/or issue 

99 Submitters contend that MRWA has not fully considered or thoroughly investigated the 
avoidance of environmental impacts before considering other components of the mitigation 
hierarchy. Further, submitters contend that MRWA approach is inconsistent with the 
outcomes of the Independent Review on the EPBC Act which identified that in practice, 
offsets are often a default negotiating position, and a standard condition of approval, rather 
than only used to address unavoidable/residual impacts. The review has noted proposals 
where Proponents have placed linear infrastructure through habitat, rather than considering 
all opportunities to site it through adjacent already disturbed or cleared lands. For e.g. see 
page 32 of FOG submission and page 15 of CCWA submission. 

The BORR Southern Section Proposal has been developed to minimise environmental impacts. Offsets 
are not a default negotiation position in this case as after impact avoidance potential residual impacts 
remain. 

Main Roads, through the alignment selection process, environmental assessment of the preferred and 
alternative alignment, and design refinement that has been completed during the planning phase 
continuing through to final design have contributed to efforts to avoid impacts to date and that will 
continue through to the construction of the Proposal. The first effort in all Main Roads Proposals is to 
avoid impacts in the first instance. Avoidance is based on continuing survey and characterisation of 
the environment to ensure the highest value habitats and vegetation communities are protected and 
avoided. 

At the same time the feasibility and functional requirements of the Proposal will result in some 
impacts on the environment. This would occur regardless of the selected alignment. Main Roads has 
made every effort to derive a feasible Proposal that utilises previously cleared land for the proposal. 
The Alternative alignment process was not required but was undertaken by Main Roads to challenge 
the viability and environmental impacts of the previously designated road reserve for BORR South. 
Main Roads determined through the alternative alignment analysis that alternative alignments had 
proportional impacts on the environment with different weight on specific environmental values and 
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did not provide the functional value of the original Road Reserve. Accordingly, the GBRS Alignment has 
been advanced as the Proposal and ongoing design refinements of the Proposal will continue to avoid 
and minimise impacts on the environment wherever possible. 

No. Submission and/or issue 

100 According to the Offsets Strategy (p. 39, (BORR IPT, 2020h)) five properties have been 
identified as offset. Two properties are not yet owned by MRWA, and one has not been 
assessed for the presence or quality of Banksia or Tuart Woodlands TEC/PEC. How can MRWA 
quantify this offset with any confidence if they don’t know the values? See page 32 of FOG 
submission. 

The status of currently proposed offsets is described in detail under Public Submission No. 95 and No. 
96 and in the Updated Offset Strategy. Main Roads has developed an Offset Strategy that adequately 
addresses the residual impact of the Proposal for approval of EPA and DAWE.  

No. Submission and/or issue 

101 Submitters raise that the Independent Review on the EPBC Act states that “Offset conditions 
are not adequately monitored and efforts to enforce compliance are weak. There is no 
transparency of the location, quality or quantity of offsets. There is no 'register of offsets' 
and, in the absence of such a tool it may well be possible that the same area of land has been 
'protected' more than once” (p.88). 

MRWA plans to preserve and manage these offset areas into the future (p.39 BORR IPT, 
2020). Some of these offsets will become Regional Open space in the GBRS. However 
previously offset land which is now the Kalgalup Regional Park will be being partly cleared to 
build the Northern BORR. (Figure 29). With no genuine accountability or audit, what 
assurances does the public have that MRWA will protect and manage these offset areas 
responsibly, and not just destroy them for future development at a later date? 

Main Roads follows EPA, DBCA, and Commonwealth policy with regard to offsets, with the offsets to 
be managed by DBCA in perpetuity. Records are maintained of required management actions for 
maintaining offset properties. 

As discussed in EPAS Comment No.3, Potential impacts to Kalgulup Regional Park at the interchange of 
Centenary Road with Bussell Highway would be up to 0.25 ha. While the August 2020 Kalgulup Regional Park 
draft management plan shows the boundaries of the park indented at the interchange to provide capacity 
for the interchange improvements, the plan and park boundaries are not yet final. Direct impacts of BORR 
on the Park would be minimal in nature based on the draft Park planning documents. Revision of the BORR 
infrastructure during detailed design will be undertaken to further minimise impacts to the maximum extent 
where practicable. 

No. Submission and/or issue 

102 The submitter raises concerns that the offset is not appropriate as the existing WRP habitat is 
considered to have low value and the proponent states the time taken for ecological benefit 
is 10 years. 
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The Commonwealth offset calculator takes into account the weight of lower value and delayed offsets 
with respect to impacts and accordingly decreases the functional scoring of offset value. As such, 
where Main Roads is acquiring such properties, more areal extent of offset is required in order to 
satisfy the offsetting of impacts. 

It is worth noting that such offsets are part of a holistic package of properties with a wide range of 
ecological values and conditions and that Main Roads has preferentially acquired higher value offsets. 

 

4.7. Consultation 

No. Submission and/or issue 

103 Who were the participated representatives of all relevant stakeholders? Did the community 
of Gelorup receive fair and equitable representation at CRG meetings or any of the number of 
meetings which involved shire representatives only? 

A total of seven reference groups were established to provide advice throughout the concept design 
phase of work for BORR. These reference groups were: 

• Project Enabling Group 

• Regional Local Government Advisory Group 

• Freight and Road User Group 

• Economic Advisory Group 

• Northern and Central Community Reference Group 

• Southern Community Reference Group (CRG). 

The Southern CRG membership represented: 

• Local residents 

• Directly affected landowners 

• Representatives from the Friends of Gelorup Corridor 

• A representative from the South West Environment Centre 

• The South West Orchid Propagation and Restoration Incorporation 

• Observers from the Gelorup community were invited to attend CRG meetings.  

To achieve fair and equitable representation on the CRG, nominations for membership were invited 
from residents, local businesses and community groups via print advertising in the local media, the 
project website and a Click Dimension broadcast to project subscribers.  

All applications were considered and all those who nominated were accepted. There were 
approximately 30 members in the BORR Southern Section CRG.  

The inaugural meetings were held in July 2018 and the Terms of Reference were presented for 
comment and group endorsement. As part of the Terms of Reference, members were permitted to 
nominate a proxy representative for meetings where they were unable to attend. 

The meetings were independently facilitated by Linton Pike & Associates. Senior members of the 
BORR Project Team attended each session, held locally, to provide technical advice and updates on 
progress and respond to questions or concerns raised by members. Wherever possible, an agenda and 
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background materials were provided to CRG members five working days before the meeting and 
summary notes issued ten working days following the session.  

Presentations delivered by the BORR Team were provided electronically (PDF) to CRG members and 
made available to the general public via Main Roads’ project website post session.  

Initially, the CRG was expected to meet on six occasions scheduled to coincide with program 
milestones. However, in response to early requests from the CRG members, the meeting frequency 
was increased to monthly to provide more time to discuss the range of issues.  

In March 2019 the BORR Southern Section CRG went into recess pending a decision on the corridor 
selection and reconvened in June 2019. The Southern CRG held its final meeting in December 2019. A 
total of 11 meetings were held with the BORR Southern Section CRG.  

 

4.8. Other 

No. Submission and/or issue 

104 How long does MRWA consider the road will support increasing car use? 

One of the objectives of the BORR proposal is to separate local traffic from regional traffic, including 
heavy vehicles. By addressing this objective, the BORR proposal will accommodate future long-term 
traffic demands for many decades to come (2050+) and forms part of the ultimate Primary Regional 
Road network. 

The BORR has been planned to accommodate traffic generated by a future population of 200 000 
individuals, predicted to be reached by 2050 within the Greater Bunbury region and an increasing 
volume of traffic between the metropolitan area and the south west region.  

 

No. Submission and/or issue 

105 Has MRWA considered the train to Busselton (that is now being promised coming to an 
election) and the need for an existing corridor which will not fit in the Gelorup Corridor? 

Future rail was considered during the planning and development phases of the BORR Proposal. During these 
processes the Public Transport Authority (PTA) advised that rail planning surrounding Bunbury is in its early 
stages with no current plan for rail south of Bunbury. In 2020, the WA Government announced its intention 
to fund a feasibility study to determine potential alignments for the Perth to Bunbury fast train.  

Provision for a potential fast rail corridor has been in the BORR concept design at the northern 
interchange of Forrest Highway where the rail corridor deviates to follow Forrest Highway to Bunbury. 
There is no provision for a rail corridor within the Gelorup Corridor.  

There are a number of potential rail corridors (separate to the BORR corridor) that could be considered in 
the future should rail south of Bunbury ever be considered.  

 

No. Submission and/or issue 

106 Has the proponent considered trucks and transport needs to the future port? This road will 
not be suitable for long term needs. 
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One of the objectives of the BORR proposal is to separate local traffic from regional traffic, including heavy 
vehicles. By addressing this objective, the BORR proposal will accommodate future long-term traffic demands 
for many decades to come (2050+) and forms part of the ultimate Primary Regional Road network. 

Heavy vehicle access to the Bunbury port is available through several routes including via the BORR 
and the Port Access Road. The BORR will be a controlled access and grade separated highway 
providing improved heavy vehicle efficiency as well as safety benefits by removing potential conflicts 
at intersections and minimising interactions with local traffic. 

Traffic volumes and vehicle types projected for freight movements to and from the Port were 
modelled as part of the BORR Northern and Central Sections and BORR Southern Section planning 
process. This modelling included projections of freight vehicle type and traffic volume.  

The results of the modelling were used to inform the planning of road width, design of interchanges 
and other access considerations for BORR. BORR has made provision for RAV 7 access and accounted 
for the freight link projections connecting Bussell Highway, Forrest Highway and South West Highway 
to Bunbury Port.  

As a result of traffic modelling, it is reasonably projected that the function of BORR will be suitable for 
the longer term.  

No. Submission and/or issue 

107 The Shire of Capel strongly requests that all the giant trees registered with the National 
Register of Big Trees that could not be otherwise avoided, should the road proceed on the 
alignment through the Gelorup Corridor, be relocated to the Michael Tichbon Park, or other 
safe and appropriate location in Gelorup. The Shire notes the precedent for this requirement 
was established by MRWA when it relocated the 36 tonne Giant Boab 'Gija Jumulu' 3,200km 
from the Kimberley to Kings Park while constructing the Great Northern Highway. 

Of the six trees registered with the National Register of Big Trees, four trees occur outside the clearing 
footprint and therefore will not be impacted by BORR. Main Roads has made every effort to avoid 
impacting the two registered Trees within the Development Envelope including re-aligning the original 
alignment to avoid impacting the Giant Tuart (Grey Giant). As a result of this effort, two trees 
registered with the National Tree Register will be impacted. These two are WA Christmas Trees, 
Nuytsia floribunda. Aborists advise that these trees are highly unlikely to survive being transplanted 
and therefore Main Roads will not attempt transplant.  

No. Submission and/or issue 

108 Will there be traffic lights coming out of Stratham on Jaymon Road onto Bussell Highway? 

There are no plans to install traffic lights at the Jaymon Road / Bussell Highway intersection. This 
intersection will remain as full movement as part of the project, with minor improvements to right 
turn out of Jaymon Rd. 

No. Submission and/or issue 

109 Environmental impacts associated with sourcing materials for the proposal should be 
included as part of the proposal. 
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Sourcing material required for the construction of BORR Southern Section is not included in the 
Project description and therefore was not assessed as part of the BORR Southern Section 
environmental approval assessment process. The environmental impacts presented in the referral 
documents for BORR Southern Section reflect the potential direct and indirect impacts the Proposal 
may have on the relevant environmental factors as a result of the construction and operation of the 
Project.  

Proponents proposing to provide base raw materials (ie sand) for this Proposal, must apply for an 
Extractive Industry Licence under the Planning and Development Act 2005 to their local government 
authority for assessment and approval. All extractive industry proposals are subject to the provisions 
of the EP Act for clearing applications (s51A) and the AH Act.  

 

No. Submission and/or issue 

110 A holistic assessment was not undertaken.  

Following referral of the BORR Southern Section Proposal under s38 of the EP Act, the EPA advised 
that the level of assessment for BORR Southern Section was ‘Referral Information’ (s39A(2)(a)) with 
additional information (s40(2)(a)), 7 October 2019.  

The document providing the Additional Information, includes a Holistic Impact Assessment, Chapter 7. 
Chapter 7 found that the preliminary environment and social impact studies undertaken adequately 
considered the potential impacts at both local and regional scales and that these results have 
informed the impact assessment and development of mitigation measures.  
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Executive Summary
The Commissioner of Main Roads Western Australia (Main Roads) is planning for the construction of the
Bunbury Outer Ring Road (BORR) project. The BORR is a planned Controlled Access Highway linking the
Forrest Highway and Bussell Highway and will provide a high standard route for access to the Bunbury Port
and facilitating proposed development to the east of the City of Bunbury. The completed BORR will also
provide an effective bypass of Bunbury for inter-regional traffic.

BORR forms a major component of the planned regional road network for the Greater Bunbury area and
will link the Forrest Highway north of Bunbury to Bussell Highway to the south of the City. The land
requirement for BORR was identified in the draft Greater Bunbury Region Scheme (GBRS), with the route
advertised to the broader community as part of the GBRS assessment. The GBRS was effected in November
2007, after being passed through Parliament, and gazetted in January 2008.

The proposed BORR comprises three sections:

 ‘BORR Northern Section’ – Forrest Highway to Boyanup-Picton Road

 ‘BORR Central Section’ – Boyanup-Picton Road to South Western Highway, an existing 4 km section
which was completed in May 2013, along with a 3 km extension of Willinge Drive southwards to
South Western Highway

 ‘BORR Southern Section’ – South Western Highway (near Bunbury Airport) to Bussell Highway.

This study refers to the BORR Southern Section only.

Main Roads commissioned the BORR Integrated Planning Team (IPT) to undertake a Wetland Study for the
BORR Southern Section following the alignment outlined in the GBRS. The purpose of this assessment was
to delineate key wetland values within the Survey Area.

This report is subject to, and must be read in conjunction with, the limitations and assumptions contained
throughout the report.

Key findings

The Wetland Study applied the methods outlined in the Department of Biodiversity Conservation and
Attractions (DBCA) wetland evaluation guidelines to evaluate the current management category for 27
Geomorphic Wetlands intercepted by the Survey Area. The evaluation was informed by the results of
desktop and field assessments undertaken as part of the study.

It is considered, based on an assessment of the current wetland management category, as shown in the
Geomorphic Wetlands Swan Coastal Plain dataset (GoWA, 2019) that the current management categories
assigned to the Geomorphic Wetlands within the Survey Area are appropriate.
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1 INTRODUCTION

1.1 Project background

The Commissioner of Main Roads Western Australia (Main Roads) is planning for the construction of the
Bunbury Outer Ring Road (BORR) project. The BORR is a planned Controlled Access Highway linking the
Forrest Highway and Bussell Highway and will provide a high standard route for access to the Bunbury Port
and facilitating proposed development to the east of the City of Bunbury. The completed BORR will also
provide an effective bypass of Bunbury for inter-regional traffic.

BORR forms a major component of the planned regional road network for the Greater Bunbury area and
will link the Forrest Highway north of Bunbury to Bussell Highway to the south of the City. The land
requirement for BORR was identified in the draft Greater Bunbury Region Scheme (GBRS), with the route
advertised to the broader community as part of the GBRS assessment. The GBRS was effected in November
2007, after being passed through Parliament, and gazetted in January 2008.

The proposed BORR comprises three sections:

 ‘BORR Northern Section’ – Forrest Highway to Boyanup-Picton Road

 ‘BORR Central Section’ – Boyanup-Picton Road to South Western Highway, an existing 4 km section
which was completed in May 2013, along with a 3 km extension of Willinge Drive southwards to
South Western Highway

 ‘BORR Southern Section’ – South Western Highway (near Bunbury Airport) to Bussell Highway.

This study refers to the BORR Southern Section only.

1.2 Purpose of this report

This report documents the wetland assessment and presents results from desktop and field assessments
undertaken to identify the likely impacts on wetlands within the Survey Area.

1.3 Survey Area

The Survey Area is located approximately 10 km south of Bunbury in the Shire of Capel and City of Bunbury
and covers 298 hectares (ha). The Survey Area commences to the west of the intersection of the existing
BORR Central Section and South Western Highway in the north and ties into Bussell Highway terminating to
the south of Jaymon Road Figure 1. This area includes existing road reserves, agricultural land and native
vegetation.

1.4 Limitations and assumptions

This report: has been prepared by Bunbury Outer Ring Road Integrated Project Team (BORR IPT) for Main Roads and may
only be used and relied on by Main Roads for the purpose agreed between BORR IPT and the Main Roads as set out in
section 1.2 of this report.

BORR IPT otherwise disclaims responsibility to any person other than Main Roads arising in connection with this report.
BORR IPT also excludes implied warranties and conditions, to the extent legally permissible.

The services undertaken by BORR IPT in connection with preparing this report were limited to those specifically detailed in
the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered and information
reviewed at the date of preparation of the report. BORR IPT has no responsibility or obligation to update this report to
account for events or changes occurring subsequent to the date that the report was prepared.
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The opinions, conclusions and any recommendations in this report are based on assumptions made by BORR IPT described in
this report. BORR IPT disclaims liability arising from any of the assumptions being incorrect.

BORR IPT has prepared this report on the basis of information provided by Main Roads and others who provided information
to BORR IPT (including Government authorities)], which BORR IPT has not independently verified or checked beyond the
agreed scope of work. BORR IPT does not accept liability in connection with such unverified information, including errors and
omissions in the report which were caused by errors or omissions in that information.

The opinions, conclusions and any recommendations in this report are based on information obtained from, and testing
undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be different from
the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as the location of
buildings, services and vegetation. As a result, not all relevant site features and conditions may have been identified in this
report.

Site conditions (including the presence of hazardous substances and/or site contamination) may change after the date of
this Report. BORR IPT does not accept responsibility arising from, or in connection with, any change to the site conditions.
BORR IPT is also not responsible for updating this report if the site conditions change.

BORR IPT has prepared this report on information provided by Main Roads and others who provided information to BORR
IPT (including government authorities), which BORR IPT has not independently verified or checked beyond the agreed scope
of works. BORR IPT does not accept liability in connection with unverified information, including errors and omissions in the
report which were caused by errors or omissions in the technical information.

The opinions, conclusions and any recommendations in this report are based on information obtained from, and testing
undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be different from
the site conditions found at the specific sample points.

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as the location of
infrastructure, services and vegetation, and access. As a result, not all relevant site features and conditions may have been
identified in this report.

Site conditions may change after the date of this Report. BORR IPT does not accept responsibility arising from, or in
connection with, any change to the site conditions. BORR IPT is also not responsible for updating this report if the site
conditions change.

This report has assessed the environmental impact within the Survey Area, as shown in Figure 1. Should the Project Area
change or be refined, further assessment may be required.
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1.5 Relevant legislation

In Western Australia, wetlands are protected under both Australian Government and State legislation. Key
relevant environmental legislation has been outlined in Table 1.

Table 1 Key environmental legislation relevant to the Survey Area

LEGISLATION RESPONSIBLE AGENCY ASPECT

Commonwealth legislation

Environment Protection and
Biodiversity Conservation Act
1999

Department of the Environment and
Energy (DotEE)

Matters of National
Environmental Significance
including threatened flora and
fauna

Native Title Act 1993 National Native Title Tribunal Native title

State legislation

Aboriginal Heritage Act 1972 Department of Lands, Planning and
Heritage (DPLH)

Archaeological and
ethnographic sites

Biodiversity Conservation Act
2016

Department of Biodiversity, Conservation
and Attractions (DBCA)

Protection of native flora and
fauna

Biosecurity and Agricultural
Management Act 2007

Department of Primary Industries and
Regional Development (DPIRD)

Weeds and feral animals

Conservation and Land
Management Act 1984

DBCA Use, protection and
management of public lands
and waters and its flora and
fauna

Environmental Protection Act
1986

Environmental Protection Authority (EPA)
(Part IV)
DWER (Part V)

Environmental impact
assessment and management

Environmental Protection
(Clearing of Native Vegetation)
Regulations 2004

DWER Clearing of native vegetation

Heritage of Western Australia Act
1990

Heritage Council of Western Australia European heritage protection

Land Administration Act 1997
Department of Regional

DPLH Administration of State Land

Rights in Water and Irrigation Act
1914

DWER Access to and use of water
resources; protection and
management of river flows and
drainage

Soil and Land Conservation Act
1945

DPIRD Protection of soil and
prevention/management of soil
erosion
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In addition, the protection and conservation of wetlands in Australia is promoted through participation by
the Australian Government in international conventions and agreements (DotEE, 2019b) including:

 Ramsar Convention on Wetlands
 Convention on the Conservation of Migratory Species of Wild Animals (Bonn Convention)
 Agreement on the Conservation of Albatrosses and Petrels (ACAP)
 Japan-Australia Migratory Bird Agreement (JAMBA)
 China-Australia Migratory Bird Agreement (CAMBA)
 Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA).

Nationally important wetlands are also identified in the Directory of Important Wetlands in Australia and
National Heritage List (DotEE, 2019b).
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2 METHODOLOGY

2.1 Evaluation of wetlands

The wetland assessment was carried out in accordance with DBCA guidelines ‘A methodology for the
evaluation of wetlands on the Swan Coastal Plain’ (DBCA, 2017). This document provides an evaluation
process for the identification of a wetland management category.

2.2 Desktop assessment

Prior to the commencement of the field survey, a desktop assessment was undertaken to identify relevant
environmental information pertaining to the Survey Area. The desktop assessment involved a review of
datasets outlined in Table 2.

Table 2 Information sources

ASPECT INFORMATION SOURCE

Climate Bureau of Meteorology (BoM) Climate Data Online (BoM, 2019)

Geology, landform and soils DPIRD Soil landscape mapping (GoWA, 2019)

Acid Sulphate Soils DWER Acid Sulfate Soil Risk Map, Swan Coastal Plain (GoWA, 2019)

Land use and reserves DBCA Legislated Lands and Waters (GoWA, 2019)

Environmentally Sensitive Areas DWER Clearing Regulations – Environmentally Sensitive Areas (GoWA, 2019)

Vegetation DPIRD Pre-European Vegetation (GoWA, 2019)
DBCA NatureMap (DBCA, 2007-)

Threatened and Priority Ecological
Communities

DBCA Threatened Ecological Communities (TEC) (GoWA, 2019)
EPBC Act Protected Matters Search Tool (DotEE, 2018)

Conservation Significant Flora and
Fauna

DBCA NatureMap database (DBCA, 2007-)
EPBC Act Protected Matters Search Tool (DotEE, 2018)

Surface water and Groundwater DWER data layers (GoWA, 2019):
- Groundwater Salinity Statewide
- Hydrographic Catchments – Catchments
- Hydrographic Catchments – Sub-catchments
- Public Drinking Water Source Areas
- RIWI Act, Groundwater Areas
- RIWI Act, Rivers
- RIWI Act, Surface Water Areas and Irrigation Districts
- Surface Water Allocation Areas
- Surface Water Allocation Subareas

DBCA data layers (GoWA, 2019):
- Consanguineous Wetlands Suite
- Geomorphic Wetlands, Swan Coastal Plain
- Ramsar Sites

Heritage DPLH Heritage Inquiry System Search Tool (DPLH, 2019)
EPBC Act Protected Matters Search Tool (DotEE, 2018)
State Register of Heritage Places (GoWA, 2019)

Matters of National
Environmental Significance
(MNES)

EPBC Act Protected Matters Search Tool (DotEE, 2018)
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2.3 Vegetation and flora

A detailed vegetation and flora assessment was conducted for the Survey Area (298 ha). Field components
were completed in winter (August) and spring (September and November) 2018 (BORR IPT, 2019).

The survey methodology was undertaken with reference to the Environmental Protection Authority (EPA)
Technical Guidance – Flora and Vegetation Surveys for Environmental Impact Assessment (EPA, 2016) and
the Department of Biodiversity, Conservation and Attractions A methodology for the evaluation of wetlands
on the Swan Coastal Plain (DBCA, 2017).

Field survey methods involved a combination of sampling quadrats and wetland photographic reference
points.

2.4 Aquatic fauna

A targeted survey for conservation significant aquatic fauna was undertaken, during November 2018 by
WRM. The WRM survey targeted the following species using a range of methods:

 Black-stripe Minnow – listed as Endangered under the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act) and State Biodiversity Conservation Act 2016 (BC Act)

 Carter’s Freshwater Mussel (Westralunio carteri) – listed as Vulnerable under the EPBC Act and BC Act

 Western Mud Minnow (Galaxiella munda) – listed as Vulnerable under the BC Act

 Australian Water Rat (Hydromys chrysogaster) – listed as Priority 4 by DBCA.

2.5 Water quality

In situ water quality measurements were recorded at six locations (five creek/ river sites and seven
wetlands) during 20 – 29 November 2018 (WRM, 2018b). The sample locations have been illustrated in
Figure 2.

At each of the WRM (2018b) sites in situ water quality measurements were recorded using portable WTW
and TPS field meters for: water temperature (°C); pH; DO (% and mg/L); and EC (μS/cm).

For the purposes of providing interpretation of ecological state of the surface water within the Proposal
area, the Australian and New Zealand Guidelines for Fresh and Marine Water Quality for South West
Australia Lowland Rivers have been adopted as assessment criteria for this report (ANZECC & ARMCANZ,
2000).

BORR IPT notes the ANZECC and ARMCANZ (2000), now referred to as Australia and New Zealand
Guidelines (ANZG) (2018) and came into effect on 4 September 2018 (ANZG, 2018). Preliminary review of
these guidelines by BORR IPT (and others) has identified a number of discrepancies with ANZECC and
ARMCANZ (2000) which have yet to be clarified. For the purposes of this wetland study, ANZECC and
ARMCANZ (2000) criteria have been adopted until the issues with ANZG (2018) have been resolved.
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2.6 Other information sources

The definition of wetland attributes and functions completed in this study has also been informed by the
results of other studies undertaken including:

 BORR Southern Section Vegetation and Flora Study (BORR IPT, 2019)
 BORR Southern Alternate Alignment: Targeted Conservation Significant Aquatic Fauna Survey (WRM,

2018a)
 BORR South GBRS Alignment Alignment Targeted Fauna Assessment (BORR IPT, 2019)
 An Aboriginal Heritage Survey of the Proposal BORR (Stage 2) at Gelorup, Western Australia (Brad

Goode & Associates, 2012).

2.7 Assessment limitations

2.7.1 Desktop

The EPBC Act Protected Matters Search Tool (PMST) is based on bioclimatic modelling for the potential
presence of species (DotEE, 2018). As such, does not represent actual records of the species within the
area. The records from the DBCA searches of threatened species (flora and fauna) provide more accurate
information for the general area. However, some records of collections, sightings or trappings cannot be
dated and often misrepresent the current range of threatened species.

2.7.2 Field

The EPA (2016) Technical Guide states flora survey reports for environmental impact assessment in WA
should contain a section describing the limitations of the survey methods used. The limitations and
constraints associated with the flora and vegetation field survey are discussed in the Vegetation and Flora
Study (BORR IPT, 2019). Based on this assessment, the present survey effort has not been subject to any
constraints which affect the thoroughness of the assessment and the conclusions which have been formed.
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3 WETLANDS OF THE SWAN COASTAL PLAIN

3.1 Classification of wetlands

3.1.1 Geomorphic wetlands

Wetlands cover more than 25% of the Swan Coastal Plain, with approximately 75% of these occurring as
seasonally waterlogged flats or basins. The geomorphic classification system developed by Semeniuk and
Semeniuk (Semeniuk & Semeniuk, 1995; Semeniuk, 1987) has been used to classify wetlands on the Swan
Coastal Plain into types based on the shape of the host landform and hydrological regime (Table 3).

Table 3 Wetland landform types (DBCA, 2017)

HYDROLOGY WETLAND LANDFORM

Basin Flat Channel Slope

Permanent inundation Lake River

Seasonal inundation Sumpland Floodplain Creek

Seasonal waterlogging Dampland Palusplain Wadi Paluslope

3.1.2 Consanguineous suites

Wetlands on the Swan Coastal Plain have also be grouped into 62 recognised consanguineous suites based
on similar regional features such as “wetland’s classification, geometry, stratigraphy, inferred origin and
hydrology” (DBCA, 2017; Semeniuk, 1988).

3.2 Wetland management categories

Wetlands in the Geomorphic Wetlands Dataset are assigned management categories to guide management
and protection. Wetlands on the Swan Coastal Plain have been assigned either a Conservation, Resource
Enhancement or Multiple Use management category (Table 4).

Table 4 Wetland management categories (DBCA, 2017)

CATEGORY GENERAL DESCRIPTION OBJECTIVES

Conservation Wetlands which support a
high level of attributes and
functions.

To preserve and protect their existing conservation values through
various mechanisms including:

- reservation in national parks, Crown reserves and state
owned land

- wetland covenanting by landowners.
No development or clearing is considered appropriate. These are
the most valuable wetlands and any activity that may lead to
further loss or degradation is inappropriate.

Resource
Enhancement

Wetlands which may have
been modified or
degraded, but still support
substantial attributes and
functions.

To manage, restore and protect towards improving their
conservation value and hydrological/hydrogeological regime.
These wetlands have the potential to be restored or rehabilitated
to Conservation category focusing on wetland functions, structure
and biodiversity value.
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CATEGORY GENERAL DESCRIPTION OBJECTIVES

Multiple Use Wetlands with few
remaining important
attributes and functions.

The use, development and management of these wetlands should
be considered in the context of ecologically sustainable
development and best management practice catchment planning.
Their role in managing the natural hydrological and
hydrogeological regime of the general area should be maintained.
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4 RESULTS

4.1 Climate

The Bunbury area experiences a Mediterranean climate and is characterised by warm, dry summers and
cool, wet winters. Rainfall is largely received during the winter months as a result of cold fronts that
regularly cross the South West coast. The closest BoM weather station is Bunbury (site number 009965)
(BoM, 2019). Climate statistics for the Bunbury weather station have been present in Figure 3.

Figure 3 Climate statistics for Bunbury Weather Station (No. 9965) Mean Annual and 2018

Note: April and May data for Bunbury Weather Station not available at time of writing therefore data from
Australind weather station (No. 9273) has been used instead.

4.2 Hydrology and hydrogeology

Desktop searches of the DWER hydrology datasets were undertaken and are summarised in Table 5.

Table 5 Hydrology queries within the Survey Area (GoWA, 2019)

ASPECT DETAILS COMMENT

Public Drinking Water
Source Areas (PDWSA)

PDWSA is a collective term used for the description
of Water Reserves, Catchment Areas and
Underground Pollution Control Areas declared
(gazetted) under the provisions of the Metropolitan
Water Supply, Sewage and Drainage Act 1909 or the
Country Area Water Supply Act 1947

The Bunbury Water Reserve
lies, predominantly, to the west
of the Survey Area. However
the most western extents of the
Survey Area intersect.

Groundwater Areas Groundwater areas proclaimed under the Rights in
Water and Irrigation Act 1914 (RIWI Act)

The entire Survey Area lies
within the Bunbury
Groundwater Area

Surface Water Areas Surface water areas proclaimed under the RIWI Act None present

Irrigation District Irrigation Districts proclaimed under the RIWI Act None present
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ASPECT DETAILS COMMENT

Rivers Rivers proclaimed under the RIWI Act None present

Waterways
Conservation Act
Management Areas

Areas proclaimed under the Waterway Conservation
Act 1976

None present

Clearing Control
Catchments

Country Area Water Supply Act 1947 Part 2A None present

4.3 Groundwater Dependent Ecosystems

The majority of wetlands and associated vegetation within the Proposal area were identified as having a
moderate to high potential to be groundwater dependent ecosystems (GDE) in the BoM Groundwater
Dependent Ecosystems Atlas. However not all GDEs are solely reliant on groundwater. The Proposal area is
also mapped as likely to be an Inflow Dependence Ecosystem (IDE), reliant on water in addition to rainfall
(BoM, 2018).

The Bunbury area has experienced a declining trend in annual rainfall levels since records began in 1877
with a more pronounced downward trend in recent decades (Figure 4). Declining rainfall has resulted in
reduced recharge to groundwater and surface water runoff to overland waterways, particularly in the last
30 years (BoM, 2019).

Reduced rainfall and groundwater recharge places additional pressure on GDE, which are also often under
additional pressure as a result of clearing, fragmentation, weed invasion and dieback disease.

Figure 4 Bunbury annual rainfall recorded at BoM stations 9514 (1877 to 1985), 9885 (1985 to 1995) and
9965 (1995 to current)
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4.4 Surface water and drainage

The Survey Area lies within the South West Drainage Division (GoWA, 2019). The Survey Area intersects
several water courses, wetlands and other water bodies, including the Five Mile Brook.

Large parts of the Survey Area have been extensively modified for existing roads and agricultural irrigation/
drainage. For the purposes of this report, these irrigation channels are considered part of the agricultural
areas and are not mapped as waterways.

4.5 International and nationally important wetlands

A search of the EPBC Protected Matters Database (DotEE, 2018) did not identify any Ramsar listed,
Directory of Important Wetlands in Australia or National Heritage List (DotEE, 2019) within or in a 5 km
buffer of the Survey Area.

The closest Ramsar listed wetlands to the Survey Area are (GoWA, 2019):

 Peel-Yalgorup System – approximately 31 km to the north of the Survey Area
 Vasse-Wonnerup System – approximately 22 km to the south west of the Survey Area.

4.6 Mapped geomorphic wetlands

Approximately 23.6% of the Survey Area is mapped as geomorphic wetlands, totalling 70.2 ha, and
comprises 27 Geomorphic Wetlands that intersect the Survey Area (GoWA, 2019). These include the
following:

 One Conservation – totalling 0.1 ha and less than 0.1% of the Survey Area
 Five Resource Enhancement – totalling 5.3 ha and 1.8% of the Survey Area
 20 Multiple Use – totalling 64.3 ha and 21.6% of the Survey Area
 One Not Assessed – totalling 0.5 ha and 0.2% of the Survey Area.

The location of the geomorphic wetlands within the Survey Area is provided in Figure 2.

4.7 Mapped consanguineous suites

Four consanguineous wetlands intersect the Survey Area including the following:

 Bennett Brook – totalling 240.6 ha and 80.8 % of the Survey Area.
 Big Swamp – totalling 6.3 ha and 2.1 % of the Survey Area.
 Vasse-Wonnerup – totalling 50.2 ha and 16.9 % of the Survey Area.
 Cokelup – totalling 0.6 ha and 0.2% of the Survey Area

Relevant information for each consanguineous wetland within the Survey Area has been summarised in Table
6. The location of the consanguineous wetlands within the Survey Area is provided in Figure 5.
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Table 6 Mapped consanguineous suites (GoWA, 2019)

SUITE DESCRIPTION LOCATION WITHIN
THE REFERRAL
AREA

GEOMORPHOLOGY PRIMARY
GEOMORPHIC
CLASSIFICATION

STRATIGRAPHY INFERRED ORIGIN CONSERVATION
MANAGEMENT
CATEGORY
GEOMORPHIC
WETLAND UFI
WITHIN SUITE

Bennett Brook Macroscale, irregular,
subhaline poikilohaline
sumplands. Microscale,
meandering freshwater
poikilohaline creeks.
Macroscale, irregular to
linear

1. Balajura: In
Bennett Brook area
W of West Swan; 2.
Balannup: In
Southern R area N of
Forrestdale Lake; 3.
Yangedi: In
Serpentine River
area W of
Serpentine township

Bassendean Dune -
with microscale
creeks

Sumplands, creeks,
palusplains and
floodplains

Quartz sands, or clay
overlying quartz
sand

Depressions which
intersect the water
table. Precipitation is
ponded by clay lenses
in the sub-surface.
Palusplains are
situated between
tributaries

–

Big Swamp Basins with ancestral
fluvial and possibly
estuarine phases, and
flats resulting from
fluvial and estuarine
processes

2031 III NE, SE, SW Holocene alluvium Mesoscale
freshwater
sumplands and
damplands and
palusplain

Peaty sand and
quartz sand

Not defined –

Vasse-
Wonnerup

Impounding of fluvial
discharge by Holocene
coastal dune barrier, as
well as estuarine and
fluvial inundation and
channelling in shore

1930 IV SE; 1930 I
SW, SE, NE; 2030 IV
NW

Holocene Vasse
Estuarine flat

Estuarine basins,
flats, deltas,
abandoned
channels and tidal
channels

Fine quartz sand
and muddy sand
with estuarine
shells

Not defined –

Cokelup Not defined Not defined Not defined Not defined Not defined Not defined 14478
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4.8 Site assessment

4.8.1 Vegetation and flora assessment

4.8.1.1 Vegetation type

Vegetation type and condition, within the Survey Area, was mapped by BORR IPT (2019). Based on this
mapping the vegetation type and condition has been intersected with the Geomorphic Wetlands within the
Survey Area. This mapping identified nine vegetation types within Geomorphic Wetlands located in the
Survey Area (Table 7).

Table 7 Vegetation types located within Geomorphic Wetlands within the Survey Area

VEGETATION
TYPE CODE

VEGETATION TYPE DESCRIPTION (BORR IPT, 2019)

VT1 Open forest of Eucalyptus marginata, Corymbia calophylla and Banksia attenuata on Karrakatta deep
sands

VT2 Open forest of Eucalyptus marginata, Corymbia calophylla, Banksia attenuata and Agonis flexuosa
on Bassendean dunes

VT3 Corymbia calophylla and Eucalyptus marginata +/- Banksia spp.

VT6 Closed tall scrub of Melaleuca preissiana, Astartea scoparia and Kunzea glabrescens over sedgeland

VT7 Low open forest of Melaleuca preissiana and Melaleuca rhaphiophylla over sedgeland

VT8 Low open forest of Eucalyptus rudis and Melaleuca preissiana over sedgeland

VT9  VT09a - Corymbia calophylla and Eucalyptus marginata +/- Agonis flexuosa with very
occasional E. gomphocephala

 VT09b – Melaleuca rhaphiophylla
 VT09c – Agonis flexuosa stands
 VT09d: Eucalyptus rudis and Corymbia calophylla +/- M. rhaphiophylla

VT10 Parkland cleared with scattered native / planted species

Cleared Highly disturbed

Vegetation associated with wetlands (including dampland and swamps) included remnant trees and shrubs
such as Eucalyptus rudis, Melaleuca rhaphiophylla, M. preissiana over mixed shrubland over sedges, herbs
and introduced grasses.

This is approximately 1.8 ha of riverine vegetation associated with Five Mile Brook present within the
Survey Area.

4.8.1.2 Vegetation condition

The condition of vegetation within Geomorphic Wetlands across the Survey Area was mapped as:

 Excellent to Good: 16.6 ha (23.6 % of Geomorphic Wetlands within the Survey Area)
 Good to Degraded: 7.1 ha (10.1 % of Geomorphic Wetlands within the Survey Area)
 Degraded to Completely Degraded: 46.5 ha (66.3 % of Geomorphic Wetlands within the Survey Area).

Much of the vegetation in these areas occurs as scattered remnant trees over introduced grasses
(Degraded to Completely Degraded condition) and due to their condition, these areas are not considered to
be representative of other significant vegetation. Despite the poor condition of the vegetation, these
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wetlands are considered likely to be important with regard to ecological function (e.g. fauna habitat –
section 4.8.2), Aboriginal heritage (section 4.8.3) and drainage function.

4.8.1.3 Threatened and Priority Ecological Communities

Assessing the vegetation types described at a broad level, based on dominant species, landform features
and field observations, and coupled with the statistical analyses, three conservation significant ecological
communities were identified to occur within Geomorphic Wetlands in the Survey Area:

 Banksia Woodlands of the Swan Coastal Plain (SCP) TEC – totalling 4.0 ha within Geomorphic Wetlands
in the Survey Area (UFI 929, 949, 1096 and 1163)

 Banksia dominated woodlands of the SCP IBRA region PEC – totalling 4.7 ha within Geomorphic
Wetlands in the Survey Area (UFI 929, 949, 1015, 1093 and 1096)

 The Tuart (Eucalyptus gomphocephala) woodlands of the SCP PEC – totalling 0.4 ha within Geomorphic
Wetlands in the Survey Area (UFI 1163).

4.8.2 Fauna assessment

4.8.2.1 Aquatic fauna of Conservation Significance

Biota (2019) completed a desktop assessment to identify conservation significant species potentially
occurring within a survey area that included the Proposal. The habitat preferences and potential extent of
habitat within the Proposal area for relevant species (those that potentially utilise wetland habitats) are
summarised in Table 8.

4.8.2.2 Aquatic fauna survey

No fish species or Carter’s Freshwater Mussel were recorded during the targeted aquatic fauna survey in
November 2018. No Australian Water Rats were recorded within the survey however a midden consisting
of crustacean remains was observed at site Southern 5 which may indicate the presence of this species
(WRM, 2018b).

However, sites Southern 1 and Southern 2 are in close proximity to site Northern 9, where one Black-stripe
Minnow individual was recorded during the BORR Northern targeted aquatic fauna survey (WRM, 2019). It
is considered that, during periods of high inundation and increased connectivity of wetlands during wetter
years, there is a possibility that Black-stripe Minnow migrate between wetlands and may be located within
the Survey Area (WRM, 2018b).

Other native aquatic fauna recorded included:

 27 Gilgie Cherax quinquecarinatus from sites Southern 1, 2, 3, 4 and 5
 11 South-western snake-necked turtles, Chelodina colliei from sites Southern 1, 2, 3 and 4.

4.8.2.3 Ecological linkages

Two regionally significant East-West Ecological Linkages within the Greater Bunbury Region are intersected
by the Survey Area (EPA, 2003). These include:

 Maidens/ Preston River Ecological Linkage which lies at the northern extent of the Survey Area

 Dalyellup/ Gelorup/ Crooked Brook Ecological Linkage which is located in the southern end of the
Survey Area.

On a local scale, vegetation along road reserves, minor waterways and Geomorphic Wetlands provide local
ecological linkages that will be intersected by the Survey Area. These linkages are likely to be used by
conservation significant fauna as well as a number of more common mammals, birds, reptiles and
amphibians.
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Table 8 Likelihood of occurrence for conservation significant fauna species and their habitat availability within the Survey Area (Biota, 2019)

SPECIES COMMON NAME STATE
LISTED

EPBC ACT
LISTED

LIKELIHOOD OF
OCCURRENCE

DOMINANT FAUNA HABITAT TYPE POTENTIAL FOR
DOMINANT HABITAT
EXTENT WITHIN THE
PROPOSAL AREA (HA)

MARRI/
EUCALYPTUS
WOODLAND

MARRI/ EUCALYPTUS
IN PADDOCKS AND
ROAD RESERVES

DAMPLAND WITH
MELALEUCA SHRUBLAND
AND/ OR WOODLAND

Birds

Falco peregrinus Peregrine Falcon S7 - Likely to occur
(foraging visitor)

- Foraging - 28.2

Oxyura australis Blue-billed Duck P4 - Possible - - Foraging 36.5
Numenius
madagascariensis

Eastern Curlew S1; S5 CR, MI Unlikely to
occur

- - - -

Botaurus
poiciloptilus

Australasian Bittern S2 EN Unlikely to
occur

- - - -

Calidris ferruginea Curlew Sandpiper S1; S5 CR, MI Unlikely to
occur

- - - -

Mammals

Hydromys
chrysogaster

Water-rat, Rakali P4 - Unlikely to
occur

- - - Requires significant
drainage/ waterbody
with riparian cover

Fish

Galaxiella
nigrostriata

Black-stripe
Minnow

S2 EN Possible
(Ephemeral
wetlands)

- - Foraging, Breeding 36.5

Invertebrate

Westralunio
carteri

Carter's
Freshwater
Mussel

S3 VU Unlikely to
occur

- - - -



4.8.3 Water quality assessment

Water quality was assessed at Southern 1 to Southern 6 by WRM in November 2018. The Southern 7 site
was found to be dry at this time. The key findings of the in situ surface water quality monitoring undertaken
indicate the following:

 Temperature ranged from 18.8 to 29.7 oC

 pH ranged from 6.88 to 8.95 – the pH at the majority of the sites was within the ANZEEC/ ARMCANZ
(2000) guideline values for the protection of slightly/ moderately disturbed wetland ecosystems in
WA (pH 6.0 – 8.0). With the exception of Southern 5 and Southern 6 which exceeded, the adopted
assessment criteria range

 EC ranged from 510 µS/cm (Southern 6) to 9420 µS/cm (Southern 5)

 DO (% S) ranged from 33.4% to 243.0 % with four of the six WRM sample locations recording results
outside the ANZEEC/ ARMCANZ (2000) guideline of 80-120%

 There is high to moderate risk of ASS occurrence associated with the rivers (GoWA, 2019).

Surface water sample locations are shown on Figure 2. Water quality results recorded by WRM (2018) in
November 2018 are included in the report presented in Heritage assessment

A search of the Aboriginal Heritage Inquiry System on 17 April 2019 did not identify any ‘Registered’ Sites of
Aboriginal heritage significance within the Survey Area (DPLH, 2019). However four ‘Other Heritage Places’
were identified within the Survey Area including:

 Place ID 4881 Bunbury 24

 Place ID 18884 Bunbury Bypass Archaeological Site 1

 Place ID 37869 Paperbark wetlands

 Place ID 37870 The Gelorup Corridor.

Bunbury 24 does not intersect any Geomorphic Wetlands, however Bunbury Bypass Archaeological Site 1
intersects UFI 929 and UFI 13228 which are both Multiple Use management category Basins. Place ID 37869
and Place ID 37870 both intersect Multiple Use Basin UFI 1163 associated with Five Mile Brook (GoWA,
2019).

Bunbury Bypass Archaeological Site 1 has been previously investigated as part of an Aboriginal Heritage
Survey for BORR (Stage 2) at Gelorup and comprises Artefacts/ Scatter (Brad Goode & Associates, 2012).

The ‘Other Heritage Places’ which intersect Geomorphic Wetlands within the Survey Area have been
illustrated in Figure 6.
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4.9 Preliminary evaluation

The preliminary evaluation criteria (outlined in DBCA 2017 section 5.4 and Table 3) provides the first step in
determining the management category for a wetland. This initial assessment is used to determine whether
a wetland or a portion of a wetland should be considered high conservation value.

If a ‘Yes’ can be answered to any of the seven preliminary evaluation criteria then the wetland is considered
to support the highest level of attributes, values and functions and automatically assigned to a
Conservation category.

Due to the large number of Multiple Use management category wetlands within the Survey Area a
preliminary evaluation has been undertaken as a general evaluation for the entire Survey Area. Table 9
provides a summary of the results of the preliminary evaluation for each of the geomorphic wetlands listed
in BORR IPT 2019.

The preliminary evaluation has been based on both desktop information and the site assessment and was
supported by the vegetation and flora assessment (August, September and November) (BORR IPT, 2019),
the fauna assessment (Biota, 2019; WRM, 2018b) and Aboriginal Heritage Assessment (Brad Goode &
Associates, 2012). During the site assessments 16 of the 27 Geomorphic Wetlands were visited. The
majority of wetlands that were not visited included those that could not be accessed during the survey.

Table 9 Preliminary evaluation criteria assessment summary

NO. CRITERIA Y/N

1 The wetland is currently recognised as
internationally or nationally significant for its
natural values. Lists/registers include:

 The Ramsar Convention on Wetlands

 State Government endorsed candidate sites
for the Ramsar Convention on Wetlands

 Directory of Important Wetlands in Australia

 National Heritage List

 or equivalent.

N

A search of the EPBC Protected Matters Database did
not identify any of these features within the Survey
Area or a 5 km buffer (DotEE, 2018)

The closest Ramsar listed wetlands are (GoWA, 2019):

 Peel-Yalgorup System – approx. 30 km to the north
 Vasse-Wonnerup System – approx. 20 km to the

south

There are no Directory of Important Wetlands in
Australia (GoWA, 2019) or National Heritage List
(DotEE, 2018) located within the Survey Area.

2 The wetland is spatially dominated by vegetation
in a good or better condition using the vegetation
condition scale outlined in Appendix B and is
identified as significant for its natural values under
one or more of the following:

 Conservation Reserves for Western Australia
Systems 1, 2, 3, 5

 Conservation Reserves for Western Australia,
The Darling System – System 6

 A Systematic Overview of Environmental
Values of the Wetlands, Rivers and Estuaries
of the Busselton – Walpole Region

 The Environmental Significance of Wetlands
in the Perth to Bunbury Region

N

There are no Conservation Reserves for Western
Australian Systems 1, 2, 3, 5 located within the Survey
Area (GoWA, 2019).

One Conservation Reserve for Western Australia, The
Darling System – System 6 is intercepted by the Survey
Area (GoWA, 2019):

 Reserve 23,000

There are no Bush Forever (GoWA, 2019), Swan Bioplan
(EPA, 2010) or equivalent sites within the Survey Area.



NO. CRITERIA Y/N

 Bush Forever, Swan Bioplan (including Peel
Regionally Significant Natural Areas) or
equivalent.

3 The wetland supports a breeding, roosting, or
refuge site or a critical feeding site for populations
of fauna listed by the Australian Government (for
example, Environment Protection and Biodiversity
Conservation Act 1999, migratory bird
agreements such as JAMBA, CAMBA and
RoKAMBA) or the State (for example, threatened
and specially protected fauna).

N

No conservation aquatic fauna species listed under the
EPBC Act within the Survey Area during the 2018
surveys.

However Peregrine Falcon (S7) is considered likely to
occur as a foraging visitor. Blue-billed Duck (P4) and
Black-stripe Minnow (S2; EN) possibly occur based on
observation of suitable habitat.

It is noted that there is potential habitat mapped for
Western Ring-tail Possum and Black Cockatoo species
within some of the Geomorphic Wetlands in the
Survey Area. However for the purposes of the
evaluation of Geomorphic Wetlands within the Survey
Area proposed changes to current management
categories has been based on present of aquatic or
wetland dependent species only.

4 The wetland is spatially dominated by vegetation
in a good or better condition using the vegetation
condition scale outlined in Appendix B and
supports one or more of the following:

 an occurrence of a threatened ecological
community

 a confirmed occurrence of a priority 1 or
priority 2 ecological community

 a confirmed occurrence of a declared rare
(threatened) flora species.

N

One Threatened Ecological Community was found to
occur within Geomorphic Wetlands in the Survey Area:

 Banksia Woodlands of the Swan Coastal Plain
(SCP) TEC – totalling 4.0 ha within Geomorphic
Wetlands in the Survey Area (UFI 929, 949, 1096
and 1163)

These wetlands are not dominated by vegetation in
Good or better condition.

No Priority 1 or Priority 2 ecological communities have
been previously recorded or were identified within the
Survey Area (BORR IPT, 2019).

No EPBC Act or Biodiversity Conservation Act 2016
listed flora were recorded by BORR IPT (2019) at the
time of the survey.

5 Equal to or greater than 90% of the wetland
supports vegetation in a good or better condition
using the vegetation condition scale outlined in
Appendix B.

N

The wetland vegetation within the Proposal area was
Excellent to Completely Degraded condition (BORR IPT,
2019).

However, none of the wetlands within the Survey Area
retain 90% (or greater) of wetland vegetation in Good
or better condition.

6 The wetland is spatially dominated by vegetation
in a good or better condition using the vegetation
condition scale outlined in Appendix B and is
known to support internationally, nationally or

N

A search of the DMIRS Geoheritage Sites database did
not identify any geoheritage sites within the Survey
Area (GoWA, 2019).



NO. CRITERIA Y/N

state-wide scientific values including geoheritage
and geoconservation.

The closest mapped geoheritage site is located approx.
15 km to the southwest (Capel South Mine).

The BORR IPT (2019) desktop assessment did not
identify any World Heritage or National Heritage Places
within the Survey Area.

7 The wetland is spatially dominated by vegetation
in a good or better condition using the vegetation
condition scale outlined in Appendix B and meets
one of the following:

N

The wetland vegetation within the Survey Area was
Excellent to Completely Degraded condition (BORR IPT,
2019).

However, there are no wetlands within the Survey Area
that are spatially dominated by vegetation in Good or
better condition.

The assessment below has been undertaken for all
Geomorphic Wetlands and Consanguineous Wetland
Suites within the Survey Area.

 ≤ 10% of wetlands of the same type are
assigned Conservation management category
within the Swan Coastal Plain (by area)

% Conservation management category wetlands of the
same type within the Swan Coastal Plain:

 Dampland 29.3 %

 Palusplain 3.8 %

 Sumpland 40.1 %

 ≤ 10% of all wetlands in the same
consanguineous suite are assigned
Conservation management category (by area)

% Conservation management category in each
consanguineous suite:

 Bennet Brook 8.4 %
 Big Swamp 7.8%
 Cokelup 38.5%
 Vasse-Wonnerup 38.1 %

 ≤ 10% of wetlands of the same type in its
consanguineous suite are assigned
Conservation management category (by area)

% Conservation category of same type in its
consanguineous suite intersecting the Survey Area:

 Bennet Brook

- Dampland 9.4 %
- Palusplain 4.6 %
- Sumpland 19.6 %

 Big Swamp

- Dampland 7.6 %
- Palusplain 11.5 %
- Sumpland 0.0 %

 Cokelup

- Dampland 0.0 %
- Palusplain 23.8 %
- Sumpland 61.3 %

 Vasse-Wonnerup

- Dampland 0.0 %
- Palusplain 0.6 %



NO. CRITERIA Y/N

- Sumpland 16.1 %

 best representative of its type within its
consanguineous suite domain.

Conservation management category wetlands are rare
for palusplain type geomorphic wetlands on the Swan
Coastal Plain as this majority of this type of wetland
are generally Multiple Use (approx. 95 %).

Conservation category wetlands are rare within the
Bennett Brook and Big Swamp consanguineous suites
(<10 %).

4.10 Secondary assessment

A secondary evaluation provides additional information on the wetlands attributes, functions and values. In
this evaluation, the information collected through the desktop and site assessment is used to assess against
the 42 criteria outlined in Table 4 of the DBCA (2017) wetland evaluation guidelines.

Further secondary evaluation has not been undertaken for the Geomorphic Wetlands intersected by the
Survey Area as the onsite assessment information has been used to inform the preliminary evaluation and
there are no Geomorphic Wetlands mapped within the Survey Area that are spatially dominated by
vegetation in Good or better condition. Therefore, it is considered that further secondary evaluation of the
Geomorphic Wetlands within the Survey Area is not warranted.

4.11 Outcomes

Based on the evaluation of wetlands within the Survey Area as per DBCA (2017) guidelines it is considered
that the current management categories assigned to the Geomorphic Wetlands within the Survey Area are
appropriate.

It is noted that there is potential habitat mapped for Western Ringtail Possum and Black Cockatoo species
within some of the Geomorphic Wetlands in the Survey Area. However, for the purposes of the evaluation
of Geomorphic Wetlands within the Survey Area the assessment of current management categories has
been based on present of aquatic or wetland dependent species only.



5 DISCUSSION

This Wetland Study evaluated 27 Geomorphic Wetlands intercepted by the Survey Area using the methods
outlined in the DBCA (2017) wetland evaluation guidelines and informed by the results of desktop and field
assessments.

It is considered, based on an assessment of the current wetland management category, as shown in the
Geomorphic Wetlands Swan Coastal Plain dataset (GoWA, 2019) that the current management categories
assigned to the Geomorphic Wetlands within the Survey Area are appropriate.

Development of road infrastructure is likely to impact wetlands within the Survey Area. Filling the wetlands
and clearing the vegetation will directly alter the existing surface water flow regime within the Survey Area
and adjacent wetlands. This has the potential to have adverse effects on the function of wetland and river
systems, such as changes in the vegetation structure, loss of connectivity between wetlands on flood plains,
fragmentation of aquatic fauna habitat and impact on surrounding agricultural properties.

Therefore maintaining predevelopment surface water flows for wetlands, fauna (fish, turtles etc.) passage
and agricultural land will be an important consideration in detailed design of the Survey Area. Detailed
drainage design should be guided by the objective of maintaining the existing water cycle balance (maintain
predevelopment flows) of the Survey Area i.e. minimising drainage shadow effects on surrounding
wetlands, waterways, vegetation and agricultural properties.

During and post construction, wetlands and waterways will need to be protected from risk of erosion,
sedimentation, accumulation of rubbish, pollutants from spills and stormwater runoff.
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1 

EXECUTIVE SUMMARY 

 
The Bunbury Outer Ring Road (BORR) is a planned Controlled Access Highway linking the Forrest 
Highway and Bussell Highway. BORR will be a high standard route for access to the Bunbury Port and 
facilitate proposed development to the east of the City of Bunbury. BORR provides an effective bypass 
of Bunbury for inter-regional traffic. The BORR Project comprises three sections: 

 BORR Northern Section – Forrest Highway to Boyanup-Picton Road 

 BORR Central Section – Boyanup-Picton Road to South Western Highway, an existing four 
kilometre (km) section which was completed in May 2013, along with a three km extension of 
Willinge Drive southwards to South Western Highway 

 BORR Southern Section – South Western Highway (near Bunbury Airport) to Bussell Highway. 

 
A desktop study identified a number of potential habitats for aquatic fauna within the BORR Southern 
Section investigation area, including a number of wetland areas of varying sizes/extents. The 
overarching objective of the survey was to determine the occurrence of any aquatic fauna considered 
to be of conservation significance within these wetland systems. Wetland Research & Management 
(WRM) was sub-contracted by the BORR Team to undertake this survey. 
 
In November 2018, six sites were sampled which lie within the BORR Southern Section investigation 
area, with four species of conservation significance being targeted: 

 Carter’s freshwater mussel (Westralunio carteri); Vulnerable (Schedule 3 of the Wildlife 
Conservation Specially Protected Fauna Notice 2018), Vulnerable (International Union for 
Conservation of Nature (IUCN) Redlist 2018), Vulnerable (Environment Protection and 
Biodiversity Conservation (EPBC) Act 1999), 

 Black-stripe minnow (Galaxiella nigrostriata); Endangered (Schedule 2 of the Wildlife 
Conservation Specially Protected Fauna Notice 2018), Lower Risk/Near Threatened (IUCN 
Redlist 2018), Endangered (EPBC Act 1999), Endangered (Australian Society of Fish Biology 
(ASFB 2016), 

 Western mud minnow (Galaxiella munda); Vulnerable (Schedule 3 of Wildlife Conservation 
Specially Protected Fauna Notice 20178), Lower Risk/Near Threatened (IUCN Redlist 2018), 
and 

 Australian water rat (Hydromys chrysogaster); Priority 4 (Department of Biodiversity 
Conservation and Attractions (DBCA) 2018). 

 
Habitat assessments and in-situ water quality measurements were also made in conjunction with the 
aquatic fauna survey, as well as observations of any other freshwater fauna at each site. 
 
No fish or Carter’s freshwater mussels were recorded during the November 2018 survey of the 
Southern Section investigation area. The black-stripe minnow Galaxiella nigrostriata was recorded 
from site Northern 9 (WRM unpub. data), which is the southern-most site in the BORR Northern and 
Central Section investigation area. This site is in close proximity to Southern 1 and 2 and surface water 
at the three sites is likely connected during periods of high rainfall. The lack of Carter’s mussels from 
this area was likely due to the highly ephemeral nature of wetlands sampled (Klunzinger et al. 2012). 
Using motion sensor cameras and visual observations, no Australian water rats were recorded from 
any sites.  
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2 

1 INTRODUCTION 

1.1 Background 
 
The Bunbury Outer Ring Road (BORR) is a planned Controlled Access Highway linking the Forrest 
Highway and Bussell Highway. BORR will be a high standard route for access to the Bunbury Port and 
facilitate proposed development to the east of the City of Bunbury. BORR provides an effective bypass 
of Bunbury for inter-regional traffic. The BORR Project comprises three sections: 

 BORR Northern Section – Forrest Highway to Boyanup-Picton Road 

 BORR Central Section – Boyanup-Picton Road to South Western Highway, an existing four 
kilometre (km) section which was completed in May 2013, along with a three km extension of 
Willinge Drive southwards to South Western Highway 

 BORR Southern Section – South Western Highway (near Bunbury Airport) to Bussell Highway. 

 
The Commissioner of Main Roads Western Australia (Main Roads) is proposing to construct and 
operate the southern section of the BORR Project (“The Proposal”). The BORR Southern Section 
includes the construction and operation of 10.5 km of freeway standard, dual carriageway southwest 
of South Western Highway (south of Bunbury Airport) to Bussell Highway and a 3 km regional 
distributor from Bussell Highway at Centenary Road southeast to a grade separated interchange at 
the western end of Lillydale Road. The project includes associated bridges, interchanges, local road 
modifications and other infrastructure including, but not limited to, drainage basins, drains, culverts, 
lighting, noise barriers, fencing, landscaping, road safety barriers and signs. The BORR Southern 
Section connects the Northern and Central sections of the BORR (from Forrest Highway) to Bussell 
Highway. 
 
The Proposal is located 160 - 168 km south of Perth, mainly within the Shire of Capel including the 
localities of Gelorup, North Boyanup and Statham with some overlap into neighbouring localities 
(College Grove, Usher and Dalyellup). A small part of the project occurs in the City of Bunbury. 
 
The north-eastern end of the BORR Southern Section will join with the southwest end of the BORR 
Central section, southwest of South Western Highway, approximately 8 km southeast of Bunbury CBD. 
The northwest end of the Proposal (regional distributor) at Bussell Highway is approximately 7 km 
south of Bunbury and the southernmost point of the project (on Bussell Highway adjacent to Capel 
Golf Course), is approximately 15 km south of Bunbury CBD. 
 
The overarching objective of the survey was to determine the occurrence of any aquatic fauna 
considered to be of conservation significance within the proposed investigation area. Based on 
species’ distributions and habitat present, the wetlands of interest could provide habitat for State, 
Federally and internationally listed species including: 

 Carter’s freshwater mussel (Westralunio carteri); Vulnerable (Schedule 3 of the Wildlife 
Conservation Specially Protected Fauna Notice 2018), Vulnerable (IUCN Redlist 2018), 
Vulnerable (EPBC Act 1999), 

 Black-stripe minnow (Galaxiella nigrostriata); Endangered (Schedule 2 of the Wildlife 
Conservation Specially Protected Fauna Notice 2018), Lower Risk/Near Threatened (IUCN 
Redlist 2018), Endangered (EPBC Act 1999), Endangered (Australian Society of Fish Biology 
(ASFB 2016), 

 Western mud minnow (Galaxiella munda); Vulnerable (Schedule 3 of Wildlife Conservation 
Specially Protected Fauna Notice 2018), Lower Risk/Near Threatened (IUCN Redlist 2018), and 

 Australian water rat (Hydromys chrysogaster); Priority 4 (DBCA 2018). 
 

As such, these species were specifically targeted by WRM in the November 2018 survey. 
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1.2 Scope of works 

 
The scope of works for the targeted conservation significant aquatic fauna survey were: 

 systematic sampling of aquatic fauna, in situ water quality (pH, dissolved oxygen (DO), 
Electrical Conductivity (EC) and temperature), habitat assessments, motion sensor camera 
trapping, and observations of other fauna (if present) at seven sites, 

 an assessment of the conservation status of aquatic fauna recorded, and 

 preparation of a detailed technical report of all findings. 
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2 SPECIES OF CONSERVATION SIGNIFICANCE 

 
Aquatic ecosystems in the south-west of Western Australia support a diverse range of taxa with 
different local, regional, national and international distributions, and therefore taxa vary in their 
conservation status depending upon their distribution and evolutionary origins. The conservation 
significance of aquatic fauna recorded was assessed by referring to: 

 Threatened Fauna under the IUCN Redlist of Threatened Species (IUCN 2018), 

 Scheduled Fauna listed under the Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act 1999), 

 Threatened and Priority Fauna recognised by the Department of Biodiversity, Conservation 
and Attractions (DBCA 2018), and 

 Conservation Status of Australian Fishes List (Australian Society for Fish Biology 2016). 
 
Four species of conservation significance were specifically targeted during this survey. Information on 
each species is outlined below. 
 

2.1 Carter’s freshwater mussel 

 
Carter’s freshwater mussel (Westralunio carteri; Plate 1) is currently listed as Vulnerable on state 
(Schedule 2; DBCA 2018), national (EPBC Act 1999), and international (IUCN Redlist 2018) conservation 
lists. This species occurs in greatest abundance in slower flowing waters with stable sediments and 
low salinity. The lifecycle involves an obligate parasitic stage, glochidia, which attach to host fish for 
several weeks to complete their development (Beatty et al. 2010). 
 
Carter’s freshwater mussel is endemic to the South West Coast Drainage Division, where it is the only 
freshwater mussel to be found. The distribution of this species is from the Moore River in the north, 
to the south coast, west of Esperance (Klunzinger et al. 2010). Carter’s freshwater mussel is threatened 
by secondary salinisation, as well as sedimentation. Reservoir dewatering and rainfall reductions also 
appear to have a negative effect on populations (Klunzinger et al. 2012). 
 

 

Plate 1.Carter’s freshwater mussels, photo by WRM ©. 
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2.2 Black-stripe minnow 

 
The black-stripe minnow (Galaxiella nigrostriata; Plate 2) is currently listed as Endangered (Schedule 
2 of the Wildlife Conservation Specially Protected Fauna Notice 2018), Endangered under the Federal 
EPBC Act (1999), and Lower Risk/Near Threatened (IUCN Redlist 2018). The black-stripe minnow is 
capable of aestivating (burrowing) in soils to survive dry summers and will appear in pools within hours 
following first rains. Interestingly, it does not have any specific anatomical, physiological, or 
behavioural adaptations to aid aestivation, and presumably survives within moist soils or crayfish 
burrows that contain water through the dry season. Most fish only live for one year, dying shortly after 
spawning (Morgan et al. 2011). 
 
The black-stripe minnow is endemic to south-western Australia and is rare throughout its distribution. 
Its main distribution lies within 100 km of the coast, between Albany and Augusta, with isolated 
populations known from further north, including Lake Chandala (Gingin), Melaleuca Park (Perth), and 
wetlands within the Kemerton Nature Reserve (Bunbury) (Morgan et al. 1998, Allen et al. 2002). A 
survey by WRM in October 2018, within the BORR Southern Alternate development area, also 
recorded a population of black-stripe minnow near Gelorup. They are restricted to shallow, tannin 
stained, ephemeral pools and are most common in waterbodies of peat flats (Morgan and Gill 2000). 
It is thought that the populations on the Swan Coastal Plain are remnants of a once wider distribution 
(Morgan et al. 1998), suggesting that the loss of habitat caused by urban and rural development during 
the previous 100 years has had a significant impact on this species. As such, their biggest threat is loss 
of suitable habitat through urbanisation and rural development. 
 

 

Plate 2. Black-stripe minnow, photo WRM ©. 

 
 

2.3 Western mud minnow 

 
The western mud minnow (Galaxiella munda) is currently listed as Vulnerable (Schedule 3 of Wildlife 
Conservation Specially Protected Fauna Notice 2018) and Lower Risk/Near Threatened (IUCN Redlist 
2018). Adults live close to riparian vegetation in streams and open water of pools that are tannin 
stained and acidic (pH 3 – 6). The lifecycle of the western mud minnow typically lasts for one year 
(Morgan et al. 1998). 
 
The western mud minnow is restricted in its distribution, from Margaret River to Albany, with isolated 
populations near Perth (Ellen Brook catchment) and Gingin. This species is most common in 
headwaters of major rivers and in shallow pools connected to streams (Morgan et al. 1998). The 
western mud minnow is threatened by salinisation, land clearing and the introduction of exotic fish 
species such as mosquitofish (Morgan et al. 1998). 
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2.4 Australian water rat 

The Australian water rat (Hydromys chrysogaster; Plate 3) is currently listed as a Priority 4 (DBCA 
2018). Water rats are adapted to semi-aquatic life with broad, partially webbed feet and water 
repellent fur (Scott and Grant 1997). They are opportunistic feeders, often preying on large aquatic 
invertebrates, fish, mussels and crustaceans. 
 
The Australian water rat is distributed across a range of habitats from permanent water bodies to 
lowland streams, with the highest abundances associated with permanent wetlands 
(Scott and Grant 1997). Threats to their distribution include swamp reduction and flood mitigation 
practices. 
 

 

Plate 3. Australian water rat, Hydromys chrysogaster (photo taken 

and provided by Bert and Bab Wells) 
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3 METHODS 

 
This study was conducted under Department of Primary Industries and Regional Development (DPIRD) 
Fisheries Licence EXEM 2483 (Instruments of Exemption to the Fish Resources Management Act 1994 
for Scientific Research Purposes). As a condition of this licence, taxa lists and reports are required to 
be submitted to DPIRD.  
 
Sampling was undertaken over seven consecutive days, between the 20th and 29th November 2018. 
 
Aquatic fauna sampling by WRM is consistent with methodology used in similar surveys across 
Australia (i.e. Cheal et al. 1993, Storey et al. 1993, Edward et al. 1994), including the sampling of 
wetlands of the SCP by Murdoch University (Davis et al. 1993) and the National Monitoring River 
Health Initiative (Department of Environment Sport and Territories et al. 1994).  
 
 

3.1 Sampling sites 

 
Assessment of aerial images identified a total of seven potential sites where aquatic fauna of 
conservation significance may occur. During the on-ground survey, one of the sites (Southern 7) was 
dry, making a total of six sites surveyed. Southern 7 comprises a small patch of remnant native 
vegetation (~12 ha) surrounding by cleared farmland, immediately adjacent to an area of seasonal 
dampland listed as a multiple use wetland by DBCA Swan Coastal Plain geomorphic wetland 
classification mapping. Aerial imagery reveals that the site or adjacent wetland area does not fill (to 
sufficient levels to allow for aquatic fauna sampling) following winter rains, with the nearest 
frequently wetted area a modified drainage channel and excavated farm dam outside of the proposed 
BORR alignment.  
 
See Figures 1 to 5 and Table 1 for site locations. 
 

Table 1. Survey sites sampled in November 2018. GPS in UTMs (Zone 50). 

Southern alignment GPS 

Site Zone Easting Northing 

Southern 1 50 376273 6304494 

Southern 2 50 376199 6304342 

Southern 3 50 376089 6304316 

Southern 4 50 375225 6304694 

Southern 5 50 375287 6303605 

Southern 6 50 375302 6302271 

Southern 7 50 374522 6301181 

 
 

3.2 Targeted aquatic fauna survey 

3.2.1 Carter’s freshwater mussel 

 
At each site, the benthos within randomly placed 1 m2 quadrats was intensively surveyed by hand 
collection, rake, dip net and sieves. 10 quadrats were deployed at each site. 
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Figure 1. Map of the study area, showing aquatic sampling sites. 
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Figure 2. Map of Southern 1, 2 and 3. 
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Figure 3. Map of Southern 4. 
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Figure 4. Map of Southern 5. 
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Figure 5. Map of Southern 6. 
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3.2.2 Black-stripe minnow and western mud minnow 

 
A number of fish sampling methods were used at each site in order to collect as many species and 
individuals as possible. Methods included dip nets, trawl nets, seine nets, fyke nets and box traps. 
 
A minimum of three fyke nets, comprising a single or double 10 m wing (4 - 6 mm mesh, 1.5 m drop) 
and a 5 m hooped net were set overnight at each site. A float was placed at the cod-end to provide an 
air space for freshwater turtles and water rats (Plate 4). A minimum of five baited box traps were set 
overnight at each site, depending on the habitat available. Unbaited box traps were positioned to 
create a barrier to fish. 
 
Shallower water depths with dense vegetation where fyke nets could not effectively be set, were 
sampled using seine, trawl and/or dip nets. The number of trawls was dependent on habitat 
availability and the number of fish captured. 
 

 

Plate 4. Fyke nets set within a wetland. 

 
 
3.2.3 Australian water rat 

 
A minimum of two motion sensor cameras were deployed overnight at each site, positioned towards 
the ground/water body to target water rats. Each camera was baited with universal bait, a mixture of 
oats, sardines and peanut butter. Cameras were set on high sensitivity, with bursts of three images 
with no or short delay periods. 
 
Visual surveys were also conducted at each site for evidence of water rat presence. This included the 
observation of feeding middens. Photographic evidence was taken of any visual signs of water rat 
presence. 
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3.2.4 Water quality 

 
In situ water quality data were recorded using portable WTW and TPS field meters. Variables recorded 
included pH, dissolved oxygen (DO; % and mg/L), electrical conductivity (EC; µS/cm) and water 
temperature (°C).  
 
3.2.5 Habitat 

 
Details of habitat characteristics were recorded from each site. WRM has specific worksheets for this 
task so that recordings between sites remain as comparable as possible. Habitat characteristics 
recorded included percent cover by inorganic sediment, submerged macrophyte, floating 
macrophyte, emergent macrophyte, algae, large woody debris, detritus, roots and trailing vegetation. 
Details of substrate composition were also recorded and included percent cover by bedrock, boulders, 
cobbles, pebbles, gravel, sand, silt and clay.  
 
3.2.6 Opportunistic sightings 

 
Freshwater crayfish were sampled using the methods described above for fish fauna, specifically, dip 
netting, box traps and fyke nets. Crayfish were identified to species, carapace length measured (CL 
mm), and sex noted. Opportunistic records of any turtle or frog species observed whilst sampling were 
also made, with turtles sexed and measured for carapace (shell) length. Turtles are often captured 
using sampling methods designed for fish (especially fyke netting). Opportunistic survey of frog species 
included identification of:  

 any adults seen while sampling for aquatic fauna, and 

 species identified from mating calls. 
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4 RESULTS AND DISCUSSION 

4.1 Water quality 

4.1.1 In situ 

 
In situ water quality was variable between wetlands, with pH slightly acidic to basic (6.88 to 8.95), 
dissolved oxygen low to extremely high (33.4% to 243.0%), and water temperatures relatively warm 
(18.8 ºC to 29.7 ºC; Table 2). 
 
One site was fresh (Southern 6), four sites were brackish (Southern 1, 2, 3 and 4) and one was saline 
(Southern 5), as defined by the DoE (2003)1, with EC ranging from 510 µs/cm (at Southern 6) to 9,420 
µs/cm (at Southern 5). Salinity toxicity differs between aquatic species, however most adult Australian 
freshwater fish can tolerate salinities up to 14,000 µs/cm (Hart et al. 1990). Earlier life stages of fish 
may be more susceptible to increased salinity as EC can affect osmoregulatory ability 
(Beatty et al.  2011). Elevated salinity may not only cause mortality but also negatively affect biological 
performance of fishes and decrease sperm viability (Harris 1986). pH at Southern 5 (8.95) and 
Southern 6 (8.56) was marginally greater than the default ANZECC/ARMCANZ (2000) guideline value 
(GV) for the protection of slightly/moderately disturbed wetland ecosystems in the southwest of 
Western Australia (pH 6 – 8). Elevated pH at Southern sites 5 and 6 was can likely be attributed to the 
clearing of native riparian vegetation surround these wetlands; pH is known to increase with higher 
water temperatures, higher aquatic macrophyte and algal densities (causing higher dissolved oxygen 
levels) and lack of organic material (e.g. leaf litter and detritus) (DEC 2012), all of which are likely to 
occur when riparian vegetation is removed from a wetland. 
 
One site recorded DO under the lower ANZECC/ARMCANZ (2000) GV (90%); Southern 4 (33.4%). While 
the oxygen needs of aquatic biota differ between species and life history stage, values less than 50% 
saturation are known to result in chronic responses in macroinvertebrates and fish (Butler et al. 1970, 
Davis 1975, Alabaster and Lloyd 1982). Three sites recorded super-saturated DO, in excess of the 
upper ANZECC/ARMCANZ (2000) GV (120%); Southern 3 (145.5%), Southern 5 (243.0%) and Southern 
6 (205.2%). Super-saturation occurs when net photosynthesis exceeds total oxygen consumption, and 
is common in areas of high algal and macrophyte growth, and/or areas of high turbulence. Sites which 
have high day-time DO are likely to experience oxygen stress overnight, as respiration by plants, algae, 
bacteria and other aquatic fauna deplete DO. Super-saturation is also known to cause gas bubble 
disease in fish (Bouck 1980).  
 

Table 2. In situ water quality results from all sites sampled in November 2018. 

Site 
Date Temp°C 

Cond 
(µs/cm) pH DO% DO mg/L 

      
 ANZECC GV   

        6.0-8.0 90-120%   

Southern 1 21/11/2018 21.2 1913 7.52 92.2 8.05 

Southern 2 21/11/2018 21.2 1913 7.52 92.2 8.05 

Southern 3 21/11/2018 29.7 2350 7.48 145.5 11.96 

Southern 4 22/11/2018 18.8 2000 6.88 33.4 3.34 

Southern 5 22/11/2018 23.9 9420 8.95 243 18.71 

Southern 6 20/11/2018 27.4 510 8.56 205.2 17.6 

                                                           
1 Fresh defined as < 1500 µS/cm, Brackish = 1500 – 4500 µS/cm, Saline = 4500 – 50,000 µS/cm, Hypersaline > 
50,000 µS/cm (DoE 2003). Classifications were presented as TDS (mg/L) in DoE (2003) so a conversion factor of 
0.68 was used to convert to conductivity µS/cm as recommended by ANZECC/ARMCANZ (2000). 
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4.2 Habitat 

 
Southern sites 1, 2, 3 and 4 were surrounded by large areas of native riparian vegetation (mainly 
Melaleuca spp.) with habitat representative of natural wetland areas (although there was some 
evidence of excavation for agricultural purposes at Southern 4). Southern sites 5 and 6 were mostly 
cleared of riparian vegetation with habitat considered degraded due to landuse practices (farmland, 
with Southern 5 also adjacent to a large sand mine). In terms of aquatic habitat, all sites had some 
submerged macrophyte (ranging from 10% coverage at Southern 4, to 70% coverage at Southern 6) 
and emergent macrophyte (ranging from 2% at Southern 3 to 20% at Southern 1 and 2), and a diversity 
of other in-stream habitat types including large woody debris (LWD), detritus, floating macrophyte 
and/or trailing vegetation (see Plate 5). All sites sampled had predominantly sand substrate.  
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Southern 1 

 

Southern 2 

 
Southern 3 

 

Southern 4 

 
Southern 5 

 

Southern 6 

 

Plate 5. Site photographs from Southern 1, 2, 3, 4, 5 and 6 at the time of sampling in November 2018. 
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4.3 Fish 

 
No fish were recorded during the aquatic fauna survey in November 2018. 
 
4.3.1 Black-stripe minnow 

 
Although no black-stripe minnows were captured during the survey, there were similarities in habitat 
and physio-chemical water properties between Southern 1, 2 and 3 and sites where black-stripe 
minnows were found during surveys conducted in the adjacent BORR Northern and Central Section 
during November 2018 (WRM unpub. data). Galeotti (2013) found that black-stripe minnows can 
occur across a range of water quality parameters, with no significant correlation between species 
occurrence and physio-chemical properties. Little is known about the salinity tolerances for the black-
stripe minnow, although they have been recorded at salinities up to 3,330 µs/cm (WRM unpub. data). 
It is unlikely that this would be a limiting factor for their distribution in the Southern Section 
investigation area except at Southern 5 (where EC was 9,420 µs/cm). 
 
Furthermore, it is considered likely that black-stripe minnows could occur at Southern 1, 2 and 3, given 
the proximity of these sites to Northern 9 (where black-stripe minnows were recorded in November 
2018 (WRM unpub. data)), and the likelihood of connectivity between these three sites during periods 
of heavy rainfall and high inundation. Surveys conducted within the Kemerton Nature Reserve 
(approx. 25 km north of Southern 1) have shown that black-stripe minnow populations will disperse 
in years of high rainfall, and although recorded continuously in some of the wetlands, were only 
recorded intermittently in others (MBS Environmental 2009). Due to the high mobility of the species 
and increased connectivity between wetlands in wetter years, it is possible that black-stripe minnows 
have migrated between wetlands and are still within the local area. It is also possible that seasonal 
fluctuations of presence/abundance of black-stripe minnows may occur, with the highest activity 
occurring between late June/early July and late September/early October (Smith et al. 2002). The 
survey conducted in November 2018 may have been timed slightly too late to capture them as waters 
were receding at the time of survey. Aestivation cues for the species are currently unknown.  
 
There has been a considerable decline in the number of known extant populations and the 
geographical distribution of the black-stripe minnow, largely due to climate change and habitat loss 
(Ogston et al. 2016). Increasing water temperatures and reduced rainfall have resulted in altered 
hydrology and water quality of ephemeral wetlands in the south-west. Species distribution modelling 
has indicated the presence of black-stripe minnow in southern wetlands is influenced by lower 
temperatures, pH and an increase in connectivity between pools (Ogston et al. 2016). Currently, 
information on aestivation duration, timing and physiological tolerances for the black-stripe minnow 
are unknown, however changes to water inundation extent and duration could alter the length of 
aestivation, thus adversely impacting reproduction and recruitment success. 
 
Survival of aestivating individuals in summer will likely depend upon soil moisture profiles which will 
be influenced by the extent of groundwater drawdown. To determine threshold levels, it is necessary 
to know dependence of aestivating fish on soil moisture, and depth to moisture, during summer. 
These will be affected by the extent of groundwater drawdown. Unlike some aestivating frog species, 
black-stripe minnows do not build a cocoon to aestivate, but rather they survive in the wet mud within 
the bed of the wetland (Howard Gill, Murdoch University, pers. comm.). As such, the depth to moisture 
within wetland sediments is important to the survival of this species. Specifics relating to the depth 
and duration of aestivation for this species are not currently known, with further research required in 
this area generally. Given their short, one-year lifecycle (Ogston et al. 2016), declines in groundwater 
levels as well as reductions in surface flows are highly likely to adversely affect this species. 
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4.4 Other fauna 

4.4.1 Turtles 

 
A total of 11 south-western snake-necked turtles, Chelodina colliei2 (Plate 6), were caught within the 
study area; from Southern 1, 2, 3 and 4. Chelodina colliei is endemic to the south-west of W.A. and is 
protected under the provisions of the Wildlife Conservation Act 1950. It is also listed on the IUCN 
Redlist of Threatened Species as Near Threatened (IUCN 2018). This species is restricted to the south-
west of Western Australia, between the Hill River in the north, Blackwood River in the south, and east 
to the Sussetta River (Cann 1998). Throughout this range, snake-necked turtles are known to occur in 
both permanent and seasonal habitats, including rivers, lakes, farm dams, swamps, damplands and 
natural and constructed wetlands (Balla 1994, Guyot and Kuchling 1998). They can migrate relatively 
long distances overland if local conditions deteriorate (Dr Gerald Kuchling, UWA, pers. comm.) and 
can aestivate to avoid drought in seasonal waterbodies for up to five to six months (Kuchling 1988, 
1989). Since their diet includes tadpoles, fish, and aquatic invertebrates, south-western snake-necked 
turtles only eat when open water is present. In permanent waters, this species has two nesting periods 
(September-October and December-January), but in seasonal systems, nesting will only occur in 
spring. Females can travel inland as far as 1 km to find appropriate nesting sites at this time (Clay 1981, 
Kuchling 1998). They generally nest in sandy soils, and eggs take up to two hundred days to hatch. The 
main threats to these turtles are road deaths during movement in the nesting season and predation 
by feral animals (Bencini and Turnbull 2012).  
 

 

 

Plate 6. South-western snake-necked turtle recorded from Northern 8. 

 
 
South-western snake-necked turtles captured during the current study ranged in size from 50 mm CL 
to 200 mm CL. Of the 11 turtles recorded, four were female, five were male and two were juvenile. 
Five were of size to be considered sexually mature. Clay (1981) indicates males reach sexual maturity 
at ≥ 130 mm CL and females at 160 mm CL. 
 
4.4.2 Crustaceans 

 
A total of 27 native decapod crustaceans (freshwater crayfish) were recorded during the survey, all 
gilgies (Cherax quinquecarinatus). Gilgies were recorded at all sites except Southern 6. This species is 

                                                           
2 This species was referred to as Chelodina oblonga in the past. However, there was some debate over species names and 
distributions. In 2013, the ICZN handed down its decision on nomenclature, with C. colliei given to the south-western snake-
necked turtle, and C. oblonga given to the northern snake-necked turtle (previously C. rugosa).  
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not listed for conservation significance, but is a south-west endemic, and has inland ranges that have 
been reduced due to salinisation (Morgan et al. 2011). 
 
4.4.3 Carter’s freshwater mussel 

 
Despite extensive survey effort, no Carter’s freshwater mussels were recorded at any of the sites. This 
is likely due to the ephemeral nature of the sites sampled, and lack of creeklines within the 
investigation area for survey (Klunzinger et al. 2012). 
 
4.4.4 Australian water rat 

 
No Australian water rats were recorded on any of the motion sensor cameras set up at each of the 
wetlands. A midden consisting of crustacean remains was observed at Southern 5 (Plate 7). However, 
it could not be confirmed whether this belonged to a water rat or another species (e.g. a herron or 
other wading bird). 
 

 

 

Plate 7. Midden consisting of crustacean remains at Southern 5. 
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5 CONCLUSIONS 

 
A targeted aquatic fauna survey was completed within the Southern investigation area for the 
proposed Bunbury Outer Ring Road in November 2018. In situ water quality and habitat was generally 
good across sites Southern 1, 2, 3, and 4, which were found to support native crayfish and turtles. 
Habitat and water quality at Southern 5 and 6 was considered more degraded, mostly due to the 
previous clearing of native riparian vegetation at these sites. 
 
The black-stripe minnow Galaxiella nigrostriata was not recorded during the survey, however it was 
recorded from Northern 9 (WRM unpub. data) during concurrent surveys conducted for the BORR 
Northern and Central Section. This site is in close proximity to the northern-most sites of this survey 
(i.e. within 500 m of Southern 1 and 2), with these wetlands possibly connected during periods of high 
rainfall. EC at Southern 1 and Southern 2 was marginally brackish but not likely to preclude black-
stripe minnows from inhabiting these sites. Any development within the survey area resulting in the 
clearing of vegetation, or removal or alteration of habitat through draining, infilling, and changes to 
hydrology or water quality may potentially affect the local population of the species known from 
Northern 9 (see WRM 2019). No western mud minnows were recorded, and it is considered unlikely 
they would occur in the study area given their preference for headwater stream habitats (as opposed 
to ephemeral wetlands). 
 
Carter’s freshwater mussels were not recorded at any sites within the Southern Section investigation 
area, this is likely due to the ephemeral nature of wetlands sampled and lack of creeklines in the area 
for survey (Klunzinger et al. 2012).  
 
No Australian water rats were recorded at any of the sites surveyed, however, it is still considered 
possible that this species occurs at wetlands within the study area, given the presence of suitable 
wetland habitat and prey in the form of crayfish at each wetland. 
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Table 10 Key findings for Conservation, Resource Enhancement and Multiple Use management category wetlands within the Survey Area

UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

Conservation

14478 Sumpland Basin 59.5 0.1 VT8 – Low open forest of
Eucalyptus rudis and
Melaleuca preissiana over
sedgeland

Cleared – Highly disturbed

Degraded to
Completely
Degraded

- This wetland is
located adjacent to
Bussell Highway and
the majority of the
wetland lies outside
the Survey Area.

Resource Enhancement

942 Sumpland Basin 6.4 1.5 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

Cleared – Highly disturbed

Good to
Completely
Degraded

Standing water
present.

WRM Southern 4
sample location.



UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1093 Sumpland Basin 10.8 2.0 VT2 – Open forest of
Eucalyptus marginata,
Corymbia calophylla, Banksia
attenuata and Agonis
flexuosa on Bassendean
dunes

VT8 – Low open forest of
Eucalyptus rudis and
Melaleuca preissiana over
sedgeland

Excellent to
Degraded

This wetland is fully
vegetated however
the majority is
located outside of
the Survey Area.

1094 Sumpland Basin 0.5 0.5 VT2 – Open forest of
Eucalyptus marginata,
Corymbia calophylla, Banksia
attenuata and Agonis
flexuosa on Bassendean
dunes

VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

Excellent to
Degraded

Mapped as RE
wetland but
boundary incorrect.
Area is E. marginata/
C. calophylla
woodland up slope
of the drainage
depressions.



UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1117 Sumpland Basin 3.5 1.3 VT3 – Corymbia calophylla
and Eucalyptus marginata +/-
Banksia spp.

VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

Cleared – Highly disturbed

Very Good to
Completely
Degraded

Cattle have been
excluded (fenced)

1112 Palusplain Flat 7.8 0.03 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

Good - The majority of this
wetland is located
outside of the Survey
Area.

Not Assessed

946 Dampland Basin 0.5 0.5 VT9c – Agonis flexuosa stands

Cleared – Highly Disturbed

Degraded to
Completely
Degraded

‘Unknown’ wetland
on Lot 244. A.
flexuosa (2-10%, 6-8
m) over pasture
grasses and weeds.

Juncus kraussii / J.
pallidus present.



UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

Multiple Use

929 Dampland Basin 26.7 5.8 VT1 – Open forest of
Eucalyptus marginata,
Corymbia calophylla and
Banksia attenuata on
Karrakatta deep sands

VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

VT10 – Parkland cleared with
scattered native / planted
species

Cleared – Highly disturbed

Degraded to
Completely
Degraded

Contains Banksia
PEC.

WRM Southern 6
sample location.

932 Dampland Basin 1.5 1.1 VT1 – Open forest of
Eucalyptus marginata,
Corymbia calophylla and
Banksia attenuata on
Karrakatta deep sands

Cleared – Highly disturbed

Completely
Degraded

- Private horse
exercise area located
within the wetland in
the Survey Area.
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LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
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AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
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(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

943 Dampland Basin 0.2 0.04 VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

Cleared – Highly disturbed

Degraded to
Completely
Degraded

- A small part of this
wetland intersects
the Survey Area and
is predominantly
cleared paddock.

949 Dampland Basin 119.8 3.3 VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

VT9b – Melaleuca
rhaphiophylla

VT10 – Parkland cleared with
scattered native / planted
species

Cleared – Highly disturbed

Good to
Completely
Degraded

E. rudis and M.
preissiana dampland

1113 Dampland Basin 0.1 0.01 Cleared – Highly disturbed Completely
Degraded

- UFI 1113 is cleared
paddock – the
majority of this
wetland is located
outside the Survey
Area

1165 Dampland Basin 1.2 1.2 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

Cleared – Highly disturbed

Good to
Completely
Degraded

- The majority of this
wetland is cleared
paddock



UFI WETLAND
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LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1167 Dampland Basin 6.8 2.5 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

Cleared – Highly disturbed

Good to
Completely
Degraded

Predominantly
cleared paddock
within the Survey
Area.

13228 Dampland Basin 162.9 17.4 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

VT9b – Melaleuca
rhaphiophylla

Cleared – Highly disturbed

Good to
Completely
Degraded

- This wetland
intersects the Survey
Area at Lot 2 on
Diagram 42706
(Holcim Quarry) –
which could not be
accessed during the
survey

UFI 13228 is
predominantly
cleared for rural and
mining activities.

15500 Dampland Basin 93.9 1.6 VT9d – Eucalyptus rudis and
Corymbia calophylla +/- M.
rhaphiophylla

Cleared – Highly disturbed

Degraded to
Completely
Degraded

- The majority of this
wetland is located
outside of the Survey
Area.
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LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
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(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1016 Palusplain Flat 15.5 0.01 Cleared – Highly disturbed Completely
Degraded

- The area of this
wetland that
intersects the Survey
Area has been
previously cleared
for agriculture.

1105 Palusplain Flat 4.4 0.002 Cleared – Highly disturbed Completely
Degraded

- Very small portion of
this wetland lies
within the Survey
Area - approx. 20-25
m2 of cleared
paddock.

947 Sumpland Basin 2.7 1.7 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

VT9c – Agonis flexuosa stands

Cleared – Highly disturbed

Good to
Completely
Degraded

Standing water
present.

WRM Southern 5
sample location.
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LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1015 Sumpland Basin 23.9 0.03 VT2 – Open forest of
Eucalyptus marginata,
Corymbia calophylla, Banksia
attenuata and Agonis
flexuosa on Bassendean
dunes

VT8 – Low open forest of
Eucalyptus rudis and
Melaleuca preissiana over
sedgeland

Cleared – Highly disturbed

Degraded to
Completely
Degraded

Approximately two
thirds of the
vegetation that
intersected the
Survey Area has
been previously
cleared for
agricultural purposes

1096 Sumpland Basin 1.2 1.2 VT2 – Open forest of
Eucalyptus marginata,
Corymbia calophylla, Banksia
attenuata and Agonis
flexuosa on Bassendean
dunes

VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

Excellent to
Degraded

Jarrah / Marri and
Banksia woodland in
lower area. Small
patches dominated
by Kunzea
glabrescens.

Disturbed, rubbish
and weeds. No
standing water or
damp areas present.



UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

1106 Sumpland Basin 32.1 15.7 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

Cleared – Highly disturbed

Good to
Completely
Degraded

Water present,
vegetation
dominated by
Melaleuca
rhaphiophylla and M.
preissiana,

Arum Lily present.

WRM Southern 1, 2
and 3 sample
locations.

1115 Sumpland Basin 2.9 1.3 Cleared – Highly disturbed Completely
Degraded

Some ponding within
cleared paddocks.

1122 Sumpland Basin 3.9 1.6 VT6 – Closed tall scrub of
Melaleuca preissiana,
Astartea scoparia and Kunzea
glabrescens over sedgeland

VT7 – Low open forest of
Melaleuca preissiana and

Very Good to
Completely
Degraded

- The majority of this
wetland within the
Survey Area is
cleared paddock.



UFI WETLAND
TYPE

LAND
FORM

MAPPED
EXTENT
(HA)

EXTENT IN
SURVEY
AREA (HA)

MAPPED VEGETATION TYPES
(BORR IPT, 2019)

MAPPED
VEGETATION
CONDITION
(BORR IPT, 2019)

PHOTOGRAPHIC POINTS OTHER COMMENTS

Melaleuca rhaphiophylla over
sedgeland

VT10 – Parkland cleared with
scattered native / planted
species

Cleared – Highly disturbed

1163 Sumpland Basin 21.1 1.8 VT1 – Open forest of
Eucalyptus marginata,
Corymbia calophylla and
Banksia attenuata on
Karrakatta deep sands

VT8 – Low open forest of
Eucalyptus rudis and
Melaleuca preissiana over
sedgeland

VT10 – Parkland cleared with
scattered native / planted
species

Cleared – Highly disturbed

Excellent to
Completely
Degraded

Tributary of Five Mile
Brook. The majority
of this wetland is
located outside of
the Survey Area.
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1166 Sumpland Basin 23.1 5.8 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9c – Agonis flexuosa stands

Cleared – Highly disturbed

Good to
Completely
Degraded

The majority of this
mapped wetland is
cleared paddock
within the Survey
Area. There was
standing water
present at time of
survey.

14471 Sumpland Basin 25.6 2.3 VT7 – Low open forest of
Melaleuca preissiana and
Melaleuca rhaphiophylla over
sedgeland

VT9a – Corymbia calophylla
and Eucalyptus marginata +/-
Agonis flexuosa with very
occasional E. gomphocephala

Cleared – Highly disturbed

Degraded to
Completely
Degraded

The majority of this
MU wetland is
located outside the
Survey Area.

Located in paddock,
grazed
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Search Criteria

On 8 June 2015, six identical Indigenous Land Use Agreements (ILUAs) were executed across the South West by the Western Australian Government and, respectively, the Yued, Whadjuk People, 

Gnaala Karla Booja, Ballardong People, South West Boojarah #2 and Wagyl Kaip & Southern Noongar groups, and the South West Aboriginal Land and Sea Council (SWALSC).

The ILUAs bind the parties (including 'the State', which encompasses all State Government Departments and certain State Government agencies) to enter into a Noongar Standard Heritage 

Agreement (NSHA) when conducting Aboriginal Heritage Surveys in the ILUA areas, unless they have an existing heritage agreement.  It is also intended that other State agencies and 

instrumentalities enter into the NSHA when conducting Aboriginal Heritage Surveys in the ILUA areas.  It is recommended a NSHA is entered into, and an 'Activity Notice' issued under the NSHA, if 

there is a risk that an activity will ‘impact’ (i.e. by excavating, damaging, destroying or altering in any way) an Aboriginal heritage site. The Aboriginal Heritage Due Diligence Guidelines, which are 

referenced by the NSHA, provide guidance on how to assess the potential risk to Aboriginal heritage.

Likewise, from 8 June 2015 the Department of Mines, Industry Regulation and Safety (DMIRS) in granting Mineral, Petroleum and related Access Authority tenures within the South West 

Settlement ILUA areas, will place a condition on these tenures requiring a heritage agreement or a NSHA before any rights can be exercised.

If you are a State Government Department, Agency or Instrumentality, or have a heritage condition placed on your mineral or petroleum title by DMIRS, you should seek advice as to the 

requirement to use the NSHA for your proposed activity.  The full ILUA documents, maps of the ILUA areas and the NSHA template can be found at 

https://www.dpc.wa.gov.au/swnts/South-West-Native-Title-Settlement/Pages/default.aspx. 

Further advice can also be sought from the Department of Planning, Lands and Heritage at heritageenquiries@dplh.wa.gov.au.

South West Settlement ILUA Disclaimer

2 Other Heritage Places in Shapefile - SouthEnviroSurveyArea_BORR_PCG94_20180730

Copyright

Copyright in the information contained herein is and shall remain the property of the State of Western Australia. All rights reserved.

Coordinate Accuracy

Coordinates (Easting/Northing metres) are based on the GDA 94 Datum. Accuracy is shown as a code in brackets following the coordinates.

Your heritage enquiry is on land within or adjacent to the following Indigenous Land Use Agreement(s): Gnaala Karla Booja People ILUA.

Disclaimer

The Aboriginal Heritage Act 1972 preserves all Aboriginal sites in Western Australia whether or not they are registered. Aboriginal sites exist that are not recorded on the Register of Aboriginal 
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1.0 Summary 
This report presents the findings from Distance Sampling surveys conducted to estimate the density 
(and population size) of Western Ringtail Possum (Pseudocheirus occidentalis) at over 40 sites across 
the species’ documented geographic range.  During the planning stage, the design and 
approach to this study were refined during presentations to, and discussions with the Western 
Ringtail Possum Recovery Committee and key ecologists within the Department of Biodiversity, 
Conservation and Attractions.   
 
The entire study surveyed 114,243 ha using 1,249 transects equating to a total effort of 1,287.2 km of 
transect.  Across these transects 2,939 detections of 3,677 individual WRP were made.  Survey 
effort was divided amongst the three WRP key management zones; Swan Coastal Plain, Southern 
Forest and South Coast. 
 
Within each of the management zones, sites were selected based on four key criteria: sites would 
ideally support, or once have supported, Western Ringtail Possums; sites represented the 
geographic extent of each management zone; sites were readily accessible to survey and sites 
needed to be sufficiently large to undertake distance sampling.  
 
Within and between study sites the average encounter rate (number of individual WRP per 
kilometre of transect) was found to be variable and ranged between 0 and 15.9, and for some 
sections of transects even higher encounter rates were recorded.  The variable encounter rates 
translate into variable density estimates both within and between sites, though no site yielded a 
higher average density than 3.98 WRP per hectare. 
 
Of the three key management zones, the surveyed area of the Swan Coastal Plain management 
zone yielded the greatest estimated abundance of WRP at 9,270 individuals, the Southern Forest 
management zone yielded an estimate of 7,500 individuals and the South Coast management 
zone yielded an estimate of 3,340, WRP. 
 
These three regional population estimates indicate a combined number in excess of 20,000 
individual WRP in the surveyed area, far exceeding that for the entire State as documented in the 
IUCN assessment (estimated at 3,400 mature individuals) (Burbidge and Zichy-Woinarski 2017).   
 
The methods and results of this study provide a useful framework for two major applications; to 
determine the potential impact of development projects upon local Western Ringtail Possum 
populations, and to understand the wider trends in population abundance and distribution (i.e. 
conservation status) of Western Ringtail Possum with these data providing a robust 2019 baseline.   
 
By successfully applying a unified survey method (line transect distance sampling) across a variety 
of geographic settings and vegetation types in each of the primary WRP Management Zones, this 
study also addressed the key Threatening Process identified in the Western Ringtail Possum 
Recovery Plan (Department of Parks and Wildlife 2017) “Gaps In Knowledge”.  Similarly addressed 
were several of the Recovery Plans Objectives.  This study therefore makes a significant 
contribution to the ongoing conservation efforts for the WRP.  
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2.0 Introduction 
This research was undertaken in response to a series of proposed developments by Main Roads, 
Western Australia, which will impact upon known populations of Western Ringtail Possum 
(Pseudocheirus occidentalis). This report presents the findings from surveys conducted to estimate 
the density of Western Ringtail Possum at over 40 study sites across the species’ documented 
geographic range (as defined in Burbidge and Zichy-Woinarski (2017)). It Is also aimed at fulfilling 
the most significant of the 10 Threatening Processes affecting the conservation status of the 
species as defined in The Western Ringtail Possum Recovery Plan: “Gaps in Knowledge” 
(Department of Parks and Wildlife 2017).  Gaps in Knowledge manifests in a variety of forms, 
constraining a unified conservation outcome for the species (Table 2.1).  
 
Understanding local and regional context of Western Ringtail Possum population density within 
project areas is critical to the assessment of impact. To date, assessments have been compromised 
by a lack of robust methodology and geographical context, leading to the risk that future proposals 
may likewise be compromised.   
 
The dearth of robustly derived abundance estimates, or even a consistent approach to estimating 
abundance, is recognised as a key knowledge gap and threatening processes identified in the 
Western Ringtail Possum Recovery Plan (the Recovery Plan; Department of Parks and Wildlife 2017).  
The recent (2018) elevation of the species’ conservation status to Critically Endangered (Burbidge 
and Zichy-Woinarski 2017) emphasises the importance of developing an accurate and robust 
estimate of the abundance of the species across its range and throughout the variety of habitats it 
occupies.   
 
Here we advocate that a consensus should be agreed on the metric used to describe populations, 
namely density, and that as long as a robust and repeatable technique is employed to estimate 
density then the actual technique is not critical.  For this study we have adopted line-transect 
distance sampling to estimate density and present our rationale as to why this should be the 
preferred technique in more detail below (Section 2.3.3) 
 

2.1 Report Structure 
The following parts of Section 2.0 summarises the most recent assessment of the conservation 
status of the Western Ringtail Possum (Burbidge and Zichy-Woinarski 2017; Section 2.2).  Section 
2.3 describes how this study aligns with the Recovery Plan (Department of Parks and Wildlife 2017).  
Section 2.4 provides a synopsis of distance sampling, including robustness and repeatability, and 
justification for its use for Western Ringtail Possum. The stakeholder engagement undertaken 
during the development, implementation and reporting of the study are detailed in Section 2.5. 

 
Section 3.0 describes our interpretation of the geographic extent of the five subpopulations 
identified in the most recent International Union for the Conservation of Nature (IUCN) 
conservation assessment (Burbidge and Zichy-Woinarski 2017), and where possible associates 
these with the species’ Management Zones as per the Recovery Plan (Department of Parks and 
Wildlife 2017).  Within the defined geographic extent of each of the subpopulations, the 
candidate study sites within which distance sampling was undertaken are identified.  Section 3.1 
provides a description of the field survey approach and the balance of Section 3.0 outlines the 
analyses using both conventional distance sampling (Section 3.3.1) and density surface modelling 
(Section 3.3.2). 

 
Section 4.0 presents the results of the survey. Summary statistics including the number of transects 
surveyed, effort (expressed as kilometres walked), number of detection events, number of 
individual animals sighted and encounter rates for each of the study areas are summarised in 
Section 4.1.  These data are described in greater detail for each study site and a frequency 
histogram of perpendicular distances (perpendicular distance from the transect to the sighting) 
and a basic plot of detection events are provided in a separate Technical Supplement (Biota 
2020).  Plots of detection events on high-resolution aerial imagery are similarly provided in the 
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Technical Supplement (Biota 2020).  Results of conventional distance sampling analyses including 
model selection for each of the study sites or for data pooled across study sites (where 
appropriate) are presented along with density and abundance estimates in Section 4.2.  At 
selected study sites density surfaces are modelled and described in Section 4.3.   
 
Section 5.0 discusses the findings of the study in respect of the provision of local and regional 
abundance context and revisits the identified knowledge gaps and key recovery objectives in 
light of the results.  
 

2.2 Conservation Status of the Western Ringtail Possum 
The most recent assessment of the conservation status of the Western Ringtail Possum took place 
in 2014 and was published in 2017 (Burbidge and Zichy-Woinarski 2017).  This re-assessment 
determined that the conservation ranking should be Critically Endangered under the IUCN Red 
List of Threatened Species.  The key elements justifying the ranking were that: 

• The species has an area of occupancy of <50,000 ha (area of occurrence 40,000 ha); 

• The species occurs in small, severely fragmented populations; 

• There was evidence of a continuing decline (threats being a drying climate, urban 
development, inappropriate fire regime, predation by foxes and cats); 

• The Upper Warren sub-population, which was identified as the largest prior to 2002, underwent 
a severe decline (>95%) between 1998 and 2009 (from >10,000 individuals to near extirpation); 

• Remaining fragmented populations in coastal habitats were also rapidly declining (equating 
to an overall population decline of >80% in the past 10 years); and 

• The above factors yielded a predicted further decline of >80% within the next 10 years. 
 
The following 2015 estimates of population size are quoted from the IUCN Red List for five 
subpopulations of Western Ringtail Possum with Ms B. Jones cited as the source: 

• Southern Swan:  2,000; 

• Cape to Cape:  500; 

• Other Forest Rivers:  300; 

• Upper Warren:  100; and 

• Around Albany:  500. 
 
These subpopulation estimates yield a 2015 total population number estimate of 3,400 adult 
Western Ringtail Possums (Burbidge and Zichy-Woinarski 2017).  At the time of the IUCN 
assessment, the Western Ringtail Possum was considered to occur “….patchily in coastal areas 
from near Bunbury to the Leeuwin-Naturaliste National Park and near Albany (B. Jones pers. 
comm).”  The authors go on to say that “Most of these fragmented habitat remnants are on 
private land” (Burbidge and Zichy-Woinarski 2017). 
 

2.3 Alignment with the Western Ringtail Possum Recovery 
Plan 

2.3.1 Threatening Processes 

The Recovery Plan (Department of Parks and Wildlife 2017) identifies 10 Threatening Processes 
affecting the conservation status of the species.  One of these ten, “Gaps in Knowledge”, 
manifests in a variety of forms, compromising a unified conservation outcome for the species.   
 
Initially, Gaps in Knowledge affect the basic data collection and reporting required to accurately 
assess the size and abundance of local populations.  Shedley and Williams (2014) clearly 
enunciate this problem when they state: 
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“However, knowledge of absolute abundance is limited because of a lack of 
comparable population estimates and variability in survey methods across the 
range of the western ringtail possum (Inions 1985, Jones et al. 1994b, de Tores 
2000, de Tores et al . 2004). Techniques used to census western ringtail possums 
commonly include spotlighting, drey (a nest typically formed from a mass of 
twigs) searches, distance sampling and scat counts (Wayne et al. 2005a ; de 
Torres and Elscot 2010) . However, variations in survey methodology 
compromise comparable estimates of abundance between studies, areas 
and over time”. 

 
The Recovery Plan (Department of Parks and Wildlife 2017) further emphasises the problem by 
stating: 
 

“Limited short term studies and anecdotal accounts have contributed most of the 
knowledge on the western ringtail possum. An understanding of the ecology and 
conservation status has also been constrained by the difficulty in surveying (detection of) 
this species (Inions et al. 1989, Jones et al. 1994b, de Tores 2000).” 

 
The Recovery Plan (Department of Parks and Wildlife 2017) lists eight shortfalls in knowledge, 
which we address in Table 2.1 with proposed mitigation measures arising from this study where 
relevant. 
 
2.3.2 Recovery Objectives 

The Recovery Plan (Department of Parks and Wildlife 2017) outlines a series of key recovery 
objectives that need to be met over the ten-year period.  The ones pertinent to this study, and 
that we feel are being met by its design, are outlined in Table 2.2, along with key anticipated 
deliverables.  These are re-visited in the Discussion based on the results of the study. 
 
2.3.3 Rationale for Selecting Distance Sampling 

In this study we have selected distance sampling as the preferred method to estimate Western 
Ringtail Possum density.  This approach is a thoroughly documented and published method 
(Buckland et al. 2001, Buckland et al. 2004, Buckland et al. 2015) for estimating animal density and 
thereby abundance, across a very broad range of species, including the Western Ringtail Possum 
(e.g. Biota 2018a, Biota 2018b, Biota 2018c, de Tores and Elscot 2010, Finlayson et al. 2010, 
Zimmermann 2010).   
 
In selecting distance sampling as the approach, we have discounted other sampling approaches 
whilst acknowledging that each has its uses in certain situations.  Arguably the most limited are 
unstructured spotlight surveys, drey counts or scat counts, which are not comparable across 
localities, surveyors or time but which remain useful for initial habitat appraisal.  Similarly, non-
spatial mark-recapture studies (such as non-spatial cage trapping studies) do not yield robust 
density estimates (Royle et al. 2013).   
 
While strip transects of known width and length provide density estimates, and where the 
assumption of complete detection is made (i.e. that all the animals within the strip are detected), 
they are most applicable to situations where habitat comprises small or narrow remnant vegetation 
strips such as road reserves or riparian belts. 
 
Spatially explicit capture recapture (Royle et al. 2013) and distance sampling both estimate the 
probability of detection and provide robust density estimates.  However, Western Ringtail Possums are 
rarely trapped, hence spotlighting (distance sampling) provides a more efficient sampling method.  
To obtain sufficient observations we have selected line transects as opposed to point transects.  
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Table 2.1: Knowledge gaps for Western Ringtail Possums identified in the Department of Parks and Wildlife (2017) Recovery Plan and mitigation of these incorporated into 
the design of this study. 

Knowledge Gaps Mitigation 
A lack of information on most populations that are small, isolated, and/or at the 
margins of the extant distribution, including the Waroona, Harvey, Collie, Shannon, 
Lower Warren and D’Entrecasteaux areas.  

We selected sites at the northern (Yalgorup) and south-western (Augusta) edges of 
the documented distribution.   

Robust survey methods appropriate for the various habitats that can provide reliable 
estimates of population density and/or abundance (as distinct from uncalibrated 
indices and indirect measures of abundance).   

Distance sampling is one of two techniques that robustly estimates density (and 
hence abundance), by accounting for detectability and the area effectively 
sampled.  

No strategic or co-ordinated long-term monitoring program across the species 
range that can quantify and track population trends over time. 

Site selection was undertaken in collaboration with local experts, and survey 
methods are clearly described.  Transect layouts are available as spatial files. These 
sites can be used as a foundation for future monitoring. 

The causes for decline are not completely understood.  Covariates of density may help explain which land management practices or other 
factors best predict density, thus allowing inferences regarding factors causing 
decline to be made. 

The relative importance and extent of threatening processes is generally not known 
for the species or for individual populations.  

Robust density estimation at some sites provides the opportunity to test the relative 
impact of threatening process as inferred from covariates (see above). 

Factors influencing population persistence in urban environments.  Significant sampling is done in peri-urban environments (and in large remnants).  
We have not designed this study to address this knowledge gap directly. 

Understanding the factors that improve the success of translocations.  Collection of environmental covariates at these study sites may help explain density 
and could be used to help identify suitable characteristics of potential recipient 
sites.  Two of the study sites, Yalgorup National Park and Leschanault Peninsula 
Conservation Park are both historical translocation sites. 

Habitat restoration/creation parameters/prescriptions and effectiveness.     Collection of additional environmental variables at the study sites may be used to 
help explain density, which may inform habitat restoration. 

 

Table 2.2: Recovery objectives for Department of Parks and Wildlife (2017) Western Ringtail Possums Recovery Plan and outputs from this study. 

Recovery Objective Outputs from this study 
Habitat critical for survival for Western Ringtail Possums is identified and protected in 
each key management zone.   

This study aims to sample a range of vegetation types and localities using a 
standardised approach and may identify areas of relatively high density, indicative of 
habitat critical for the survival of the species. 

Threatening processes that are constraining the recovery of Western Ringtail Possums 
are mitigated in each key management zone.  

By selecting density as the primary metric and nominating robust approaches for 
estimating density, this study will mitigate the Knowledge Gap Threatening Process 
(see Section 2.4 above).    

An evidence-based approach is applied to the management and recovery of 
Western Ringtail Possums.  

Distance sampling permits incorporation of variables that may assist in predicting 
density estimation, thereby providing a framework for an evidence based approach 

The management of displaced, orphaned, injured and rehabilitated Western Ringtail 
Ppossums aids the conservation outcome for the species.  

Understanding sites at which intact Western Ringtail Possum populations occur may 
help inform their suitability or otherwise as potential release sites. 

Increased awareness of the status of Western Ringtail Possums and support behaviour 
change to mitigate anthropogenic threatening processes. 

Collaboration with international experts on distance sampling and population 
modelling ensures a rigorous outcome.  The subsequent peer reviewed publication 
of the study in a suitable journal should facilitate awareness.   
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Line transect surveys using distance sampling protocols are a common method used to assess 
terrestrial mammal populations (Buckland et al. 2001, Thomas et al. 2010).  They have been 
recommended for use in estimating the density and abundance of Western Ringtail Possums (de 
Tores and Elscot 2010) and applied in several studies (e.g. Biota 2018a, Biota 2018b, Biota 2018c, de 
Tores and Elscot 2010, Finlayson et al. 2010, Zimmermann 2010).  Studies have shown that distance 
sampling delivers reliable results and is efficient for sampling large areas (Hounsome et al. 2005, 
Newson et al. 2008, Stenkewitz et al. 2010, Gottschalk and Huettmann 2011, Warren and Baines 
2011, Dick and Hines 2011), making it an appropriate choice for this study.  
 

2.4 Synopsis of Distance Sampling 
When conducting a survey, the observer may conduct a census of all individuals of the target 
species present at the survey site. That is, to obtain a complete census the observer must count all 
the individuals within a designated plot.  This is commonly called a strip transect. In the example 
shown in Figure 1A, the plot size (A) is 2" × 10, and the number of individuals (N) is 20. An estimate 
of density easily follows: 
 

&' = )/+   (Eq. 1) 
 

In many circumstances censuses work well.  For example, when the target species is sessile (e.g. 
plants, sea anemone), or if densities are high, technology can be utilised to ensure all individuals 
are detected (e.g. aerial photographs of seal colonies). In reality, however, it is rare that all 
individuals present in the survey area are actually detected. Typically, a portion of animals actually 
present in the survey site are missed by the observer. Without accounting for the portion of animals 
missed (the detectability of the target), the resulting estimate of density can be severely negatively 
biased. 
 
For example, in Figure 1B, only 11 animals were actually detected (even though there were 20 
present). Had N been taken to be 11, without accounting for detectability (as in Eq. 1), the 
resulting density estimate would have been 0.55 animals per km2, instead of 1 animal per km2. In 
order to account for detectability, Eq. 1 must be modified: 
 

&' = ,/-
.    (Eq. 2) 

 
where p is the probability of detection, essentially a correction factor for the proportion of animals 
present in the survey area but not actually detected. Distance sampling (Buckland et al. 2001) can 
be used to estimate p.  Here, we only consider line-transect sampling.  In line-transect sampling, the 
perpendicular distance between the transect and each detected animal is measured (Figure 1C). 
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Figure 2.1.  (A) a strip transect sampling example, where all animals along the transect out to distance w 

are detected (black dots). (B) a transect sampling example, where only a portion of animals 
present in the survey region are actually detected (black dots), and some animals are missed 
(grey dots). (C) a distance sampling example, where the perpendicular distances between 
the transect line (dark grey line) of all detected animals (black dots) are measured. Some 
animals may be present in the survey region but not detected (grey dots), and the distances 
these animals are from the transect line (dotted lines) are unobserved and unknown.  

 
!  
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In distance sampling, it is assumed the distances between the line transect and all animals in the 
survey area is uniformly distributed.  This is appropriate and valid if transects are placed at random 
and not perpendicular to a known density gradient like a road.  It is easy to visualise how the ratio of 
animals detected compared to animals actually present in the survey region changes with 
increasing distance between the line transect and the animals (Figure 2A). This decline occurs due to 
detectability (i.e. it is harder to detect animals at greater distance from the line transect). Since 
animals that were not observed are assumed to follow a uniform distribution (Figure 2B), the 
probability of detection, p, is the ratio between the detected animals (i.e. the area under the red 
curve in Figure 2B), and the total number of animals present (i.e. the area under the black line in 
Figure 2B).  
 
 

(A) 

 
(B) 

 
Figure 2.2.  (A) In distance sampling, the distances between the line transect and detected animals are 

measured. These can be plotted in a histogram of frequencies (hatched bars). That is, 120 
animals were observed within a distance of 0.25w from the transect. Animals that were present 
in the survey region but not detected are assumed to be uniformly distributed from the line 
transect, and are shown as grey bars. (B) A ‘line of best fit’ to the distance data, shown in red, 
whereby as distance increases from the line transect the frequency of observations 
decreases, whereas the underlying distribution of distances is shown as a solid black line 
remains constant with increasing distance (a uniform distribution). 

 
The red curve in Fig. 2B is essentially a detection function, g(x), i.e. what is the probability of 
detecting an animal given it is x m from the transect. To calculate the area under this red curve, 
we take the integral, and divide it by the area under the black rectangle, to obtain p: 
 

/0 ( 1 2345647
8

9    (Eq. 3) 
Once we have estimated p using distance sampling, we also know how many animals we 
detected along our transect (n), we can calculate the total number of animals present ()') and 
estimate D using Eq. 1. 
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2.5 Stakeholder Engagement 
During the site selection process, Biota presented and discussed the proposed design and 
approach to this study with the Western Ringtail Possum Recovery Committee.  Direct contact 
was made with a number of committee members to assist with site selection, including: 

• Ms Barbara Jones (biologist). 
• Sarah Comer, Regional Ecologist, Parks and Wildlife Service, South Coast Region, Department 

of Biodiversity, Conservation and Attractions (DBCA). 
• Deon Utber, Regional Leader Conservation, Parks and Wildlife Service, South Coast Region, 

DBCA. 
• Kim Williams, Regional Leader Nature Conservation, Southwest Region, Parks and Wildlife 

Service, DBCA. 
• Ian Wilson, Regional Leader, Nature Conservation, Warren Region. DBCA. 

• Dr Adrian Wayne, Senior Research Scientist, Science and Conservation Directorate, DBCA. 

• Dr Manda Page, Principal Zoologist, Biodiversity and Conservation Science, DBCA. 
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3.0 Methods 
3.1 Field Sampling Methods 
Line transect distance sampling surveys were undertaken at each of the 43 study sites.  Based on 
previous Western Ringtail Possum distance sampling surveys and fitted detection functions (Biota 
2018a, Biota 2018b, Biota 2018c), a minimum transect spacing of 75 m was considered optimal to 
maximise the effective area sampled in the survey, whilst ensuring individual possums were not 
detected at neighbouring transects.  At some survey sites a wider inter-transect spacing of 150 m 
was adopted to ensure adequate coverage of large sites, given available survey effort.  
 
Experienced observers independently walked transects using a high-powered head torch (Led 
Lenser XEO 19R model) to detect animals.  The location of each observation was recorded using 
a Hemisphere R330 Differential GPS or UniStrong UT10 tablet, typically providing accuracy to within 
1.5 m.  The following data were recorded for each observation: 
• species (Western Ringtail Possum, Common Brushtail Possum, Brush-tailed Phascogale, Fox and 

Cat);  
• observer;  
• animal location (i.e. the observer standing directly underneath the animal);  
• time;  
• number of individual animals;  
• status of individual animals (adult / independent animal, female with joey on back, female 

with joey at heel);  
• cue: seen (eyeshine), seen (no eyeshine) or heard; and 
• tree species.  

 

3.2 Study Regions  
Sampling was focussed on the Western Ringtail Possum subpopulations that were identified in the 
IUCN assessment (Burbidge and Zichy-Woinarski 2017), with the exception of the Inland Rivers 
subpopulation, which was not surveyed.  These subpopulations are variously overlapped by the 
key management zones identified in the Western Ringtail Possum Recovery Plan (Department of 
Parks and Wildlife 2017). The Swan Coastal Plain management zone encompasses the Swan 
Coastal Plain and the Cape to Cape subpopulations, the Upper Warren subpopulation is within 
the Manjimup management zone, and the Around Albany subpopulation is within the South 
Coast management zone (Figure 3.1). 
 
Surveyed sites on the edge of the Darling Range near Boyanup do not fall into any of the IUCN 
identified subpopulations, though they are within the Swan Coastal Plain management zone. 
 
Within the geographic extent of each of the IUCN subpopulations (described in further detail 
below), study sites were selected based on a number of criteria: 
• Given the primary purpose of providing local and regional context, sites would ideally support, 

or once have supported, Western Ringtail Possums.   
• Study sites needed to span the geographic extent of each of the subpopulations identified 

within the IUCN assessment (Burbidge and Zichy-Woinarski 2017).    
• Study sites were readily accessible to survey.  This largely precluded freehold land and meant 

that the majority of surveys were conducted on Crown Land. 
• Study sites needed to be sufficiently large to undertake distance sampling.  This required that 

there be space to position sufficient transects to estimate the encounter rate variance 
(nominally 16 (Buckland et al. 2001)) and would yield sufficient observations (typically 60 – 80 
(Buckland et al. 2001)) of Western Ringtail Possums to model density without re-sampling 
transects or pooling data across separate sites. 
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Figure 3.1: Western Ringtail Possum key management zones and IUCN sub-populations.  
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This study did not survey urban and peri-urban settings, riparian belts in agricultural settings, road 
reserves and smaller vegetation remnants (see criteria above), or the inland Rivers subpopulation 
(noted above). Some of these are known to support Western Ringtail Possums (Shedley and 
Williams 2014).  Also excluded from survey were vegetation assemblages or habitats considered 
unlikely to support Western Ringtail Possums, and exceptionally densely vegetated habitats that 
prevented thorough sampling.  Some coastal settings, including sections of the Leschenault 
Peninsula Conservation Park (Swan Coastal Plain), coastal scrub of the Leeuwin-Naturaliste 
National Park (Cape to Cape) and thickets of Hakea spp. Shrubland / Woodland complexes 
(Around Albany) are examples of densely vegetated habitats that were often impenetrable or 
nearly so.  Also excluded were vegetation communities where vision to the upper canopy and 
mid storey was restricted, including Karri Hazel, Trymalium odoratissimum, understorey of mature 
Karri, Eucalyptus diversicolor, forest, and thickets of Hakea spp. Shrubland / Woodland (Around 
Albany).  Most of the ‘difficult to sample’ vegetation types were encountered in the South Coast 
management zone, and the vegetation mapping of Sandiford and Barrett (2010) was used to 
exclude areas of unsampled vegetation from the area calculation for a given survey site. 
 
3.2.1 Swan Coastal Plain Management Zone 

3.2.1.1 Southern Swan Coastal Plain Study Sites and Survey Timing 

To estimate the area of this subpopulation we have adopted the boundary of the Swan Coastal 
Plain (sub-bioregion SWA02) as defined by the Interim Biogeographic Regionalisation of Australia 
(IBRA) (Thackway and Cresswell 1995).  This sub-bioregion largely coincides with that considered 
by Shedley and Williams (2014), who considered sites as far north as Myalup. This study includes the 
Western Ringtail Possum population in the Yalgorup National Park.  The species is not currently 
known from north of the Dawesville Channel.   
 
Total Western Ringtail Possum habitat in the Swan Coastal Plain IBRA bioregion (south of Myalup, 
Shedley and Williams 2014) has been estimated at 354 km2. Biota sampled approximately 35 km2 
(10%) of this habitat using a line-transect distance sampling approach.  A further 12 km2 of habitat 
was surveyed in Yalgorup National Park (this area is not mapped for Western Ringtail Possum 
habitat).  A total estimate of the potential Western Ringtail Possum habitat is derived by combining 
the Shedley and Williams (2014) estimate with the surveyed area of Yalgorup National Park. This 
yields 366 km2, of which 12.8 % was surveyed by this study. 
 
As part of the regional assessment, distance sampling surveys were conducted at eight study sites 
on the Southern Swan Coastal Plain (Figure 3.1, Table 3.1).  The three Tuart Forest National Park 
sections are named following Keighery and Keighery (2002).   
 
Land tenure and the area of each study site is given in Table 3.1.  In the case of the Leschenault 
Peninsula Conservation Park, Dardanup Conservation Park and Kemerton, the study site 
boundaries represent a portion of a larger extent of remnant vegetation (Figure 3.1).  For the 
Tuart Forest (excluding recently rehabilitated blocks) and Locke Nature Reserve, the study site 
encompasses the entirety of the remnant (Figure 3.1).   
 
Table 3.1: Study sites at which distance sampling for Western Ringtail Possum was undertaken on the 

Southern Swan Coastal Plain.  

Study Site Land Tenure Time of 
Survey 

Area of Study 
Site (ha) 

Yalgorup National Park Crown Land June 2019 589 
Yalgorup National Park - Martins Tank Crown Land June 2019 590 
Leschenault Peninsula Conservation Park Crown Land January 2019 257.7 
Kemerton  Freehold January 2019 581 
Tuart Forest - North (Minninup block) Crown Land January 2019 265 
Tuart Forest - Central (North, Lime Kiln, James and Buffer 
blocks) 

Crown Land January 2019 1,080 

Tuart Forest - South (Old 14, Hall, Webster and Bullock 
blocks) 

Crown Land January 2019 643 

Locke Nature Reserve Crown Land January 2019 107.5 
  Total: 4,113.2 
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In addition to the findings of the current survey program, density estimates of previous distance 
sampling surveys in the vicinity of Bunbury, carried out in the latter half of 2018 and first half of 2019 
for the proposed Bunbury Outer Ring Road project, are included.  These study sites are Reserve 
23,000 in the Shire of Capel, Lot 2 Boyanup – Picton Road, Lot 1 Ducane Road, various lots Ducane 
Road (Manea Park Bunbury) and various lots near Boyanup-West Road in the vicinity of Stratham, 
collectively referred to as Southern Lots (Table 3.2). 
 
Lot 2 on the Boyanup - Picton Road and the Southern Lots are freehold land, whilst Reserve 23,000 
in the Shire of Capel and Manea Park are Crown Land or Unallocated Crown Land.   
 
The study site boundaries and hence area estimates tabulated in Table 3.2 represent the entirety 
of the remnant in the case of Reserve 23,000 and Lot 2 Boyanup - Picton Road, and part of the 
remnant in the case of Manea Park, various lots Ducane Road and the Southern Lots Boyanup 
West Road. 
 

Table 3.2: Additional study sites at which recent (2018 and 2019) distance sampling has been completed 
in the Southern Swan Coastal Plain (as part of Main Roads Western Australia project work) and 
for which results are included in this document.  

Study Site Land Tenure Time of Survey Area of 
Study Site 

(ha) 
Reserve 23,000 Shire of Capel Crown Land August 2018 146.1 
Lot 2 Boyanup – Picton Rd Freehold August 2018 87.6 
Lot 1 Ducane Rd Crown Land August 2018 40.5 
Various Lots Ducane Rd Freehold July 2019 194 
Manea Park - Bunbury Part Crown Land and Unallocated 

Crown Land 
October 2018 155 

Southern Lots (Boyanup West 
Road Stratham) 

Freehold November 2018 188 

  Total: 811.2 
 
3.2.1.2 Dardanup and Crooked Brook Study Sites and Survey Timing 

The Dardanup and Crooked Brook study sites fall within the Swan Coastal Plain management 
zone, and within with the Southern Jarrah Forest IBRA sub-bioregion (Thackway and Cresswell 
1995).  Within this region two study sites were surveyed, both on Crown Land.  Both of the study 
sites were part of much larger remnants.  The area calculations presented Table 3.3 (and for 
which abundance has been estimated) are for the area surveyed.   
 
Table 3.3: Study sites at which distance sampling was undertaken between Dardanup and Crooked 

Brook.   

Study Site Land Tenure Time of Survey Area of Study Site 
(ha) 

Dardanup State Forest Crown Land December 2018 330.7 
Crooked Brook Crown Land July – August 2019 3,044.0 
  Total: 3,374.7 

 
3.2.1.3 Cape to Cape Study Sites and Survey Timing 

The Cape to Cape subpopulation falls within the Swan Coastal Plain management zone and for 
the purpose of this study coincides with the Warren and part of the Southern Jarrah Forest IBRA 
sub-regions (Thackway and Cresswell 1995).  Within this region eight study sites were surveyed, all 
on Crown Land. With the exception of Big Rock Nature Reserve, Yelverton and Augusta North 
each of the remaining study sites were part of much larger remnants.  The area calculations 
presented in Table 3.4 (and for which abundance has been estimated) for these study areas is 
constrained to the extent surveyed.   
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Table 3.4: Study sites at which distance sampling was undertaken in the Cape to Cape region.   

Study Site Land Tenure Time of Survey Area of Study Site 
(ha) 

Big Rock Nature Reserve Crown Land February 2019 72.0 
Leeuwin-Naturaliste National Park (Yallingup)  Crown Land February 2019 342.0 
Leeuwin-Naturaliste National Park (Canal 
Rocks) 

Crown Land February 2019 17.9 

Yelverton  Crown Land February 2019 1,128 
North East Margaret River State Forest Crown Land February 2019 2,125 
Woodjtup National Park (10 Mile Brook Dam) Crown Land February 2019 323.9 
Boranup Crown Land February - March 

2019 
222.0 

Augusta North Crown Land March 2019 89.3 
  Total: 4,320.1 

 

3.2.2 Southern Forest Management Zone  

3.2.2.1 Upper Warren Survey Timing 

The Upper Warren study site coincides with the Upper Warren subpopulation of the IUCN 
assessment and is entirely encompassed by the Manjimup management zone.   
 
3.2.2.2 Manjimup Study Sites and Survey Timing 

The Manjimup management zone also encompassed the four smaller study sites Dingup, 
Faunadale, Jardee and Linfarne.  Faunadale and Jardee were surveyed in their entirety, 
whereas only small sections of the entire extent of Dingup and Faunadale were surveyed (Figure 
3.5).  
 
Table 3.5: Study sites at which distance sampling was undertaken in the Warren management zone.   

Study Site Land Tenure Time of Survey Area of Study Site 
(ha) 

Upper Warren Crown Land February - March 
2019 

9,514.0 

Dingup Crown Land July 2019 118.0 
Faunadale Crown Land July 2019 84.4 
Jardee Crown Land July 2019 118.0 
Linfarne Crown Land July 2019 980.0 
  Total: 10,814.4 
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Figure 3.2: Study sites at which distance sampling surveys for the Western Ringtail Possum were 

undertaken for the Swan Coastal Plain and adjacent Dardanup and Crooked Brook locality. 
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Figure 3.3: Study sites at which distance sampling surveys for the Western Ringtail Possum were 

undertaken for the Bunbury Outer Ring Road Project. 
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Figure 3.4: Study sites at which distance sampling surveys for the Western Ringtail Possum were 

undertaken for the Cape to Cape region. 
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3.2.3 South Coast Management Zone  

3.2.3.1 Around Albany Study Sites and Survey Timing 

The Around Albany sub-population is within the South Coast management zone, which extends 
from Mt Manypeaks in the east to Walpole in the west. We have restricted study sites to an area 
coincident with the Albany Regional Vegetation Survey (ARVS; Sandiford and Barrett 2010).  The 
ARVS describes and maps vegetation types totalling 124,415 ha, surrounding the Albany town site 
by 30 km to the east and west and 20 km to the north.  The ARVS provides a thematic layer within 
which potential Western Ringtail Possum habitat can be identified, and for which density 
estimates can be examined for different vegetation types.  Nine sites were surveyed (Table 3.6), 
with additional transects surveyed at Mt Clarence to augment effort (see below).   
 
Most study site boundaries included the entire vegetation remnant. For Denmark Catchment 
State Forest and Gull Rock National Park the study area represented a portion of a larger area of 
remnant vegetation (Figure 3.6).  Surveys were attempted within the West Cape Howe and 
Torbay Campsite but were abandoned due to sampling difficulties associated with dense 
vegetation and poor detection probability of animals on transect. 
 
Table 3.6: Study sites at which distance sampling for Western Ringtail Possum was undertaken in the 

Around Albany subpopulation.   

Study Site Land Tenure Time of Survey Area of Study Site 
(ha) 

Cuthbert Crown Land July 2019 106.7 
Denmark Catchment State Forest  Crown Land March 2019 1,288.0 
Gull Rock National Park Crown Land March 2019 2,105.0 
Marbelup Nature Reserve Crown Land June 2019 107.0 
Millbrook Nature Reserve Crown Land March 2019 1,483 
Simpson Road Crown Land July 2019 257.0 
King River Crown Land June 2019 131.0 
Walmsley West Crown Land March 2019 161.1 
Walmsley East Crown Land March 2019 176.1 
Walmsley South Crown Land June 2019 59.8 
  Total: 5,874.7 

 

In addition to the above study sites, data from recently completed distance sampling in the 
Down Road Nature Reserve (Biota 2018d), Bakers Junction Nature Reserve (Biota 2018e) and at 
Mt Clarence and Mt Melville (Biota 2019) are also included.  During this study additional transects 
were completed at Mt Clarence to develop a more robust detection function for that study site. 
 

Table 3.7: Additional study sites at which recent (2018 and 2019) distance sampling has been completed 
in the Around Albany area (as part of Main Roads Western Australia project workˇ or on behalf 
of the Shire of Albany*) and for which results are included in this document.   

Study Site Land Tenure Time of Survey Area of Study Site 
(ha) 

Down Road Nature Reserveˇ Crown Land July 2018 363.0ˇ 
Bakers Junction Nature Reserveˇ Crown Land July 2018 843.0 
Mt Clarence* Crown Land April / May 2019 266.3 
Mt Melville* Crown Land April / May 2019 97.4 
  Total: 1569.7 

ˇ Excludes habitat that was burnt in the June 2018 fire. 
 
3.2.3.2 Frankland Study Site and Survey Timing 

The Frankland Study site, situated north of Denmark lies partly outside of the indicative boundary 
of the South Coast management zone and extended over a substantial area.  This study 
surveyed part of a large forest remnant. 
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Figure 3.5: Study sites at which distance sampling surveys for the Western Ringtail Possum were undertaken for the Cape to Cape region. 
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Figure 3.6: Study sites at which distance sampling surveys for the Western Ringtail Possum were undertaken for the Around Albany region. 
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3.3 Analyses 
3.3.1 Analyses of Distance Sampling (DS) Data 

Perpendicular distance data were analysed using the ‘Distance’ package (version 0.9.8, Miller 
2017) in the R statistical software (v, 3.5.2, R Core Team 2018) to estimate the Probability Detection 
Fuction (i.e. the probability of detecting a possum, given it is x m from the transect line).  
Variation in the Probability Detection Function caused by observers (factor covariate: observer) 
and study area (factor covariate: study area) were explored. Akaike’s Informative Criterion (AIC) 
was used to select between candidate models, such that models with a lower AIC were 
considered to be a relatively better fit to the data when compared to the candidate set of 
models investigated (Buckland et al. 2001).  However, a given model having the lowest AIC of 
those models in the candidate set does not necessarily imply the model is a good fit to the data. 
As such, visual inspection of model fit to histograms of the observed perpendicular distances and 
quantile-quantile (Q-Q) plots was undertaken, and a Cramér-von Mises (CvM) test was used to 
formally assess goodness of fit (Buckland et al. 2004).  
 
Within the results we provide the estimate of the encounter rate (n/L), where n was the number of 
observed clusters and L was the total length of the transect and the selected model was used to 
estimate the following parameters:  

1. the average probability of detection (p); 

2. a density estimate (!"); and 

3. an estimate of the number of animals in the specified area (#"). 
 
Two survey sites were omitted from the analysis: (1) Cuthbert (South Coast management zone), 
because insufficient survey effort was undertaken to effectively sample the site, and (2) Leschenault 
Peninsula Conservation Park (Swan Coastal Plain management zone) because of dense vegetation 
constraining our ability to walk transects.  Summary data for these two sites, including survey effort, 
encounter rate and total number of observations, are still provided. In addition, during surveys at one 
site (Upper Warren) it became apparent to field staff the vegetation was open and consequently 
the detection process was different to the other surveyed sites. Consequently, this site was modelled 
separately.  
 
3.3.2 Density Surface Modelling (DSM) 

In Distance Sampling (Section 2.4), estimates of density in the total survey region are obtained by 
extrapolating the estimated density in the covered region upwards, by the ratio of the total survey 
area that was actually surveyed (i.e. it is assumed the estimated density of animals in the covered 
region applies to the uncovered region). 
 
Alternatively, the spatial locations of detected animals (obtained via distance sampling) can be 
modelled according to a 2-dimensional spatial smooth, creating a density surface model (DSM) of 
the animals (Miller et al. 2013). To do this, the survey region is discretised. Line transects may have 
fallen within some grid cells in the discretised survey region (in which case, the encounter rate of 
animals within that grid cell is known, as is the survey effort, i.e. the transect length within each grid 
cell), or not (in which case there was no survey effort in the grid cell). The encounter rate of animals 
within each surveyed grid cell is corrected upwards based on distance sampling theory, to 
account for animals that were present but not detected. 
 
Explanatory variables within each grid cell across the survey region are known (e.g. latitude and 
longitude).  The relationship between the estimated density in each surveyed grid cell is modelled, 
accounting for survey effort, and extrapolated to grid cells that were not surveyed. This results in a 
spatial ‘map’ of where the animals are located within the survey region. The predicted abundance 
of the survey region can be obtained by summing the estimated abundance in each grid cell. This 
result differs slightly to that obtained via Distance Sampling, due to the reasons outlined above (the 
assumption that the estimated density in the covered region is applicable to the entire survey 
region); however, note that if survey coverage in the region is high, the estimates from DSM and DS 
will become approximately equal. 
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DSMs were fitted to all study sites, following Miller et al. (2013) using the ‘dsm’ package (v. 2.2.17, 
Miller et al. 2019) in the statistical program R (v. 3.5.2, R Core Team, 2018). Each survey region was 
discretised in to 75 m grid cells. The pooled detection function fitted to all Western Ringtail 
Possums observations across the three regions was used (excluding Upper Warren). A 2-
dimensional smooth was used (in x and y), without any other covariates.  
 
Since the detection function at Upper Warren was modelled separately to the other sites, a 
separate DSM for this site was developed. This was based on the detection function fitted to all 
detection events within Upper Warren. The DSM was developed in the same way as the other 
sites, however the influence of three other explanatory covariates (elevation, fire history and 
harvest history) on density estimates were explored.  
 
The percentage deviance explained was calculated for each model, and spatial autocorrelation 
for each DSM was checked. The predicted density surface of Western Ringtail Possums for each 
study site was then generated. 
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4.0 Results 
4.1 Summary Statistics 
The entire study surveyed 114,243 ha using 1,249 transects equating to a total effort of 1,287.2 km 
of transect.  Across these transects 2,939 detections of 3,677 individual Western Ringtail Possum 
were made.  These summary statistics are described for each subpopulation below and 
individual site descriptions are given in the Technical Supplement (Biota 2020). 
 
4.1.1 Swan Coastal Plain Management Zone 

4.1.1.1 Southern Swan Coastal Plain 

During the current distance sampling program, a total of 224 transects were surveyed for a 
combined total effort of 180.07 km within the Swan Coastal Plain region.  Across that effort, 940 
detections of 1,267 unique Western Ringtail Possum were made at an average encounter rate of 
7.04 individuals per kilometre.  Combining this effort with the 75.86 km across 115 transects 
surveyed using distance sampling as part of the Bunbury Outer Ring Road project (excluding 
surveys within nominal development footprints), yields a combined distance of 255.93 km and a 
combined total of 1,521 unique individual Western Ringtail Possum (Table 4.1).  Across those 
same transects, a total of 715 unique Common Brushed-tail Possums was recorded. 
 
Western Ringtail Possum were not detected at Kemerton but were recorded from all other study 
sites and at a relatively wide range of average encounter rates (1.18 to 15.93 individuals per 
kilometre) (Table 4.1). The highest average encounter rate was from Tuart Forest North (Minninup 
block) study site, which yielded 15.93 individuals per kilometre (Table 4.1).  Higher encounter rates 
were yielded from some individual forest blocks within the Tuart Forest Central study site.  For 
example, an encounter rate of 20.93 individual Western Ringtail Possum per kilometre was 
recorded across transects from the Bullock, Hall and Webster blocks.  Still higher encounter rates 
were yielded from individual transects, for example, transect M_D_14 (Tuart Forest North study site) 
yielded 46 individual Western Ringtail Possum along its length of 2,048.1 m, resulting in an 
encounter rate of 22.5 individuals per kilometre, and 19 individuals were recorded from the 511.4 
m of LN_D_09 (Tuart Forest Central study site) yielding an encounter rate of 37.2 individuals per 
kilometre. 
 
Generally, the encounter rates from the sites near Bunbury were lower than for sites further south 
on the Swan Coastal Plain. The exception to this generalisation was at the Tuart Forest Central 
study site where the average encounter rate of 5.92 individuals per kilometre was lower than the 
encounter rate of 6.17 individuals per kilometre recorded from the Lot 2 Boyanup – Picton Road 
study site (Table 4.1).  However, there was considerable variation across the individual forest 
blocks: North, Lime Kiln, James and Buffer comprised the Tuart Forest Central study site, but the 
two southern blocks (James and Buffer) yielded a relatively low encounter rate of 4.0 individuals 
per kilometre that was almost half that calculated for the northern two blocks in the same study 
site (North and Lime Kiln) at 7.9 individuals per kilometre. 
 
Aside from differences in real abundance, the encounter rate is clearly also a function of the 
probability of detection for any given distance from the surveyed transect and can vary between 
study sites depending on a variety of factors, the most obvious (for this survey) perhaps being the 
thickness of vegetation.  The probability of detection assessed via statistical modelling (see 
Section 4.0) was found to significantly change across key management zones and therefore 
direct comparison of encounter rates needs bear this in mind. 
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Table 4.1: Key summary statistics for Western Ringtail Possum detections in Swan Coastal Plain Region 
study sites (raw data). 

Study Site No. of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter Rate  
(per km)  

Individuals 
Encounter Rate  
(per km) 

Yalgorup National 
Park (North) 

52 49.16 75 86 1.53 ± 0.18 1.75 ± 0.21 

Yalgorup National 
Park (Martins Tank) 

73 32.42 109 128 3.36 ± 0.51 3.95 ± 0.63 

Leschenault Peninsula 
Conservation Park 

16 6.94 7 10 1.01 1.44 

Kemerton 23 20.3 0 0 0 0 
Tuart Forest North 10 12.18 157 194 12.89 ± 1.48 15.93 ± 1.82 
Tuart Forest Central 62 69.88 293 414 4.19 ± 0.39 5.92 ± 0.57 
Tuart Forest South 67 39.9 391 534 9.79 ± 0.83 13.38 ± 1.17 
Locke Nature Reserve 22 8.58 80 98 9.32 ± 1.62 11.42 ± 0.21 
Reserve 23,000 Shire 
of Capel 

40 18.2 55 74 3.02 ± 0.54 4.06 ± 0.75 

Lot 2 Boyanup – 
Picton Rd 

8 8.87 52 58 5.86 ± 0.45 6.54 ± 0.50 

Lot 1 Ducane Road 10 5.08 5 6 0.98 1.18 
Ducane Lots 30 22.74 45 55 1.98 ± 0.34 2.42 ± 0.42 
Manea Park 28 20.36 74 103 3.63 ± 0.49 5.06 ± 0,79 
Southern Lots 26 21.51 24 32 1.11 ± 0.28 1.49 ± 0.36 
Grand Total 467 336.12 1367 1792 4.07 5.33 

 
4.1.1.2 Dardanup and Crooked Brook 

The survey of the Dardanup and Crooked Brook study sites traversed 127 kilometres across 127 
transects and yielded 145 detections of 163 unique individuals (Table 4.2).  No detections were 
made from Dardanup State Forest despite a search effort of 20.7 kilometres.  The average 
encounter rate in Crooked Brook was relatively low at 0.99 ± 0.15 individuals per kilometre 
however, almost half of the transects (52 of 107) failed to yield any detections.  On the remaining 
transects, some detection rates were relatively high, for example, along the 2.49 kilometres of 
transect CB_D_146A a total of 16 individuals were detected yielding a detection rate of 6.42 
individuals per kilometre.   
 
Table 4.2: Key summary statistics for Western Ringtail Possum detections in the Dardanup and Crooked 

Brook study sites (raw data). 

Study Site Number 
of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter 
Rate (per 
km)  

Individuals 
Encounter 
Rate (per 
km) 

Dardanup State 
Forest 

20 21.7 0 0 0 0 

Crooked Brook 107 164.7 145 163 0.88 ± 0.13 0.99 ± 0.15 
Grand Total 127 186.4 145 163   
 
4.1.1.3 Cape to Cape 

Within the area coincident with the Cape to Cape subpopulation, a total of 220 transects were 
surveyed for a combined total effort of 158.6 km.  Across that effort, 487 detections of 627 unique 
Western Ringtail Possum were made at an average encounter rate of 3.95 individuals per 
kilometre.   
 
Western Ringtail Possum were not detected from the 14.5 km of transects within the Margaret 
River North East State Forest or from the 10.5 km of transects within the Wooditjup National Park 
(adjacent the 10 Mile Brook Dam).  Western Ringtail Possum were recorded from all other 
surveyed sites with a general trend of decreasing encounter rates from the northern sites (Big 
Rock and Yallingup) to the southern sites (Boranup and Augusta North) (Table 5.2). 
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Table 4.3: Key summary statistics for Western Ringtail Possum detections in the Cape to Cape study sites 
(raw data). 

Study Site Number 
of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter 
Rate (per 
km)  

Individuals 
Encounter 
Rate (per 
km) 

Big Rock 22 8.98 78 97 8.69 ± 0.85 10.81 ± 
1.15 

Yallingup 43 24.15 224 284 9.27 ± 0.85 11.56 ± 
1.16 

Canal Rocks 6 2.01 14 18 6.97 ± 1.85 8.97 ± 2.36 
Yelverton 82 73.5 154 207 2.09 ± 0.24 2.82 ± 0.37 
Margaret River NE 
State Forest 

19 14.43 0 0 0 0 

Wooditjup National 
Park (part) 

12 10.48 0 0 0 0 

Boranup 24 16.45 15 18 0.91 ± 0.34 1.09 ± 0.42 
Augusta North 12 8.57 2 3 0.23 ± 0.16 0.35 ± 0.26 
Grand Total 220 158.59 487 627   
 

4.1.2 Southern Forest 

4.1.2.1 Upper Warren and Manjimup 

Within the Upper Warren study area and across four additional sites in the vicinity of Manjimup 
(Faunadale Nature Reserve, Dingup, Jardee and Linfarne) (see Figure 3.5), a total of 151 transects 
were surveyed for a combined total effort of 320.4 km.  Across that effort, 228 detections of 260 
unique Western Ringtail Possum were made (Table 4.4).  
 
Western Ringtail Possums were recorded from all study sites within the Manjimup region, though at 
variable encounter rates.  The highest average encounter rate (6.16 ± 0.64 individuals per 
kilometre) was recorded from Faunadale Nature Reserve and was over three times as high as 
Jardee (1.76 ± 0.37), almost an order of magnitude higher than the Upper Warren (0.70 ± 0.14) 
and significantly higher than Dingup (0.23 ± 0.09) and Liinfarne (0.06 ± .04) (Table 4.4).  Though 
the average encounter rate within the 9,514 hectares of the Upper Warren was low (in 
comparison to Faunadale and many other study sites throughout the species range), individual 
encounter rates across different transects was variable ranging between nil encounters (on 44 of 
the 91 transects) through to 6.55 per kilometre along the 2.9 kilometres of transect MJ_76A.  
 

Table 4.4: Key summary statistics for Western Ringtail Possum detections in the Upper Warren, Dingup, 
Faunadale, Jardee and Linfarne study sites (raw data). 

Study Site Number of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter 
Rate (per 
km)  

Individuals 
Encounter 
Rate (per 
km) 

Upper Warren 91 251.47 153 175 0.61 ± 0.12 0.70 ± 0.14 
Dingup 8 17.32 4 5 0.23 ± 0.09 0.29 ± 0.14 
Faunadale 17 10.56 58 65 5.49 ± 0.66 6.16 ± 0.64 
Jardee 13 6.83 11 12 1.61 ± 0.34 1.76 ± 0.37 
Linfarne 22 34.20 2 3 0.06 ± 0.04 0.09 ± 0.07 
Grand Total 151 320.38 228 260   
 

4.1.3 South Coast 

4.1.3.1 Around Albany 

Within the area encompassed by our definition of the Around Albany subpopulation, a total of 
272 transects were surveyed for a combined total effort of 269.9 km.  Across that effort, a total of 
685 detections were made yielding a total of 806 unique Western Ringtail Possums. 
 
Western Ringtail Possums were not detected from the almost 16 kilometres of transects at the 
Redmond West study site but were recorded from all other study sites.  The encounter rates of 
individual Western Ringtail Possums from those study sites where detections were made varied 
between 0.28 ± 0.28 individuals per kilometre (Cuthbert study site) to 13.08 ± 1.52 individuals per 
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kilometre (Walmsley West study site).  The encounter rate at Walmsley West was amongst the 
highest encounter rates recorded from any of the study sites visited by the current survey. 
 
Table 4.5: Key summary statistics for Western Ringtail Possum detections in the Around Albany study sites 

(raw data). 

Study Site Number 
of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter 
Rate (per 
km)  

Individuals 
Encounter 
Rate (per 
km) 

Bakers Junction Nature 
Reserve 

18 31.97 50 55 1.56 ± 0.37 1.72 ± 0.43 

Cuthbert 5 7.13 1 2 0.14 ± 0.14 0.28 ± 0.28 
Down Road Nature 
Reserve 

29 35.84 80 86 2.23 ± 0.30 2.34 ± 0.35 

Gull Rock Nature 
Reserve 

17 25.63 5 6 0.20 ± 0.09 0.23 ± 0.11 

King River 13 13.63 44 51 3.23 ± 0.56 3.74 ± 0.60 
Marbelup 15 12.31 31 39 2.52 ± 0.51 3.17 ± 0.66 
Millbrook Nature 
Reserve 

39 40.10 14 19 0.35 ± 0.10 4.74 ± 0.15 

Mount Clarence 35 23.84 143 165 6.00 ± 0.58 6.92 ± 0.68 
Mount Melville 34 10.44 58 74 5.56 ± 1.08 7.09 ± 1.58 
Redmond West 14 15.86 0 0 0 0 
Simpson Road 16 22.64 27 29 1.19 ± 0.20 1.28 ± 0.21 
Walmsley East 14 10.80 65 80 6.01 ± 0.93 7.41 ± 0.11 
Walmsley South 9 7.64 36 42 4.71 ± 0.75 5.50 ± 0.90 
Walmsley West 19 12.1 131 158 10.84 ± 

0.98 
13.08 ± 
1.52 

Grand Total 272 269.9 685 806   
 
4.1.3.2 Frankland 

Nine transects totalling 12.89 kilometres in length were surveyed in the Frankland study site without 
detecting any Western Ringtail Possums.  Effort was curtailed at this site and focussed in the 
Crooked Brook Study Site that seemed more prospective.  The site is not considered in the 
analyses below as it was not surveyed thoroughly. 
 
Table 4.6: Key summary statistics for Western Ringtail Possum detections in the Frankland study area (raw 

data). 

Survey Site Number of 
Transects 

Effort 
(km) 

Number of 
Detections 

Number of 
Individuals 

Detections 
Encounter 
Rate (per 
km)  

Individuals 
Encounter 
Rate (per 
km) 

Frankland 9 12.89 0 0 0 0 
 

4.2 Distance Sampling Analyses 
4.2.1 All Sites 

Distance data were excluded from two sites: (1) Leschenault Peninsula Conservation Park 
because it was not effectively sampled during the survey due to the often-impenetrable 
vegetation and our inability to stay consistently on transects, and (2) Cuthbert because of 
insufficient survey effort. 
 
Perpendicular distance data were pooled across the remaining 43 study sites and plotted as a 
histogram to determine whether evasive movement of animals was occurring prior to detection.  
Stepped lower initial intervals that increase away from the centreline can indicate movement 
away from the observers, while initially high then decreasing intervals indicate potential 
movement towards observers and both can lead to bias in density estimation.  The resulting 
histogram (Figure 4.1) was not suggestive of either evasive movement or movement towards the 
observer. 
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Figure 4.1: Histogram of pooled perpendicular distances to detections of Western Ringtail Possums. 

 
For the analyses, truncation distance was set to 25 m.  Six Study Sites, Augusta North, Cuthbert, 
Dingup, Gull Rock Nature Reserve, Linfarne and Lot 1 Ducane Rd at which six or fewer detections 
were made (following truncation) were excluded from the initial analyses that examined Study 
Site as an explanatory variable on the detection function.   
 
The form of the detection function was first investigated (half normal versus hazard-rate versus 
uniform-cosine), and then the significance of explanatory variables (Study Site, IUCN sub-
population and Management Zone) was explored.  Study Sites were initially analysed separately 
(i.e. a different detection function was fitted to each study site) and then grouped, first based on 
which subpopulation they fell into and then secondly into their respective key management zone.  
Dardanup and Crooked Brook were assigned their own subpopulation (Whicher), as they were 
not associated with any of the subpopulations identified in the IUCN assessment.  The rationale 
for grouping sites into IUCN subpopulations and key management zones ensured with-group sites 
were more similar (i.e. more geographically proximal to each other with similar environmental 
conditions) to between-group sites.  These models were tested against the null model that 
assumed constant selection across all study sites (i.e. a single detection function pooled across all 
observations and sites).   
 
Based on AIC model selection, the best fitting model was a half-normal detection function form, 
with detection varying by study site (i.e. probability of detecting Western Ringtail Possums was 
found to change between study sites; Table 4.7)  However, examination of the resultant plot of 
study site specific detection functions (Figure 4.2), revealed that the probability of detection at 
the Upper Warren was markedly different from all other study sites, a view supported by observers 
in the field who noted that the habitat was much more open when compared to habitat at other 
study sites.  Based on this finding, the Upper Warren data were considered separately and the 
remaining sites were re-analysed.  The resultant AIC values are shown in Table 4.8.  In this 
comparison, the probability of detection of the preferred model varied by key management 
zone rather than by study site.   
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Table 4.7. AIC scores for each model fitted to the pooled Western Ringtail Possum data excluding sites 
with fewer than 6 detections. 

Form Model AIC 
Half normal Varies by study site 15906.40 
Half normal Varies by key 

management zone 
15910.35 

Half normal Varies by 
subpopulation 

15913.12 

Observer Varies by observer 15924.81 
Half normal Null model 15930.27 

 

	
Figure 4.2. Plot of ‘best-fitting’ model to the pooled Western Ringtail Possum perpendicular distance data.  

Upper Warren detections represented by upper series of open circles. 

 

Table 4.8. AIC scores for each model fitted to the pooled Western Ringtail Possum data excluding sites 
with fewer than 6 detections and the Upper Warren. 

Form Model AIC dAIC 
Half normal Varies by key 

management zone 
15428.50 0 

Half normal Varies by study site 15429.36 0.86 
Half normal Varies by 

subpopulation 
15431.27 2.77 

Observer Varies by observer 15436.72 8.22 
Half normal Null model 15442.45 13.95 
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Using a single detection function at the level of key management zone or subpopulation 
permitted data from the Augusta North, Cuthbert, Linfarne and Lot 1 Ducane Rd study sites to be 
included in the dataset and all the data were reanalysed and model selection repeated.  
Detection varying by key management zone was again found to be the preferred model (Table 
4.9) and the resulting plot of the ‘best model’ fit is shown in Figure 4.3.  

 

Table 4.9. AIC scores for each model fitted to the pooled Western Ringtail Possum data including all 
study sites except the Upper Warren. 

Form Model AIC dAIC 
Half normal Varies by key 

management zone 
15544.83 0 

Half normal Varies by 
subpopulation 

15547.62 2.79 

Half normal Null model 15558.77 13.94 
 

	
Figure 4.3. Plot of ‘best-fitting’ model to the pooled (excluding the Upper Warren) Western Ringtail Possum 

perpendicular distance data. 

 
The Cramer-von Mises goodness of fit test indicated that the key management zone model was a 
good fit to the data (a test statistic of 0.07, p-value of 0.79). 
 
Table 4.10 and Table 4.11 tabulate summary statistics following truncation at 25 m, as opposed to 
the data exploration presented above, which used raw data.  Table 4.10 presents the summary 
for clusters, that is, each detection whether it was of one, two or three or more individuals, whilst 
Table 4.11 provides summary statistics at the level of the individuals.   
 
The summary statistics for clusters include: 
• Area (ha) representing the entire area of the surveyed polygon; 
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• Covered Area (ha) equivalent to total Effort multiplied by 50 m (i.e. 25 m (the truncation 
distance) either side of the transect) and represents the area surveyed after truncation; 

• Effort (in metres) or the combined length of surveyed transects; 
• n, the number of detections following truncation at 25 m; 
• k, the number of surveyed transects; 
• ER, the subsequent encounter rate (following truncation) given as the number of individuals 

per metre of transect; 
• se ER the standard error of the Encounter Rate; and 
• cv ER the coefficient of variation of the Encounter Rate. 
 
The summary at the level of individuals (Table 4.11) includes the same elements as described 
above for clusters, but in addition provides Mean size were size is the number of individuals in 
each cluster and the se Mean, that is, the standard error of the mean cluster size. 
 
The remaining two tables (Table 4.12 and Table 4.13) provide estimates of density at the level of 
individuals and then abundance also at the level of the individual.  So for example, in Tuart Forest 
Central and from Table 4.12, estimated density D̂ is 1.32 Western Ringtail Possums per hectare, 
Area is 1,079.0 ha, and so it follows that estimated abundance can be calculated as N̂ = D̂ × A ≈ 
1,420 individuals. 
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Table 4.10. Summary of detected clusters within the pooled study sites (except the Upper Warren) (truncation at 25 m). 

Study Site Area Covered Area Effort n k ER se.ER cv.ER 
Augusta North 89.3 42.9 8.57 2 12 0.23 0.16 0.70 
Bakers Junction Nature Reserve 843.0 159.9 31.97 43 18 1.34 0.32 0.24 
Big Rock Nature Reserve 72.0 44.9 8.98 70 22 7.80 0.98 0.13 
Boranup 222.0 82.2 16.45 11 24 0.67 0.28 0.42 
Crooked Brook 2,588.0 823.7 164.73 129 107 0.78 0.12 0.15 
Cuthbert 106.7 35.7 7.13 1 5 0.14 0.15 1.06 
Dardanup State Forest 330.7 108.7 21.75 0 20 0.00 0.00 0.00 
Dingup 118.0 86.6 17.32 4 8 0.23 0.09 0.41 
Down Road Nature Reserve 363.0 179.2 35.84 76 29 2.12 0.28 0.13 
Faunadale 84.4 52.8 10.56 51 17 4.83 0.55 0.11 
Frankland 796.1 64.5 12.90 0 9 0.00 0.00 0.00 
Gull Rock National Park 360.0 128.1 25.63 5 17 0.20 0.09 0.48 
Jardee 118.0 34.1 6.83 9 13 1.32 0.30 0.23 
Kemerton 673.0 101.5 20.30 0 23 0.00 0.00 0.00 
King River 131.0 68.1 13.63 41 13 3.01 0.55 0.18 
Leeuwin-Naturaliste National Park (Canal Rocks) 17.9 10.0 2.01 14 6 6.97 1.85 0.27 
Leeuwin-Naturaliste National Park (Yallingup) 342.0 120.8 24.15 210 43 8.69 0.75 0.09 
Linfarne 980.0 171.0 34.20 1 22 0.03 0.03 1.02 
Locke Nature Reserve 107.5 42.9 8.58 76 22 8.85 1.53 0.17 
Lot 1 Ducane Road 40.5 25.4 5.08 5 10 0.98 0.43 0.43 
Lot 2 Boyanup - Picton Road 87.6 44.4 8.87 44 8 4.96 0.79 0.16 
Manea Park - Bunbury 155.0 101.8 20.36 61 28 3.00 0.48 0.16 
Marbelup Nature Reserve 107.0 61.6 12.31 31 15 2.52 0.51 0.20 
Martins Tank 590.0 178.8 35.77 100 73 2.80 0.46 0.16 
Millbrook Nature Reserve 1,483.0 200.5 40.09 13 39 0.32 0.10 0.29 
Mt Clarence 266.3 119.2 23.84 130 35 5.45 0.56 0.10 
Mt Melville 97.4 52.2 10.44 54 34 5.17 0.96 0.19 
North East Margaret River State Forest 2,125.0 72.2 14.43 0 19 0.00 0.00 0.00 
Redmond West 354.0 79.3 15.86 0 14 0.00 0.00 0.00 
Reserve 23,000 Shire of Capel 146.1 91.0 18.21 49 40 2.69 0.52 0.19 
Simpson Road 257.0 113.2 22.64 50 16 2.21 0.37 0.17 
Southern Lots (Boyanup West Road Stratham) 188.0 107.6 21.51 24 26 1.12 0.28 0.25 
Tuart Forest - Central 1,079.0 349.4 69.88 228 62 3.26 0.29 0.09 
Tuart Forest North 265.0 60.9 12.18 139 10 11.41 1.16 0.10 
Tuart Forest South 630.0 199.5 39.90 351 67 8.80 0.77 0.09 
Various Lots Ducane Road 194.0 113.7 22.74 42 30 1.85 0.33 0.18 
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Study Site Area Covered Area Effort n k ER se.ER cv.ER 
Walmsley East 176.1 54.0 10.80 58 14 5.37 0.80 0.15 
Walmsley South 59.8 38.2 7.64 35 9 4.58 0.81 0.18 
Walmsley West 161.1 60.4 12.08 119 19 9.85 0.93 0.09 
Woodjtup National Park (10 Mile Brook Dam) 323.9 52.4 10.48 0 12 0.00 0.00 0.00 
Yalgorup National Park 589.0 245.8 49.16 66 52 1.34 0.17 0.13 
Yelverton 1,128.0 367.5 73.51 132 82 1.80 0.22 0.13 
Total 18,845.4 5146.6 1029.32 2474 1144 2.40 0.11 0.04 

 

Table 4.11. Summary of detected individuals within pooled study sites except the Upper Warren (truncation at 25 m). 

Study Site Area Covered Area Effort n ER se.ER cv.ER mean.size se.mean 

Augusta North 89.3 42.9 8.57 3 0.35 0.26 0.75 1.50 0.50 
Bakers Junction Nature Reserve 843.0 159.9 31.97 46 1.44 0.35 0.24 1.07 0.04 
Big Rock Nature Reserve 72.0 44.9 8.98 87 9.69 1.20 0.12 1.24 0.05 
Boranup 222.0 82.2 16.45 13 0.79 0.35 0.45 1.18 0.12 
Crooked Brook 2,588.0 823.7 164.73 146 0.89 0.14 0.16 1.13 0.03 
Cuthbert 106.7 35.7 7.13 2 0.28 0.30 1.06 2.00 0.00 
Dardanup State Forest 330.7 108.7 21.75 0 0.00 0.00 0 0.00 0.00 
Dingup 118.0 86.6 17.32 5 0.29 0.14 0.47 1.25 0.25 
Down Road Nature Reserve 363.0 179.2 35.84 81 2.26 0.33 0.15 1.07 0.03 
Faunadale 84.4 52.8 10.56 58 5.49 0.55 0.10 1.14 0.05 
Frankland 796.1 64.5 12.90 0 0.00 0.00 0 0.00 0.00 
Gull Rock National Park 360.0 128.1 25.63 6 0.23 0.11 0.47 1.20 0.20 
Jardee 118.0 34.1 6.83 10 1.47 0.34 0.23 1.11 0.11 
Kemerton 673.0 101.5 20.30 0 0.00 0.00 0 0.00 0.00 
King River 131.0 68.1 13.63 47 3.45 0.62 0.18 1.15 0.07 
Leeuwin-Naturaliste National Park (Canal Rocks) 17.9 10.0 2.01 18 8.97 2.36 0.26 1.29 0.13 
Leeuwin-Naturaliste National Park (Yallingup) 342.0 120.8 24.15 267 11.05 1.05 0.10 1.27 0.03 
Linfarne 980.0 171.0 34.20 1 0.03 0.03 1.02 1.00 0.00 
Locke Nature Reserve 107.5 42.9 8.60 92 10.70 1.91 0.18 1.21 0.06 
Lot 1 Ducane Road 40.5 25.4 5.08 6 1.18 0.59 0.50 1.20 0.20 
Lot 2 Boyanup - Picton Road 87.6 44.4 8.87 50 5.63 0.87 0.15 1.14 0.05 
Manea Park - Bunbury 155.0 101.8 20.36 88 4.32 0.79 0.18 1.44 0.07 
Marbelup Nature Reserve 107.0 61.6 12.31 39 3.17 0.66 0.21 1.26 0.08 
Martins Tank 590.0 178.8 35.77 119 3.33 0.58 0.17 1.19 0.04 
Millbrook Nature Reserve 1,483.0 200.5 40.09 17 0.42 0.13 0.32 1.31 0.17 
Mt Clarence 266.3 119.2 23.84 150 6.29 0.67 0.11 1.15 0.03 
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Study Site Area Covered Area Effort n ER se.ER cv.ER mean.size se.mean 

Mt Melville 97.4 52.2 10.44 67 6.42 1.31 0.20 1.24 0.06 
North East Margaret River State Forest 2,125.0 72.2 14.43 0 0.00 0.00 0 0.00 0.00 
Redmond West 354.0 79.3 15.86 0 0.00 0.00 0 0.00 0.00 
Reserve 23,000 Shire of Capel 146.1 91.0 18.21 66 3.62 0.73 0.20 1.35 0.07 
Simpson Road 257.0 113.2 22.64 54 2.39 0.41 0.17 1.08 0.04 
Southern Lots (Boyanup West Road Stratham) 188.0 107.6 21.51 32 1.49 0.36 0.24 1.33 0.10 
Tuart Forest - Central 1,079.0 349.4 69.88 323 4.62 0.43 0.09 1.42 0.04 
Tuart Forest North 265.0 60.9 12.18 170 13.96 1.42 0.10 1.22 0.04 
Tuart Forest South 630.0 199.5 39.90 477 11.95 1.06 0.09 1.36 0.03 
Various Lots Ducane Road 194.0 113.7 22.74 52 2.29 0.41 0.18 1.24 0.07 
Walmsley East 176.1 54.0 10.80 72 6.67 1.04 0.16 1.24 0.06 
Walmsley South 59.8 38.2 7.64 40 5.24 0.99 0.19 1.14 0.06 
Walmsley West 161.1 60.4 12.08 142 11.75 1.37 0.12 1.19 0.04 
Woodjtup National Park (10 Mile Brook Dam) 323.9 52.4 10.48 0 0.00 0.00 0 0.00 0.00 
Yalgorup National Park 589.0 245.8 49.16 76 1.55 0.20 0.13 1.15 0.05 
Yelverton 1,128.0 367.5 73.51 176 2.39 0.33 0.14 1.33 0.04 
Total 18,845.4 5,146.6 1,029.32 3,098 3.01 0.14 0.05 1.25 0.01 
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Table 4.12. Summary of estimated density of Western Ringtail Possum individuals within each 
of the study sites (except the Upper Warren). 

Study Site Estimate se cv lcl ucl df 
Augusta North 0.10 0.08 0.75 0.02 0.44 11.02 
Bakers Junction Nature Reserve 0.49 0.12 0.24 0.29 0.81 17.63 
Big Rock Nature Reserve 2.76 0.35 0.13 2.13 3.58 22.40 
Boranup 0.23 0.10 0.44 0.09 0.54 23.12 
Crooked Brook 0.25 0.04 0.16 0.18 0.35 110.28 
Cuthbert 0.10 0.10 1.06 0.01 1.05 4.01 
Dardanup State Forest 0.00 0.00 0.00 0.00 0.00 0.00 
Dingup 0.09 0.04 0.49 0.03 0.26 7.78 
Down Road Nature Reserve 0.77 0.12 0.15 0.56 1.04 30.88 
Faunadale 1.70 0.25 0.15 1.26 2.28 78.29 
Frankland 0.00 0.00 0.00 0.00 0.00 0.00 
Gull Rock National Park 0.08 0.04 0.47 0.03 0.21 16.16 
Jardee 0.45 0.12 0.26 0.26 0.77 17.86 
Kemerton 0.00 0.00 0.00 0.00 0.00 0.00 
King River 1.17 0.22 0.18 0.79 1.73 12.81 
Leeuwin-Naturaliste National Park 
(Canal Rocks) 2.55 0.68 0.26 1.31 4.97 5.07 

Leeuwin-Naturaliste National Park 
(Yallingup) 3.15 0.31 0.10 2.59 3.83 46.81 

Linfarne 0.01 0.01 1.02 0.00 0.05 21.49 
Locke Nature Reserve 3.05 0.55 0.18 2.11 4.42 21.67 
Lot 1 Ducane Road 0.34 0.17 0.50 0.12 0.97 9.04 
Lot 2 Boyanup - Picton Road 1.60 0.25 0.16 1.12 2.31 7.30 
Manea Park - Bunbury 1.23 0.23 0.19 0.85 1.79 27.81 
Marbelup Nature Reserve 1.07 0.23 0.21 0.69 1.67 14.71 
Martins Tank 0.95 0.17 0.18 0.67 1.34 74.43 
Millbrook Nature Reserve 0.14 0.05 0.32 0.08 0.27 38.83 
Mt Clarence 2.13 0.24 0.11 1.70 2.67 40.78 
Mt Melville 2.17 0.45 0.21 1.44 3.29 34.74 
North East Margaret River State Forest 0.00 0.00 0.00 0.00 0.00 0.00 
Redmond West 0.00 0.00 0.00 0.00 0.00 0.00 
Reserve 23,000 Shire of Capel 1.03 0.21 0.20 0.69 1.55 39.99 
Simpson Road 0.81 0.14 0.17 0.56 1.17 16.13 
Southern Lots (Boyanup West Road 
Stratham) 0.42 0.10 0.24 0.26 0.70 25.43 

Tuart Forest - Central 1.32 0.13 0.10 1.09 1.60 68.16 
Tuart Forest North 3.98 0.41 0.10 3.15 5.01 9.90 
Tuart Forest South 3.40 0.31 0.09 2.84 4.08 74.81 
Various Lots Ducane Road 0.65 0.12 0.18 0.45 0.94 29.93 
Walmsley East 2.26 0.36 0.16 1.61 3.17 14.19 
Walmsley South 1.77 0.34 0.19 1.15 2.74 8.49 
Walmsley West 3.98 0.48 0.12 3.10 5.12 20.97 
Woodjtup National Park (10 Mile Brook 
Dam) 0.00 0.00 0.00 0.00 0.00 0.00 

Yalgorup National Park 0.44 0.06 0.13 0.34 0.57 54.12 
Yelverton 0.68 0.09 0.14 0.52 0.90 85.48 
Total 0.68 0.02 0.04 0.63 0.73 742.01 
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Table 4.13. Summary of estimated abundance of Western Ringtail Possum individuals within 
the study sites (except Upper Warren). 

Study Site Estimate se cv lcl ucl df 
Augusta North 8.90 6.71 0.75 2.03 38.96 11.02 
Bakers Junction Nature Reserve 410.87 100.44 0.24 247.49 682.09 17.63 
Big Rock Nature Reserve 198.75 25.02 0.13 153.27 257.71 22.40 
Boranup 49.97 22.22 0.44 20.76 120.30 23.12 
Crooked Brook 653.26 104.80 0.16 476.31 895.94 110.28 
Cuthbert 10.14 10.70 1.06 0.92 111.83 4.01 
Dardanup State Forest 0.00 0.00 0.00 0.00 0.00 0.00 
Dingup 10.52 5.10 0.49 3.63 30.52 7.78 
Down Road Nature Reserve 277.91 41.88 0.15 204.71 377.27 30.88 
Faunadale 143.21 21.26 0.15 106.75 192.13 78.29 
Frankland 0.00 0.00 0.00 0.00 0.00 0.00 
Gull Rock National Park 28.55 13.56 0.47 10.99 74.20 16.16 
Jardee 53.40 13.84 0.26 31.24 91.27 17.86 
Kemerton 0.00 0.00 0.00 0.00 0.00 0.00 
King River 153.06 28.18 0.18 103.11 227.21 12.81 
Leeuwin-Naturaliste National 
Park (Canal Rocks) 45.71 12.08 0.26 23.50 88.90 5.07 

Leeuwin-Naturaliste National 
Park (Yallingup) 1,076.74 105.26 0.10 884.91 1310.16 46.81 

Linfarne 8.85 9.06 1.02 1.53 51.33 21.49 
Locke Nature Reserve 328.15 59.04 0.18 226.56 475.29 21.67 
Lot 1 Ducane Road 13.62 6.78 0.50 4.70 39.48 9.04 
Lot 2 Boyanup - Picton Road 140.57 21.90 0.16 97.77 202.11 7.30 
Manea Park - Bunbury 190.83 35.34 0.19 130.98 278.02 27.81 
Marbelup Nature Reserve 114.84 24.12 0.21 73.70 178.96 14.71 
Martins Tank 559.02 97.86 0.18 395.45 790.25 74.43 
Millbrook Nature Reserve 213.03 67.52 0.32 113.93 398.35 38.83 
Mt Clarence 567.68 63.41 0.11 453.34 710.86 40.78 
Mt Melville 211.72 43.74 0.21 139.79 320.66 34.74 
North East Margaret River State 
Forest 0.00 0.00 0.00 0.00 0.00 0.00 

Redmond West 0.00 0.00 0.00 0.00 0.00 0.00 
Reserve 23,000 Shire of Capel 150.81 30.41 0.20 100.74 225.77 39.99 
Simpson Road 207.70 36.20 0.17 143.97 299.65 16.13 
Southern Lots (Boyanup West 
Road Stratham) 79.65 19.47 0.24 48.52 130.74 25.43 

Tuart Forest - Central 1,420.46 137.25 0.10 1171.90 1721.75 68.16 
Tuart Forest North 1,053.39 109.66 0.10 835.57 1327.99 9.90 
Tuart Forest South 2,144.84 195.39 0.09 1,789.54 2570.68 74.81 
Various Lots Ducane Road 126.37 22.63 0.18 87.91 181.67 29.93 
Walmsley East 397.63 63.20 0.16 283.48 557.73 14.19 
Walmsley South 106.09 20.44 0.19 68.61 164.05 8.49 
Walmsley West 641.52 77.87 0.12 498.86 824.97 20.97 
Woodjtup National Park (10 Mile 
Brook Dam) 0.00 0.00 0.00 0.00 0.00 0.00 

Yalgorup National Park 259.35 34.07 0.13 199.53 337.12 54.12 
Yelverton 769.20 105.99 0.14 585.64 1010.30 85.48 
Total 12,826.32 454.93 0.04 11,963.87 13,750.94 742.01 
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4.2.2 Upper Warren Only 

During data collection, it became apparent to field personnel that the vegetation at 
Upper Warren was very open and consequently the detection process was different 
to the other surveyed sites. This was demonstrated above, whereby the detection 
function for the Upper Warren was markedly different to all other sites (Figure 4.2). 
Consequently, this site was modelled separately. Here, the truncation distance was 
set to 55 m. Based on AIC model selection, the half-normal and hazard rate were 
considered equivalent (i.e. the AIC of each was within 2 dAIC), and the half-normal 
detection function was selected (Table 4.14). Based on the Cramer-von Mises 
goodness of fit test, the selected model was a good fit to the data (i.e. a test statistic 
of 0.05, p-value of 0.9). 
 
Table 4.14: AIC scores for each model fitted to the Upper Warren Western Ringtail Possum 

data. 

Form Model AIC dAIC 
Hazard rate Null model 944.73 0 
Half normal Null model 945.14 0.41 

 

	
Figure 4.4. Plot of ‘best-fitting’ model to the Upper Warren Western Ringtail Possum 

perpendicular distance data. 

Table 4.15 and Table 4.16 tabulate summary statistics following truncation of the 
Western Ringtail Possum perpendicular distance data at 55 m, as opposed to the 
data exploration presented above, which used raw data (Table 4.4 
 
Table 4.15. Summary of detected clusters within the Upper Warren (truncation at 55 m). 

Study Site Area Covered Area Effort n k ER se.ER cv.ER 
Upper Warren 95,142.7 2,766.2 

 
251.47 140 

 
91 0.56 0.1 0.2024 

 
Table 4.16. Summary of detected individuals within the Upper Warren (truncation at 55 m). 

Study 
Site Area 

Covered 
Area Effort n ER se.ER cv.ER mean.size se.mean 

Upper 
Warren 

95,142.7 2,766.2 
 

251.47 159 6e-
04 

1e-
04 

0.2056 1.1357 0.029 
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Table 4.17. Summary of estimated density of Western Ringtail Possum individuals within the 
Upper Warren. 

Study Site Estimate se cv lcl ucl df 
Total 9e-06 2e-06 0.22 6e-06 1.4e-05 117.1382 

 
 
A summary of estimated abundance (of individuals) is given below (i.e. in Upper 
Warren, D̂ is 8. 8.853372e-06, A is 951427223, and it follows that N̂ = D̂ × A ≈ 8,423 
individuals) (Table 4.18). 
 
Table 4.18. Summary of estimated abundance of Western Ringtail Possum individuals within 

the Upper Warren. 

Region Estimate se cv lcl ucl df 
Total 8,423.339 

 
1,856.536 
 

0.22 5,472.19 
 

12,966.03 
 

117.14 
 

 

4.3 Density Surface Modelling 
4.3.1 All Sites 

DMSs were fitted to all sites, using only x and y coordinates in the spatial smooth. 
Results are presented in the Technical Supplement (Biota 2020). 
 
4.3.2 Upper Warren Only 

Three covariates were explored in the Upper Warren: fire history, elevation and 
harvest history (Figure 4.5 a, c and e). All covariates were representatively sampled in 
the survey (Figure 4.5 b, d and f). Model selection was based on deviance, so the 
model with the lowest deviance (the elevation model, Table 4.19) was deemed the 
best fitting model of those fitted. Please note, the absence of finding an effect of fire 
history and harvesting history on the distribution of Western Ringtail Possums in the 
Upper Warren does not mean there is no effect, especially given the paucity of the 
data (especially harvest history, Figure 4.5c and Figure 4.6c). 
 
For each model, the deviance, percentage deviance explained, and the estimated 
abundance are provided in Table 4.19. Depending on the model, abundance 
estimates ranged between 6,389 (under a fire covariate) compared to 7,354 (under 
the null model), whereas under standard distance sampling, the estimated 
abundance was 8,423 (Table 4.18). 
 
Spatial maps for each model are provided in Figure 4.6 in order of deviance. 
 
Table 4.19. Model deviances. 

Model Deviance %devExplained Nhat 95%CI 
Elevation 301.2735 59 7,292 (5,805, 9,161) 
Null 303.3703 50 7,354 (6,022, 8,980) 
Harvest 318.345 56 6,830 (5,615, 8,309) 
Fire 318.3368 56 6,389 (5,271, 7,744) 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

  
 
Figure 4.5 Plot of Upper Warren survey site discretised in to 75 m grid cells, with fire history 

(a), harvest history (c) and elevation (e) overlaid with transect locations when a 
possum was detected (black grid cell) or not (grey grid cell). Often, explanatory 
variable information was missing, especially for harvest history (c), noting high 
number of cells recorded as NA, and also fire history (a). Corresponding 
explanatory variables shown with amount available for sampling (grey bars) 
and that which was actually sampled (dark grey bars) (b, d and f, respectively). 
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(c) (d) 

  
 
Figure 4.6.  Predicted spatial density map of WRTP based on (a) the null model (i.e., a simple 

x and y spatial smooth), (b) elevation, (c) harvest history and (d) fire history. All 
models consistently predict a ‘hot spot’ of WRTP in the top central-NE. Harvest 
history (c) and fire history (d) were data depauperate, hence the high number of 
grid cells with no prediction (shown as grey cells). The absence of finding a 
significant effect of either of these two variables does not mean there is no 
effect, and is likely caused by a paucity of input data. 
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5.0 Discussion 
This study considered Western Ringtail Possum density and abundance estimates, using 
Distance Sampling, a proven robust and repeatable methodology (Buckland et al 2001, 
Buckland et al 2014, Buckland et al 2015, Miller et al 2013, Thomas et al 2010).  The 
population estimate from this study indicated in excess of 20,000 individual Western Ringtail 
Possum occurred in the surveyed area across the Western Ringtail Possum Recovery Plan’s 
three management zones (Department of Parks and Wildlife 2017) (see also Figure 3.1). This 
is a significant increase over the 2014 estimate of 3,400 individuals published in the most 
recent IUCN estimate (Burbidge and Zichy-Woinarski 2017). 
 
The Western Ringtail Possum abundance estimates increased in each of the three 
management zones delineated in the Western Ringtail Possum Recovery Plan (Department 
of Parks and Wildlife 2017).  The surveyed footprint of the Swan Coastal Plain management 
zone yielded the greatest estimated abundance of Western Ringtail Possum at 9,270 
individuals, with the majority (around 6,500) occurring in the Swan Coastal Plain IBRA region. 
The well-documented stronghold for the species, the Tuart forests between Busselton and 
Bunbury (Shedley and Williams 2014, Jones et al. 1994; de Tores et al., 2005), yielded some of 
the highest estimated densities (3.40 –3.98 individuals/ha (at the study site level)) and the 
relatively large remnants sampled support some of the largest populations of the species.  
 
A relatively large estimated population of Western Ringtail Possum was found to occur in 
the Southern Forest management zone, principally in the expansive Upper Warren study site. 
A combined estimate of approximately 7,500 individuals far exceeds that documented in 
the IUCN assessment (estimated at 100 mature individuals (Burbidge and Zichy-Woinarski 
2017)).  
 
The South Coast management zone yielded an estimate of 3,340 individuals within a 30 km 
around the Albany townsite.  This is the least well surveyed of the three key management 
zones and has the potential to have a much larger population in the event that a larger 
area be surveyed.  
 
The population estimate of greater than 20,000 Western Ringtail Possums from this study is 
likely to be an underestimate as urban and peri-urban settings were excluded from the 
study even though these can be strongholds for the species (Van Helden et al. 2018, 
references in Shedley and Williams 2014). In addition, the management zone ‘Other Forest 
Rivers’ was also not surveyed due to logistical constraints. 
 
Clearly, natural population processes and changing environmental conditions will result in 
abundances fluctuations over time. Therefore, when citing the results of this study, authors 
should explicitly state that these estimates were derived for 2019. It is also important to note 
that the abundance estimates include all individuals and not just adults, as is the case for 
the IUCN conservation assessment. Most importantly, the abundance estimate reported 
here should not be referred to as the ‘total population’ or as the ‘population size’ of the 
Western Ringtail Possum in Western Australia, since this study surveyed only a portion 
(approximately 114,243 ha) of the available habitat. 
 
The 2019 survey data and methods provide a strong population baseline and a means of 
directly assessing the effectiveness of management actions (such as fire management, 
logging, predator control, re-vegetation etc.). The 2019 survey data also permits impact 
assessment on population abundance as well as appraising environmental trends, such as 
rainfall, groundwater levels, and habitat structure and composition (e.g. dieback disease, 
tree senescence) on species persistence. 
 
In addition to estimating abundance, the robust methods utilised here developed density 
surface models that can be used to monitor changes in local (within survey sites) possum 
distribution following environmental management interventions or impacts, and in responses 
to both seasonal and long-term environmental changes. For instance, high-resolution 
density surface models can be applied to test the effect of burning, re-vegetation or tree 
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senescence upon local Western Ringtail Possum distributions. This level of data interrogation 
can be applied to high-value areas where habitat for the species is subjected to planned, 
or unplanned, disturbance or change. 
 
The Western Ringtail Possum Recovery Plan identifies “Gaps In Knowledge” as a primary 
Threatening Process. The Recovery Plan identified two main factors contributing to 
knowledge gaps; a lack of comparable survey methods previously used to estimate 
abundance (see also Shedley and Williams 2014), and general difficulties encountered 
when surveying and detecting the species (Department of Parks and Wildlife 2017). 
 
This study successfully applied a unified survey method (line transect distance sampling) 
across a variety of geographic settings and vegetation types in each of the key 
management zones. Distance sampling is considered a best practice method to obtain 
spatially robust estimates of density, because it accounts for uncertainty in detectability. 
Therefore, this approach also addressed the second key gap identified by the Recovery 
Plan: difficulty in detecting species, clearly demonstrating that distance sampling is a 
feasible method for estimating density and abundance of the Western Ringtail Possum. This 
supports previous publications that have advocated the use of distance sampling 
(Finlayson et al. 2010, references in Department of Parks and Wildlife 2014), however this 
current study extends these earlier appraisals by applying it to 42 study sites across the 
geographic range of the species. 
 
Line transect distance sampling is not suitable for every setting or proposal where 
abundance estimates of Western Ringtail Possums are required. Our initial site selection 
process excluded sites that were considered too small or poorly shaped (narrow riparian 
zones and road reserves) for effective line transect distance sampling. General guidance 
around the number of transects required to estimate the encounter rate variance and the 
number of detection events required to model a detection function (Buckland et al. 2001) 
were followed to exclude unsuitable sites. Additionally, urban settings were excluded even 
though these can be strongholds for the species (Van Helden et al. 2018, references in 
Shedley and Williams 2014). Other approaches are better suited for these settings. Some 
sites were excluded where site conditions precluded distance sampling or gave us 
considerable doubt as to whether key underlying assumptions were likely to be met. For 
example, vegetation of near coastal sand dunes within Leschenault Peninsula Conservation 
Park and some parts of the Canal Rocks study site were extremely thick 
and precluded walking transects. Within the Karri Forest of West Cape Howe National Park, 
the understorey of Karri Hazel obscured a clear view along the transect and thus reduced 
certainty that detections could be made directly on the transect (a critical assumption of 
single observer distance sampling, Buckland et al. 2001). The geographic scale and 
remoteness of parts of the contiguous forest of the Upper Warren study site (9,500 ha) 
necessitated additional planning to accommodate the range of variation in some 
environmental variables (including logging and fire history), and to overcome logistical 
constraints (including the safety of observers). Larger inter-transect spacing and careful 
planning and coordination with local 
authorities enabled this expansive study site to be surveyed.  
 
The use of robust density estimation as the common reporting metric when describing 
Western Ringtail Possum populations will allow direct comparisons of density estimates from 
different localities and/or different times. In addition, practitioners can select from a toolbox 
of methods to overcome methodological limitations imposed by site conditions. Some of 
these approaches and the settings in which they might be appropriate are tabulated 
below (Table 5.1). 
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Table 5.1. Sampling methods available to document Western Ringtail Possum populations. 

Approach Metric Pros Cons Example settings 
Distance Sampling 
(either line- transect 
or point transect) 

Spatially robust density 
estimate 

• Accounts for uncertainty of 
detection. 

• Pooling robustness. 
• Yields density estimation. 
• Doesn’t require trapping. 
• Improved accuracy of hand-help 

GPS units negates requirement for 
physically measuring perpendicular 
distance with either laser-range 
finders (problematic in dense 
vegetation) or tape measures. 

 

• Impracticable when study sites 
are narrow strips e.g. road 
reserves or riparian belts, or when 
vegetation is difficult to traverse. 

• Typically requires 60 – 80 
observations to model detection  

• Requires formal analyses. 
• Field techniques requires people 

familiar with distance sampling 
protocols. 

• Typically requires probability of 
detection on transect be 1 (unless 
compensatory approaches are 
used) 

Larger remnants where 
sufficient transects can 
be surveyed.  
 
Repeat sampling can 
overcome insufficient 
numbers of observations 
to model a detection 
function.   

Spatially Explicit 
Capture Recapture 

Spatially robust density 
estimate 

• Animals can be marked using a 
number of techniques (e.g. 
traditional marking methods like ear 
tags or PIT tags, and modern 
approaches utilising genetic 
identification from hair samples or 
scats) or their pelage identified from 
camera trapping. 

• Rapidly evolving field with 
development of statistical models 
that don’t require uniquely marking 
individuals. 

• Collection of genetic material 
enhances other studies. 

• Western Ringtail Possums 
generally considered to be trap 
shy. 

• Genetic identification (e.g., from 
scats) adds additional cost to the 
field program 

The same sites at which 
distance sampling 
occurs. 
 
Where spotlighting is 
undesirable such as in 
the urban or peri-urban 
setting.  Assumes 
structured surveys for 
scats or deployment of 
hair snares etc can be 
undertaken. 
 
 
 

Strip Transects Density when detection 
is perfect 

• Suitable for small areas of habitat or 
where habitat is narrow such as in 
Riparian belts or road reserves a few 
tens of metres in width. 

• Simple statistical analyses  

• Requires that the probability of 
detection all individuals within the 
strip be 1  

•  

Narrow Road Reserves, 
riparian belts.  
Agricultural land with 
scattered large paddock 
trees. 
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Approach Metric Pros Cons Example settings 
Scat counts Indice 

 
• Rapid confirmation of species 

presence 
• Suitable for assessing habitat use 

especially in small patches of habitat 
• Suitable for occupancy modelling, if 

repeat visits to a site are conducted 
and scats are removed between 
visits. 

• Requires familiarity with detecting 
scats and identification to the 
species-level 

• Difficult to undertake when 
undergrowth is very dense or 
considerable leaf fall makes 
detection of scats problematic 

• Estimate of scat decay and 
deposition rates is problematic, so 
translating scat-indice in to an 
estimate of abundance can be 
dubious 

• Cannot confirm absence 

 

Drey counts Indice 
 

• Rapid confirmation of species 
presence 

• Can be translated into a minimum 
estimated population size if the ratio 
of the number of possums per drey is 
known 

• Cannot confirm absence  Narrow Road Reserves, 
riparian belts.  
Agricultural land with 
scattered large paddock 
trees. 

Unstructured 
spotlight 

Confirmed presence 
and assumed (or 
unconfirmed) absence 
 

• Rapid confirmation of species 
presence 

• Suitable for occupancy modelling, if 
repeat visits to a site are conducted 
and survey effort is even across the 
survey area 

• Cannot estimate abundance or 
density as often the surveyed 
area is difficult to estimate 

Used as a precursor to 
structured surveys. 
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Other methods used to estimate density (cue counts (scat and drey) and simple presence estimators) 
are also assessed, as these are commonly used techniques. Wayne et al. (2005) suggested that scat 
counts might represent a suitable way to estimate abundance. However, when using scat counts to 
estimate abundance, both production and decay rates are required to calibrate the observed counts 
(Wayne et al. 2005). These rates may change in response to different environmental conditions. 
Arguably as possum scats are small in dimension (10 mm by 5 mm), an estimation of probability of 
detection would also be desirable. An advantage to the use of scat counts is they indicate habitat 
usage that may not be evident from single observational counts. For example, if animals forage on 
seasonally available Banksia flowers, then counts outside of the flowering season may not detect 
Western Ringtail Possum in this habitat. Thorough searching may indicate that Western Ringtail Possums 
have used an area, and high densities of scats may indicate a high level of use. Though this information 
will not in itself provide data on the size of the population in the area. 
 
There is a perception from some stakeholders that distance sampling is a time consuming process 
and that structured nocturnal surveys present increased occupational health and safety risks for 
observers. However, during this study no injuries were sustained by any of the observers after 
walking in excess of 1,280 km of linear transects. In terms of rapidity of assessments an 
experienced and trained observer (such as used in this survey) walked an average of 
approximately six kilometres of linear transect per night, this allows a study site the size of Tuart 
Forest Central (North, Lime Kiln, James and Buffer blocks of the Tuart Forest National Park) at 1080 
ha and surveyed with 62 transects at a spacing of 150 m and total effort of 70 km to be 
completed in approximately six nights by a team of two. Generally, this walking pace was not 
sustained in the Around Albany study sites where, at some sites, observers were more likely to 
traverse 3 kilometres of linear transect in approximately six hours. The thickness of vegetation is a 
consideration when estimating the required survey duration for budgeting purposes. 
 
Some monitoring programs utilise existing track networks to conduct spotlight surveys with the 
rationale that cleared tracks provide a safer environment for observers during surveying. Whilst this 
is likely to be the case, edge-effects caused by tracks may introduce biases, and the data 
obtained from these areas may be likewise biased. For example, animals could be attracted to, 
or repelled from the track, and detection rates will be biased high and low, respectively. This 
practice is strongly discouraged (Buckland et al. 2010). 
 
This study investigated two recipient translocation sites at Leschenault Peninsula Conservation 
Park and Yalgorup National Park. Western Ringtail Possums were released into these sites between 
1991 and 2008 (Clarke 2011), and the success of these translocations has not been recently 
assessed.  A strikingly positive result emerged from the survey effort within the Yalgorup National 
Park (including Martins Tank), where the translocated population within the surveyed area was 
estimated to be in excess of 800 individuals and is now clearly another important stronghold for 
the species. The 6.9 kilometres of transect within the Leschenault Conservation Park yielded seven 
detection events of 10 individuals, with the individuals potentially originating from the original 
translocated individuals or alternatively from animals that moved down the coast from Binningup.  
 
The majority of sites investigated by this study fell within the conservation estate and are thus 
already afforded some level of protection. However, differences in density estimates across study 
sites may assist in ranking sites in significance to the species, informing the allocation of resources 
toward conservation operations. Similarly, within each study site, density surface models highlight 
hotspots that may help identify habitat critical to the persistence of the species locally.  This study 
may provide inferences and a baseline for experimental testing. So for example, sites where no 
detections of Western Ringtail Possum were made may provide clues as to potential causal 
factors that can then be experimentally tested. For instance, the effects of fire, water table 
changes, forest regeneration through plantings and predator control can all be experimentally 
tested using these data.  Additionally, this study also identified several sites at which Western 
Ringtail Possum were not detected and these may 
represent suitable repository sites where a long-term conservation gain may potentially be 
achieved.  
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PROCEDURES TO MINIMISE THE RISK TO WESTERN RINGTAIL POSSUMS DURING VEGETATION  

CLEARING AND BUILDING DEMOLITION  

 

IMPORTANT:  Contact Dept. of Parks and Wildlife Bunbury on 9725 4300 prior to clearing commencing. 

These procedures are generally for development activities that occur on smaller lots (<2ha).  The clearing of 

vegetation on larger lots should be discussed with Parks and Wildlife. 

Identify trees to be retained 

Clearing of native vegetation within the proposed development site should avoid any unnecessary clearing of trees.  

Trees retained within the development site, proposed Public Open Space and within road verges provide valuable 

habitat for WRP.  Trees to be retained should be marked so that they are clearly recognised by clearing contractors. 

Suitable expertise on-site 

A suitably experienced zoologist or WRP rehabilitator (‘possum spotter’) should be onsite when clearing is being 

undertaken, that is, during the entire duration of the clearing.  The ‘possum spotter’ is to provide advice and direction 

to contractors undertaking the clearing in relation to WRP matters.  The contract manager or supervisor is the person 

responsible for all work undertaken and the safety of all personnel on site at all times. 

It is suggested that the ‘possum spotter’ attend the site the day before clearing commences to be familiar with the 

location of any WRP and dreys.  A person who is required to handle WRP during a clearing event that is part of 

development proposal should hold a Regulation 15 (fauna relocation and/or education) or a Regulation 17 

(scientific/study) license, depending on circumstances. 

Advice to clearing contractors 

Prior to clearing, clearing contractors should be properly inducted by the ‘possum spotter’ about the identification and 

protection of trees to be retained, trees to be cleared and about the likely presence of WRP among trees and other 

vegetation that will be cleared.  No dogs should be taken on the site. 

Tree removal  

The ‘possum spotter’ with the clearing supervisor is to inspect all trees to be removed and agree on a process and 

timetable for clearing.  Trees that have WRP currently in them may need to be left for a subsequent day when the tree 

may be vacant.  Where possible clearing should be undertaken in a systematic manner that minimises disruption to 

WRP.  If there is suitable habitat adjoining the development site, a clearing pattern that encourages the movement of 

WRP to this habitat should be adopted. 

In moderate or high-density sites, if a machine operator sees a WRP in a tree that is about to be cleared, trees should 

be bumped or shaken firstly.  Following this the machine operator should wait and observe the tree for a short time.  If 

present, the shaking of the tree may cause any WRP and other fauna to move and, hopefully, opportunity to safely 

evacuate.  It would also increase the chance that the machine operator will see the animal/s prior to pushing down the 

tree.  

In the event that a WRP is observed in a tree that is about to be cleared and there is a tree marked for retention near 

the tree which is to be cleared, then the tree should be gently lowered to the ground to give the animal opportunity to 

safely evacuate.  The animal/s then need to be encouraged to move towards and occupy the trees to be retained. 

If there are no trees to be retained within proximity of a tree that has a WRP and needs to be cleared, then the WRP 

can be removed by the ‘possum spotter’ using an elevated platform or by lowering the tree to the ground.  The WRP is 

to be relocated to the nearest suitable habitat. 
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Dreys should be inspected prior to clearing and possibly removed.  Dreys that remain in the tree during clearing have 

to be checked as soon as possible as baby WRP may remain in the drey. 

Clearing should be undertaken on a face so as to drive WRP towards suitable habitat. 

Services 

The proponent will need to identify where underground services are to be installed and to ensure any detrimental 

impact from these services is minimised. 

Understorey vegetation 

There will always be a possibility that WRP, Southern Brown Bandicoots, etc, will be found in under and midstorey 

vegetation.  Care needs to be taken when clearing this vegetation with a check to be undertaken by foot prior to 

machines entering the areas and clearing this vegetation. 

Injured WRP 

If contractors encounter injured WRP during clearing operations, then the ‘possum spotter’ needs to be notified 

immediately so that arrangements can be made for the welfare of the injured animal. 

Stockpile practices 

Contractors need to be made aware that displaced WRP may shelter within stockpiled vegetation.  Therefore, to 

minimise any accidental injury or death of WRP, personnel involved in the removal or disposal of stockpiles need to be 

made aware of and be prepared for the potential presence of WRP.  If WRP are encountered then Parks and Wildlife 

needs to be immediately notified.  Any dreys in fallen trees are to be removed prior to stockpiling as WRP have been 

known to return to their dreys/trees. 

The preference is that vegetation is not stockpiled but removed on the same day clearing occurs.  If vegetation is to be 

stockpiled on-site, then it is preferable to place it in cleared areas as far as possible from retained remnant vegetation.  

Chipping of removed debris is to be undertaken away from retained habitat to minimise the noise impacts on WRP. 

In large clearing events where chipping will be undertaken over a number of days, it is preferred that the chipper 

remains in one position and vegetation is brought to the chipper as opposed to the chipper moving through the site.  

This is to consolidate the noise impacts in one area of the development site. 

Buildings 

Site workers are to be advised about the potential presence of WRP in derelict buildings and to stage works to 

minimise potential injuries to WRP during demolition works.  Prior to clearing works commencing, the roof and ceilings 

on derelict buildings should be removed prior to demolition to allow for dispersal of WRP.  Parks and Wildlife should 

be immediately notified of any WRP that may be inadvertently injured during demolition works. 

There is a risk to WRP if rat or mouse baiting is undertaken prior to demolition.  Appropriate methods of baiting need 

to be engaged if rats or mice are to be controlled prior to demolition.  One method is to place the poison out of WRP 

reach, inside poly pipe secured to a beam in the roof space.  The pipe should be about 1m long and no greater than 

50mm in diameter.  Another method is to place a plastic ice-cream container upside down over rate poison with small 

arches cut into the side of the container.  The arches should be a maximum height and width of about 50mm and the 

container secured to a rafter. 

Post Clearing Reporting 

The proponent is to provide Parks and Wildlife with a report on the impact on WRP during the habitat removal 

process within 28 days of completion of vegetation clearing or building demolition works. 
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