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Executive summary

This Biodiversity development assessment report (BDAR) has been prepared to support the
environmental impact statement for the Beaches Link and Gore Hill Freeway Connection (the
project) proposed by Transport for NSW. This BDAR has been prepared in accordance with the
Biodiversity Assessment Method (BAM) (2017 version), as required by Biodiversity Conservation
Act 2016 (BC Act) Division 2 Section 7.9 (2) and reflected in the Secretary’s environmental
assessment requirements issued by the Secretary of the Department of Planning, Industry and
Environment. A separate assessment of marine mammals and reptiles, fish and marine habitats
has been prepared to support the environmental impact statement for the project, the Technical
working paper: Marine ecology (Cardno, 2020b).

The preparation of this BDAR has been informed by database searches, desktop review of
relevant reports and spatial information, site inspections and targeted field surveys. Field surveys
were carried out within the subject land between May 2016 and March 2020.

The land in which biodiversity values have been assessed by this BDAR is known as the subject
land. The subject land comprises the construction (temporary) footprint and permanent
(operational) footprint being considered by the environmental impact statement.

The southern parts of the subject land are located in urbanised areas and have a long history of
modification and disturbance. Much of the vegetation within the subject land consists of trees and
shrubs in landscaped parks and reserves, private residential gardens and road verges; this
modified vegetation that does not conform to any Plant Community Type (PCT) covers 6.52
hectares.

Native vegetation occurs in the northern parts of the subject land on either side of the Wakehurst
Parkway (Killarney Heights to Frenchs Forest) and to a lesser extent, next to the Burnt Bridge
Creek Deviation (Balgowlah). Seven PCTs, covering 15.05 hectares, were identified in these
northern portions of the subject land. Of these PCTs, one (PCT 1786) corresponds to a threatened
ecological community (TEC): Duffys Forest Ecological Community in the Sydney Basin Bioregion.
Duffys Forest Ecological Community is listed as Endangered under the BC Act and was recorded
along the Wakehurst Parkway from Seaforth Oval north to Warringah Road.

The BAM credit calculator identified 44 candidate threatened flora species credit species
associated with the PCTs identified in the subject land. Of these, 19 threatened flora species were
considered to have a moderate to high likelihood of occurrence or were recorded in the subject
land.

Two threatened flora species listed under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) and/or BC Act were recorded within the subject land:
Callistemon linearifolius (Netted Bottle Brush) and Syzygium paniculatum (Magenta Lilly Pilly).
Three other threatened flora species, Acacia terminalis subsp. terminalis, Epacris purpurascens
var. purpurascens and Tetratheca glandulosa, were recorded outside but near the subject land.
Callistemon linearifolius and all but one individual of Syzygium paniculatum were recorded in
landscaped areas. These planted individuals are not considered to be of conservation significance
and were not assessed further under the BAM.

The credit calculator identified 37 candidate threatened fauna ecosystem credit species and 36
candidate threatened fauna species credit species. Of these, six threatened fauna species listed
under the EPBC Act and/or BC Act were recorded in the subject land or immediately adjacent
during surveys carried out for the project: Powerful Owl (Ninox strenua), Rosenberg’s Goanna
(Varanus rosenbergi), Little Bent-winged Bat (Miniopterus australis), Large Bent-winged Bat
(Miniopterus orianae oceanensis), Large-eared Pied Bat (Chalinolobus dwyeri) and Grey-headed
Flying-fox (Pteropus poliocephalus). A Grey-headed Flying-fox camp has been identified at a
location in the vegetated area between Balgowlah Road and Burnt Bridge Creek Deviation, about
120 metres from the subject land. Database searches identified recordings of Eastern Pygmy-
possum (Cercartetus nanus) and Large-eared Pied-bat (Chalinolobus dwyeri) on the Wakehurst
Parkway east construction support site (BL13) in 2018. Red-crowned Toadlet (Pseudophryne
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australis) was assumed to be present based on recent records of the species in the northern extent
of the subject land. An additional five threatened fauna species were considered to have a high
likelihood of occurrence in the subject land: Glossy Black-cockatoo (Calyptorhynchus lathami),
White-bellied Sea-Eagle (Haliaeetus leucogaster), Varied Sittella (Daphoenositta chrysoptera),
Little Penguin (Eudyptula minor) and Eastern Coastal Free-tailed Bat (Micronomus norfolkensis).
Two threatened fauna species, Southern Brown Bandicoot (/soodon obesulus obesulus) and
Southern Myotis (Myotis macropus), are considered likely to occur in areas next to the subject
land.

Where feasible, the design of the project within the preferred corridor has been refined to avoid or
minimise impacts on biodiversity. Where possible, the project design and construction
methodology has been developed to avoid and minimise adverse impacts on biodiversity. This
includes a number of fauna connectivity structures that would span the Wakehurst Parkway and
provide for the movement of fauna species between habitat on the eastern and western side of the
widened road. Some impacts however are unavoidable, and direct impacts of the project on
biodiversity include:

o Removal of 14.15 hectares of native PCTs, of which 1.38 hectares is Duffys Forest Ecological
Community in the Sydney Basin Bioregion, listed as Endangered under the BC Act

o Removal of 6.77 hectares of other vegetation, including 1.29 hectares of native revegetation and
5.48 hectares of non-PCT vegetation comprising native and exotic plantings

¢ Removal of one individual threatened plant, Syzygium paniculatum
¢ Removal of planted individuals of non-local threatened flora species

o Removal of 20.92 hectares of potential habitat for threatened fauna species, of which 6.77
hectares comprises non-PCT vegetation that generally occurs in parks, road verges and private
residential gardens

¢ Mortality/injury of terrestrial fauna species would occur, with potential mortality/injury of
threatened fauna species. Pre-clearing procedures would minimise this occurrence.

The indirect impacts of the project on biodiversity include:

o Edge effects on native vegetation and habitat that will be retained within or next to the subject
land, particularly adjoining the Wakehurst Parkway

¢ Invasion and spread of weeds, pathogens and disease

¢ Noise and vibration impacts during construction, including on the Grey-headed Flying-fox camp
located in the vegetated area between Balgowlah Road and the Burnt Bridge Creek Deviation,
about 120 metres from the surface road works at Balgowlah, fauna in the vicinity of the
Wakehurst Parkway during excavation activities and Little Penguin that may occur in Middle
Harbour on occasion.

Prescribed biodiversity impacts in the BAM that are relevant to the project are:

¢ Impacts of development on the habitat of threatened species or ecological communities
associated with non-native vegetation — the consequence of removing a small area of potential
foraging resources for the local and bioregional persistence of threatened species is considered
negligible

¢ Impacts of development on the habitat of threatened species or ecological communities
associated with human made structures — construction of the project may directly and indirectly
affect roosting habitat for threatened microbats that are known or considered likely to roost in
human made structures within the subject land, including bridges and culverts

¢ Impacts of the development on habitat of threatened species or ecological communities
associated with rocks — construction of the project would require the removal of rocky features
alongside the Wakehurst Parkway resulting in the loss of potential habitat for some threatened
species such as Red-crowned Toadlet, Rosenberg’s Goanna and Large-eared Pied Bat

¢ Impacts of development on habitat connectivity, the movement of threatened species and
vehicle strike— the realignment and upgrade of the Wakehurst Parkway would increase habitat
fragmentation (ie would widen an existing gap in otherwise contiguous fauna habitat), which
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could create a further barrier to fauna movement between habitat to the east and west of the
Wakehurst Parkway

¢ Impacts of development on water quality, water bodies and hydrological processes that sustain
threatened species and TECs — construction activities may result in a potential decrease in
water quality and degradation of freshwater, marine and intertidal habitats, which could
adversely impact foraging habitat for threatened species that may use the habitats, such as Red-
crowned Toadlet, Little Penguin and White-bellied Sea-Eagle.

Biodiversity management measures that would be implemented in accordance with Transport for
NSW’s Biodiversity Guidelines (RTA, 2011) would include:

¢ Minimising vegetation and habitat removal and avoiding clearing during threatened species
breeding seasons where feasible and reasonable

¢ Managing weed and pest species and pathogens

e Minimising shading and artificial light impacts

¢ Minimising noise impacts to the Grey-headed Flying-fox camp, and monitoring the camp during
the breeding season

¢ Employing a spotter to watch/hear for Little Penguins during marine construction activities, with a
stop-work procedure to be implemented in the event of the species being detected close to
works

o Completing pre-clearing surveys of built structures to be demolished, including bridges and
culverts that have potential for microbat roosts

o Completing pre-clearance surveys of native vegetation, including inspecting hollows and dead
timber for Eastern Pygmy-possum

¢ Development of active-specifc management controls to manage impacts from high noise and
vibration generating activities (eg controlled blasting and rock hammering) on Large-eared Pied
Bat along the Wakehurst Parkway

o Management of noise and vibration-intensive works along the Wakehurst Parkway to reduce
potential impacts to fauna

o Fauna connectivity measures and fauna fencing to facilitate fauna crossings at Wakehurst
Parkway and prevent roadkill.

As the project would require the removal of native vegetation and potential fauna habitat from the
subject land, Transport for NSW are required to offset these impacts on biodiversity. The offsets
required for the project were calculated using the BAM Calculator. A total of 391 ecosystem credits
and 1099 species credits are required to offset the direct impacts of the project. An additional 50
ecosystem credits may be required to offset indirect impacts; these would be in addition to BAM
credit obligations and are at the discretion of the Minister for Planning and Public Spaces.

The project would potentially impact about 15 metres of Burnt Bridge Creek as a result of culvert
extension works and scour protection. Assuming an average bed width of about four metres in the
affected area, this would equate to about 60 square metres of Type 2 Key Fish Habitat. According
to the Policy and guidelines for fish habitat conservation and management (NSW DPI, 2013) this
would equate to an offset requirement of about $6900. Final offset calculations will be carried out
following further design development.
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Glossary of terms and abbreviations

Terms

Term

Accredited person

Meaning

A person accredited under the Biodiversity Conservation Act 2016
(NSW) (BC Act) to prepare a Biodiversity development assessment
report in accordance with the BAM (Office of Environment and Heritage
(OEH) 2017a). Referred to in the BAM as ‘assessor’ (OEH, 2017a).

Areas of geological
significance

Geological features such as karst, caves, crevices, cliffs.

Assessment area

The area of land in the 1500 metre buffer zone surrounding the outside
edge of the boundary of the subject land or 500 metre along each side of
the centre line of a linear shaped development, to be determined in
accordance with Subsection 4.3.2 of the BAM.

Assessor

The person accredited under the BC Act referred to in Subsection 2.1.2
of the BAM and who has been engaged by the proponent.

Avoid

Measures taken by a proponent such as careful site selection or actions
taken through the design, planning, construction and operational phases
of the development to completely avoid impacts on biodiversity values,
or certain areas of biodiversity. Refer to the BAM for operational
guidance.

Biodiversity
Assessment Method
(BAM)

The assessment manual that outlines how an accredited person
assesses impacts on biodiversity at development sites. 2017 version
used in for this report.

Benchmarks

The quantitative measures that represent the ‘best-attainable’ condition,
which acknowledges that native vegetation within the contemporary
landscape has been subject to both natural and human-induced
disturbance. Benchmarks are defined for specified variables for each
PCT. Vegetation with relatively little evidence of modification generally
has minimal timber harvesting (few stumps, coppicing, cut logs), minimal
firewood collection, minimal exotic weed cover, minimal grazing and
trampling by introduced or overabundant native herbivores, minimal soil
disturbance, minimal canopy dieback, no evidence of recent fire or flood,
is not subject to high frequency burning, and has evidence of recruitment
of native species.

Biodiversity
certification

Has the same meaning as in the BC Act (OEH, 2017a).

Biodiversity credit
report

The report produced by the Credit Calculator that sets out the number
and class of biodiversity credits required to offset the remaining adverse
impacts on biodiversity values at a development site, or on land to be
biodiversity certified, or that sets out the number and class of biodiversity
credits that are created at a biodiversity stewardship site (OEH, 2017a).

Biodiversity offsets

Management actions that are carried out to achieve a gain in biodiversity
values on areas of land in order to compensate for losses to biodiversity
values from the impacts of development (OEH, 2017a).

Biodiversity
stewardship site

Has the same meaning as in the BC Act (OEH, 2017a).

Biodiversity values

Has the same meaning as Clause 1.5(2) of the BC Act (OEH, 2017a).
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Term Meaning

BioNet Atlas

The Department of Planning, Industry and the Environment
(Environment, Energy and Science (DPIE (EES)) database of flora and
fauna records (formerly known as the NSW Wildlife Atlas). The Atlas
contains records of plants, mammals, birds, reptiles, amphibians, some
fungi, some invertebrates (such as insects and snails listed under the BC
Act) and some fish (OEH, 2017a).

Credit calculator

The computer program that provides decision support to assessors and
proponents by applying the BAM, in particular by using the data required
to be entered and the equations in Appendix 6 and Appendix 9 of the
BAM to calculate the number and class of biodiversity credits required to
offset the impacts of a development or created at a biodiversity
stewardship site (OEH, 2017a).

Critically Endangered
Ecological
Community

An ecological community specified as critically endangered in Schedule
2 of the BC Act and/or listed under Part 13, Division 1, Subdivision A of
the Environment Protection and Biodiversity Conservation Act 1999
(Cwilth) (EPBC Act) (OEH, 2017a).

Cumulative impact

The impact on the environment which results from the incremental
impact of the action when added to other past, present, and reasonably
foreseeable future actions. Cumulative impacts can result from
individually minor but collectively significant actions taking place over a
period of time. Refer to the project Secretary’s environmental
assessment requirements for cumulative impact assessment
requirements.

Development site

An area of land that is subject to a proposed development that is under
the Environmental Planning and Assessment Act 1979 (NSW). The term
development site is also taken to include clearing site except where the
reference is to a small area development or a major project development
(OEH, 2017a).

Development
footprint

The area of land that is directly affected on by a proposed development,
including access roads, and areas used to store construction materials.
The term development footprint is also taken to include clearing footprint
except where the reference is to a small area development or a major
project development (OEH, 2017a). The term ‘development footprint’ is
analogous with the term ‘subject land’.

Direct impact

Direct impacts are those that result from clearing vegetation for a
development. These impacts are predictable, usually occur at or near to
the subject land and can be readily identified during the planning and
design phases of a development. Direct impacts may be permanent (eg
construction of a railway or building) or temporary (eg only occurring
over weeks or months) and may result in partial (eg ground cover, litter
and functional attributes such as logs removed but all other structural
components of the vegetation remain) or complete clearing (DPIE,
2019).

Ecosystem credits

A measurement of the value of threatened ecological communities,
threatened species habitat for species that can be reliably predicted to
occur with a PCT, and PCTs generally. Ecosystem credits measure the
loss in biodiversity values at a development site and the gain in
biodiversity values at a biodiversity stewardship site (OEH, 2017a).

Ecosystem credit
species

Threatened species or components of species habitat that are identified
in the Threatened Biodiversity Data Collection as requiring assessment
for ecosystem credits.
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Term Meaning

Endangered An ecological community specified as endangered in Schedule 2 of the
Ecological BC Act, or listed under the EPBC Act (OEH, 2017a).

Community (EEC)

Environmental Action to reduce the severity of an impact.

management

measure

Habitat An area or areas occupied, or periodically or occasionally occupied, by a

species, population or ecological community, including any biotic or
abiotic component (OEH, 2017a).

Habitat component

The component of habitat that is used by a threatened species for either
breeding, foraging or shelter (OEH, 2017a).

Interim
Biogeographically
Regionalisation of
Australia (IBRA)
subregion

A subregion of a bioregion identified under the IBRA system (OEH,
2017a).

Indirect impact

Where a primary action is a substantial cause of a secondary event or
circumstance which has an impact on a protected matter
(Commonwealth of Australia, 2012).

Matter of National
Environmental
Significance (MNES)

A Matter of National Environmental Significance (MNES) protected by a
provision of Part 3 of the EPBC Act.

Mitchell landscape

Landscapes with relatively homogeneous geomorphology, soils and
broad vegetation types, mapped at a scale of 1:250,000 (OEH, 2017a).

Northern Beaches
Hospital road
upgrade project

Northern Beaches Hospital Connectivity and Road Network
Enhancement project. The project included Stage 1 Connectivity Works
being road works to enhance connectivity to the hospital, and Stage 2
Network Enhancement Works being works to improve the broader road
network capacity.

Population

A group of organisms, all of the same species, occupying a particular
area.

Residual impact

An impact on biodiversity values after all reasonable measures have
been taken to avoid and minimise the impacts of development. Under
the BAM, an offset requirement is calculated for the remaining impacts
on biodiversity values (OEH, 2017a).

Species credit
species

Threatened species or components of species habitat that are identified
in the Threatened Biodiversity Data Collection as requiring assessment
for species credits (DPIE (EES), 2020c).

Species/ ecosystem
credit species

A threatened species whereby part of their habitat is assessed as a
species credit (eg breeding habitat) and the remaining habitat is
assessed as an ecosystem credit (eg foraging habitat).

Species credits

The class of biodiversity credits created or required for the impact on
threatened species that cannot be reliably predicted to use an area of
land based on habitat surrogates. Species that require species credits
are listed in the Threatened Biodiversity Data Collection (DPIE (EES),
2020c).

Subject land

Land to which the BAM is applied in Stage 1 to assess the biodiversity
values of the land. It includes land that may be a development site,
clearing site, proposed for biodiversity certification or land that is
proposed for a biodiversity stewardship agreement (OEH, 2017a). The
term ‘subject land is analogous with the term ‘development footprint’.
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Target species

Meaning

A species that is the focus of a study or intended beneficiary of a
conservation action or connectivity measure.

Abbreviations

Term ' Meaning

AOBV Areas of Outstanding Biodiversity Value

ARI Average Recurrence Interval

BAM Biodiversity Assessment Method

BC Act Biodiversity Conservation Act 2016 (NSW)

BDAR Biodiversity development assessment report

CEEC Critically Endangered Ecological Community

CMA Catchment Management Authority

DAWE Australian Government Department of Agriculture, Water and the Environment

DoEE The former Australian Government Department of Energy and Environment, now
DAWE

DPI The former NSW Department of Primary Industries, now Department of Planning,
Industry and Environment (Regions, Industry, Agriculture and Resources)

DPIE NSW Department of Planning, Industry and Environment

DPIE (EES) | NSW Department of Planning, Industry and Environment (Environment, Energy
and Science) (former OEH, see below)

DPIE NSW Department of Planning, Industry and Environment (Regions, Industry,

(RIAR) Agriculture and Resources) (former DPI, see above)

DBH Diameter at Breast Height

EEC Endangered Ecological Community

EP&A Act Environmental Planning and Assessment Act 1979 (NSW)

EPBC Act Environmental Protection and Biodiversity Conservation Act 1999 (Cwilth)

FM Act Fisheries Management Act 1994 (NSW)

IBRA Interim Biogeographically Regionalisation of Australia

MNES Matters of National Environmental Significance

NSW New South Wales

OEH The former NSW Office of Environment and Heritage, now part of the DPIE (EES)

PCT Plant Community Type

RMS former NSW Roads and Maritime Services

SAT Spot Assessment Technique (Koala survey method)

SEARs Secretary’s Environmental Assessment Requirements

SEPP State Environmental Planning Policy

TBDC Threatened Biodiversity Data Collection

TEC Threatened Ecological Communities

TSC Act Threatened Species Conservation Act 1995 (NSW) (now repealed)

VIS Vegetation Information System
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1 Introduction

This section provides an overview of the Beaches Link and Gore Hill Freeway Connection (the
project), including its key features and location. It also outlines the Secretary’s environmental
assessment requirements addressed in this technical working paper.

1.1 Overview

The Greater Sydney Commission’s Greater Sydney Region Plan — A Metropolis of Three Cities
(Greater Sydney Commission, 2018) proposes a vision of three cities where most residents have
convenient and easy access to jobs, education and health facilities and services. In addition to this
plan, and to accommodate for Sydney’s future growth the NSW Government is implementing the
Future Transport Strategy 2056 (NSW Government, 2018), that sets the 40 year vision, directions
and outcomes framework for customer mobility in NSW. The Western Harbour Tunnel and
Beaches Link program of works is proposed to provide additional road network capacity across
Sydney Harbour and Middle Harbour and to improve transport connectivity with Sydney’s Northern
Beaches. The Western Harbour Tunnel and Beaches Link program of works include:

o The Western Harbour Tunnel and Warringah Freeway Upgrade project which comprises a new
tolled motorway tunnel connection across Sydney Harbour, and an upgrade of the Warringah
Freeway to integrate the new motorway infrastructure with the existing road network and to
connect to the Beaches Link and Gore Hill Freeway Connection project

e The Beaches Link and Gore Hill Freeway Connection project which comprises a new tolled
motorway tunnel connection across Middle Harbour from the Warringah Freeway and the Gore
Hill Freeway to Balgowlah and Killarney Heights and including the surface upgrade of the
Wakehurst Parkway from Seaforth to Frenchs Forest and upgrade and integration works to
connect to the Gore Hill Freeway at Artarmon.

A combined delivery of the Western Harbour Tunnel and Beaches Link program of works would
unlock a range of benefits for freight, public transport and private vehicle users. It would support
faster travel times for journeys between the Northern Beaches and areas south, west and north-
west of Sydney Harbour. Delivering the program of works would also improve the resilience of the
motorway network, given that each project provides an alternative to heavily congested existing
harbour crossings.

1.2 The project

Transport for NSW is seeking approval under Part 5, Division 5.2 of the Environmental Planning
and Assessment Act 1979 to construct and operate the Beaches Link and Gore Hill Freeway
Connection project, which would comprise two components:

¢ Twin tolled motorway tunnels connecting the Warringah Freeway at Cammeray and the Gore
Hill Freeway at Artarmon to the Burnt Bridge Creek Deviation at Balgowlah and the Wakehurst
Parkway at Killarney Heights, and an upgrade of the Wakehurst Parkway (the Beaches Link)

o Connection and integration works along the existing Gore Hill Freeway and surrounding roads
at Artarmon (the Gore Hill Freeway Connection).

A detailed description of these two components is provided in Section 1.4.

1.3  Project location

The project would be located within the North Sydney, Willoughby, Mosman and Northern Beaches
local government areas, connecting Cammeray in the south with Killarney Heights, Frenchs Forest
and Balgowlah in the north. The project would also connect to both the Gore Hill Freeway and
Reserve Road in Artarmon in the west.
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Commencing at the Warringah Freeway at Cammeray, the mainline tunnels would pass under
Naremburn and Northbridge, then cross Middle Harbour between Northbridge and Seaforth. The
mainline tunnels would then split under Seaforth into two ramp tunnels and continue north to the
Wakehurst Parkway at Killarney Heights and north-east to Balgowlah, linking directly to the Burnt
Bridge Creek Deviation to the south of the existing Kitchener Street bridge.

The mainline tunnels would also have on and off ramps from under Northbridge connecting to the
Gore Hill Freeway and Reserve Road east of the existing Lane Cove Tunnel. Surface works would
also be carried out at the Gore Hill Freeway in Artarmon, Burnt Bridge Creek Deviation at
Balgowlah and along the Wakehurst Parkway between Seaforth and Frenchs Forest to connect the
project to the existing arterial and local road networks.

1.4 Key features of the project

Key features of the Beaches Link component of the project are shown in Figure 1-1 and would
include:

e Twin mainline tunnels about 5.6 kilometres long and each accommodating three lanes of traffic
in each direction, together with entry and exit ramp tunnels to connections at the surface. The
crossing of Middle Harbour between Northbridge and Seaforth would involve three lane, twin
immersed tube tunnels

e Connection to the stub tunnels constructed at Cammeray as part of the Western Harbour
Tunnel and Warringah Freeway Upgrade project

e Twin two lane ramp tunnels:

- Eastbound and westbound connections between the mainline tunnel under Seaforth and the
surface at the Burnt Bridge Creek Deviation, Balgowlah (about 1.2 kilometres in length)

- Northbound and southbound connections between the mainline tunnel under Seaforth and
the surface at the Wakehurst Parkway, Killarney Heights (about 2.8 kilometres in length)

- Eastbound and westbound connections between the mainline tunnel under Northbridge and
the surface at the Gore Hill Freeway and Reserve Road, Artarmon (about 2.1 kilometres in
length).

e An access road connection at Balgowlah between the Burnt Bridge Creek Deviation and

Sydney Road including the modification of the intersection at Maretimo Street and Sydney

Road, Balgowlah

¢ Upgrade and integration works along the Wakehurst Parkway, at Seaforth, Killarney Heights
and Frenchs Forest, through to Frenchs Forest Road East

¢ New open space and recreation facilities at Balgowlah

¢ New and upgraded pedestrian and cyclist infrastructure

o Ventilation outlets and motorway facilities at the Warringah Freeway in Cammeray, the Gore
Hill Freeway in Artarmon, the Burnt Bridge Creek Deviation in Balgowlah and the Wakehurst
Parkway in Killarney Heights

e Operational facilities, including a motorway control centre at the Gore Hill Freeway in Artarmon,
and tunnel support facilities at the Gore Hill Freeway in Artarmon and the Wakehurst Parkway
in Frenchs Forest

e Other operational infrastructure including groundwater and tunnel drainage management and
treatment systems, surface drainage, signage, tolling infrastructure, fire and life safety systems,
roadside furniture, lighting, emergency evacuation and emergency smoke extraction
infrastructure, Closed Circuit Television (CCTV) and other traffic management systems.

Key features of the Gore Hill Freeway Connection component of the project are shown in Figure
1-2 and would include:

e Upgrade and reconfiguration of the Gore Hill Freeway between the T1 North Shore & Western
Line and T9 Northern Line and the Pacific Highway

¢ Modifications to the Reserve Road and Hampden Road bridges
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¢ Widening of Reserve Road between the Gore Hill Freeway and Dickson Avenue

¢ Modification of the Dickson Avenue and Reserve Road intersection to allow for the Beaches
Link off ramp

e Upgrades to existing roads around the Gore Hill Freeway to integrate the project with the
surrounding road network

e Upgrade of the Dickson Avenue and Pacific Highway intersection

o New and upgraded pedestrian and cyclist infrastructure

o Other operational infrastructure, including surface drainage and utility infrastructure, signage
and lighting, CCTV and other traffic management systems.

A detailed description of the project is provided in Chapter 5 (Project description) of the
environmental impact statement.

Subiject to obtaining planning approval, construction of the project is anticipated to commence in
2023 and is expected to take around five to six years to complete.
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Figure 1-1 Key features of the Beaches Link component of the project

Beaches Link and Gore Hill Freeway Connection
Technical working paper: Biodiversity development assessment report



Figure 1-2 Key features of the Gore Hill Freeway component of the project
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1.5 Key construction activities

The area required to construct the project is referred to as the construction footprint. The majority of
the construction footprint would be located underground within the mainline and ramp tunnels.
However, surface areas would also be required to support tunnelling activities and to construct the
tunnel connections, tunnel portals, surface road upgrades and operational facilities.

Key construction activities would include:

Early works and site establishment, with typical activities being property acquisition and
condition surveys, utilities installation, protection, adjustments and relocations, installation of
site fencing, environmental controls (including noise attenuation and erosion and sediment
control), traffic management controls, vegetation clearing, earthworks, demolition of structures,
building construction support sites including acoustic sheds and associated access decline
acoustic enclosures (where required), construction of minor access roads and the provision of
property access, temporary relocation of pedestrian and cycle paths and bus stops, temporary
relocation of swing moorings and/or provision of alternative facilities (mooring or marina berth)
within Middle Harbour

Construction of the Beaches Link, with typical activities being excavation of tunnel construction
access declines, construction of driven tunnels, cut and cover and trough structures,
construction of surface upgrade works, construction of cofferdams, dredging and immersed
tube tunnel piled support activities in preparation for the installation of immersed tube tunnels,
casting and installation of immersed tube tunnels and civil finishing and tunnel fitout

Construction of operational facilities comprising:

- A motorway control centre at the Gore Hill Freeway in Artarmon

- Tunnel support facilities at the Gore Hill Freeway in Artarmon and at the Wakehurst
Parkway in Frenchs Forest

- Motorway facilities and ventilation outlets at the Warringah Freeway in Cammeray (fitout
only of the Beaches Link ventilation outlet at the Warringah Freeway (being constructed by
the Western Harbour Tunnel and Warringah Freeway Upgrade project), the Gore Hill
Freeway in Artarmon, the Burnt Bridge Creek Deviation in Balgowlah and the Wakehurst
Parkway in Killarney Heights

- A wastewater treatment plant at the Gore Hill Freeway in Artarmon

- Installation of motorway tolling infrastructure

Staged construction of the Gore Hill Freeway Connection at Artarmon and upgrade and

integration works at Balgowlah and along the Wakehurst Parkway with typical activities being

earthworks, bridgeworks, construction of retaining walls, stormwater drainage, pavement works

and linemarking and the installation of roadside furniture, lighting, signage and noise barriers

Testing of plant and equipment and commissioning of the project, backfill of access declines,

removal of construction support sites, landscaping and rehabilitation of disturbed areas and
removal of environmental and traffic controls.

Temporary construction support sites would be required as part of the project (refer to Figure 1-3),
and would include tunnelling and tunnel support sites, civil surface sites, cofferdams, mooring
sites, wharf and berthing facilities, laydown areas, parking and workforce amenities. Construction
support sites would include:

Cammeray Golf Course (BL1)

Flat Rock Drive (BL2)

Punch Street (BL3)

Dickson Avenue (BL4)

Barton Road (BL5)

Gore Hill Freeway median (BL6)
Middle Harbour south cofferdam (BL7)
Middle Harbour north cofferdam (BL8)
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o Spit West Reserve (BL9)

¢ Balgowlah Golf Course (BL10)

o Kitchener Street (BL11)

o Wakehurst Parkway south (BL12)
o Wakehurst Parkway east (BL13)
o Wakehurst Parkway north (BL14).

A detailed description of construction works for the project is provided in Chapter 6
(Construction work) of the environmental impact statement.
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Figure 1-3 Overview of the construction support sites
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1.6  Purpose of this report

This report has been prepared to support the environmental impact statement for the project and to
address the environmental assessment requirements of the Secretary of the NSW Department of
Planning, Industry and Environment.

The purpose of this report is to:

¢ |dentify the biodiversity values on land proposed to be developed for the project

¢ Determine the impacts of the project on biodiversity values

¢ Quantify and describe the biodiversity credits required to offset the residual impacts of the
project.

This report also identifies how Transport for NSW (the proponent) proposes to avoid and minimise
impacts on biodiversity, and describes any potential impacts of the project that could be
characterised as serious and irreversible.

This report has been prepared to meet the requirements of:
e Secretary’s environmental assessment requirements, relating to biodiversity, as specified in
Section 1.7

¢ Biodiversity Assessment Method (BAM) (2017 version), as required by BC Act Division 2 Section
7.9 (2) and reflected in the Secretary’s environmental assessment requirements.

The assessment of the potential impacts to marine mammals and reptiles, fish and marine habitats
as a result of the project has been addressed within Technical working paper: Marine ecology
(Cardno, 2020b).
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1.7 Secretary’s environmental assessment requirements

The Secretary’s environmental assessment requirements relating to biodiversity, and where these
requirements are addressed in this report are outlined in Table 1.1.

Table 1.1 Secretary’s environmental assessment requirements — Biodiversity

Requirement Where addressed

1. Biodiversity impacts related to the proposal are to be assessed in | This report.
accordance with the Biodiversity Assessment Method and
documented in a Biodiversity Development Assessment Report
(BDAR).

2. The BDAR must include information in the form detailed in the This report.

Biodiversity Conservation Act 2016 (s. 6.12), Biodiversity

Conservation Regulation 2017 (s. 6.8) and Biodiversity

Assessment Method (BAM) including details of the measures

proposed to address the offset obligation as follows:

a. the total number and classes of biodiversity credits required to
be retired for the developments/project;

b. the number of classes of like-for-like biodiversity credits
proposed to be retired;

c. the number and classes of biodiversity credits proposed to be
retired in accordance with the variation rules;

d. any proposal to fund a biodiversity conservation action; and

e. any proposal to make a payment to the Biodiversity
Conservation Fund.

Offsets are discussed in Section 7
of this report.

. The BDAR must document the application of the avoid, minimise

and offset framework including assessing all direct, indirect and
prescribed impacts in accordance with the BAM.

Section 4 and 5 of this report.

If requesting the application of the variation rules, the BDAR must
contain details of the reasonable steps that have been taken to
attempt to obtain the required like-for-like biodiversity credits.

Not applicable.

The BDAR must include all spatial data associated with the survey
and assessments as per Appendix 11 of the BAM.

Attached as part of the BDAR
submission and BAM credit
calculator finalisation.

. The BDAR must be prepared by a person accredited in

accordance with the Accreditation scheme for the Application of
the Biodiversity Assessment Method Order 2017 under s. 6.10 of
the Biodiversity Conservation Act 2016.

This BDAR has been prepared by
Jane Rodd and Kate Carroll, both
accredited persons under the
Biodiversity Conservation Act
2016 (BC Act) (Accreditation
numbers BAAS17030 and
BAAS17070).

In accordance with sections 9.1 and 9.2 of the BAM the BDAR
must assess all direct and indirect impacts of the proposal on
native vegetation, threatened ecological communities (TECs) and
threatened species habitat.

Section 5 of this report.

Impacts on biodiversity values that cannot be assessed using the

BAM must also be otherwise assessed. The values include:

a. marine mammals;

b. wandering seabirds; and

c. matters of national significance listed under the
Commonwealth Environment Protection and Biodiversity
Conservation Act 1999.

Section 5 of this report, which
provides a summary of the
Technical working paper: Marine
ecology (Cardno, 2020b).
Annexure D of this report, which
provides an assessment of
impacts on freshwater ecology.
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Requirement Where addressed

9. Species declared as threatened under the Biodiversity Section 3.6 and 5 of this report.
Conservation Act 2016 and recorded recently (since 1990) within
approximately 1.5 kilometres of the project’s development corridor
should be considered as likely to be affected by the proposal.

10.Identify and assess the impact of tidal flushing on the crossing of Technical working paper: Marine
Middle Harbour. This assessment should also include details of ecology (Cardno, 2020b).
any potential sediment accumulation and the impact this may
have on marine populations that dwell on the harbour floor.

1.8 Legislative context

1.8.1 Biodiversity Conservation Act 2016

The purpose of the Biodiversity Conservation Act 2016 (BC Act) is to maintain a healthy,
productive and resilient environment for the greatest well-being of the community, now and into the
future, consistent with the principles of ecologically sustainable development.

The BC Act replaced the Threatened Species Conservation Act 1995 (TSC Act) on 25 August
2017. The BC Act incorporates broadly similar objectives to those identified the TSC Act, and
additionally seeks to establish a framework for assessment and offsetting of development impacts
as well as investment in biodiversity conservation, specifically:

¢ The NSW Biodiversity Offsets Scheme, established under Part 6 of the BC Act

¢ The Biodiversity Assessment Method (BAM), established under Section 6.7 of the BC Act. The
purpose of the BAM is to assess certain impacts on threatened species and TECs, and their
habitats, and the impact on biodiversity values, where required under the BC Act.

The NSW Biodiversity Offsets Scheme applies to State Significant Infrastructure projects, unless
the Secretary of the Department of Planning, Industry and Environment and the Chief Executive of
Department of Planning, Industry and Environment (Environment, Energy and Science) determine
that the project is not likely to have a significant impact. Under the NSW Biodiversity Offsets
Scheme, an accredited assessor must apply the BAM to the proposal.

The Biodiversity development assessment report was prepared on the basis of the BAM in force
before 22 October 2020.

1.8.2 Environment Protection and Biodiversity Conservation Act 1999

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is Commonwealth
legislation that provides a legal framework to protect and manage nationally and internationally
important flora, fauna, ecological communities and heritage places, defined in the EPBC Act as
Matters of National Environmental Significance (MNES). MNES identified in the EPBC Act include:
o World heritage properties

¢ National heritage places

¢ Wetlands of international importance (listed under the Ramsar Convention)

o Threatened species and communities

o Migratory species protected under international agreements

¢ Commonwealth marine areas

e The Great Barrier Reef Marine Park

¢ Nuclear actions (including uranium mines).

In accordance with sections 67 and 67A of the EPBC Act, any works that have the potential to

result in a significant impact on any MNES or on Commonwealth land are considered ‘controlled
actions’ and require a referral to the Federal Minister for the Environment for approval.
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1.9 Biodiversity Assessment Method Requirements

The Biodiversity Assessment Method (BAM) (OEH, 2017a) is the assessment manual that outlines
how an accredited person assesses impacts on biodiversity at development sites. The BAM
provides:

o A consistent method for the assessment of biodiversity on a proposed development or major
project, or clearing site

¢ Guidance on how a proponent can avoid and minimise potential biodiversity impacts

¢ The number and class of biodiversity credits that need to be offset to achieve a standard of ‘no
net loss’ of biodiversity.

An accredited assessor must document the results of the BAM in a Biodiversity development
assessment report (BDAR). The BDAR identifies how the proponent proposes to avoid and
minimise impacts, any potential impact that could be characterised as serious and

irreversible (according to specified principles) and the offset obligation required to offset the likely
biodiversity impacts of the development or clearing proposal, expressed in biodiversity credits.

The requirements for a BDAR (major projects) are listed in Appendix 10 of the BAM. Table 1.2
identifies where each requirement has been met in this report.

Table 1.2 Minimum information requirements for a BDAR (OEH, 2017a)

BAM Requirement Where addressed
- _inthis BDAR
Section Information to be included
Introduction Identification of development site* footprint, including: Section 1.2
¢ Operational footprint Section 1.5

e Construction footprint indicating clearing associated with | Section 2.2
temporary construction facilities and infrastructure.

General description of development site* Section 1.1

Sources of information used in the assessment, including Section 2.3
reports and spatial data.

Landscape ¢ Interim Biogeographically Regionalisation of Australia Section 3.1

features (IBRA) bioregions and subregions, NSW landscape region
and area (hectares)

o Native vegetation extent in the assessment area

o Cleared areas

Evidence to support differences between mapped

vegetation extent and aerial imagery

Rivers and streams classified according to stream order

Wetlands within, next to and downstream of the site

Connectivity features

Areas of geological significance and soil hazard features

Site context components, including:

— Identification of method applied (ie linear or site-based)

— Per cent native vegetation cover in the landscape
(development site™).

Native Describe Plant Community Types (PCTs) within the Section 3.3
vegetation development site*

Perform a vegetation integrity assessment of the Section 3.3
development site*

Beaches Link and Gore Hill Freeway Connection 12
Technical working paper: Biodiversity development assessment report



BAM Requirement

Where addressed

in this BDAR
Section Information to be included
Threatened Identify ecosystem credit species associated with PCTs on Section 3.6
species the development site*
Identify species credit species on the development site Section 3.6
Avoid and Demonstration of efforts to avoid and minimise impact on Section 4
minimise biodiversity values
impacts
Assessment of direct and indirect impacts unable to be Section 5
avoided at the development site*
For major projects: details of the adaptive management Not applicable
strategy proposed to monitor and respond to impacts on
biodiversity values that are uncertain
Impact Identification and an assessment of the impacts which are Section 5.3
summary potential serious and irreversible impacts
Identification of impacts requiring offsets Section 7
Identification of impacts not requiring offsets Section 7
Identification of areas not requiring further assessment Section 7
Ecosystem credits and species credits that measure the Section 7
impact of the development on biodiversity values
Biodiversity Credit classes for ecosystem credits and species credits at Section 3.6
credit report | the development site*

* note — the term ‘development site’ is a term used by the BAM, which for the purposes of this assessment, is analogous
with the terms ‘subject land’ and ‘development footprint’
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2 Methodology

2.1 Overview

The preparation of this BDAR has been informed by database searches, desktop review of
relevant reports and spatial information, site inspections and targeted field surveys.

The scope of work for this BDAR is:

o Carry out a desktop review of databases, reports, aerial photographs and vegetation and habitat
mapping relevant to the subject land (refer to Section 2.2.1 for a definition of the subject land)

o Describe flora and fauna species, populations, ecological communities and habitat that occur or
are considered likely to occur in the subject land, including:
— Terrestrial flora species and populations
— Terrestrial and arboreal fauna species and populations
— Wandering seabirds, shorebird species (ie birds that inhabit the shorelines of coasts and
inland water bodies during most of their life cycles) and Little Penguin
¢ Determine the presence or likely occurrence of threatened species, population and ecological
communities (or their habitats) as listed under the BC Act and EPBC Act

¢ Assess impacts of the project on native vegetation, threatened species, populations, ecological
communities and their habitats, and groundwater dependent ecosystems that occur in the
subject land

¢ |dentify and describe environmental management measures using the principles of ‘avoid,
minimise, mitigate’
¢ Outline any offsetting requirements.

The assessment of the potential impacts to marine mammals, reptiles, fish and marine habitats as
a result of the project has been addressed in Technical working paper: Marine ecology (Cardno,
2020b).

2.2 Subject land for this assessment

The land in which biodiversity values have been assessed by this BDAR is known as the subject
land. The subject land sits within a larger assessment area.

2.2.1 Definition of subject land

The term ‘subject land’ is analogous with the term ‘construction footprint’ that is used in the
environmental impact statement, and with the term ‘development footprint’ that is prescribed by the
BAM. The subject land is shown in Figure 2-1.

The subject land comprises the construction (temporary) footprint and design (operational)
footprint being considered by the environmental impact statement. The subject land consists of
land (at surface level) that would be directly impacted by construction and operation of the project,
and would support activities such as vegetation clearing, earthworks, establishment of access
roads, installation of utilities, construction of surface roads and tunnels, and surface operation
facilities. For the purposes of this BDAR, it is assumed that all vegetation within the subject land
would be removed, with the exception of the identified exclusion zone.

The southern part of the construction footprint used in the environmental impact statement
overlaps with the Western Harbour Tunnel and Warringah Freeway Upgrade project construction
footprint. The subject land does not include the area of overlap between the two construction
footprints; the biodiversity impacts within the area of overlap are assessed in the Western Harbour
Tunnel and Warringah Freeway Upgrade Technical working paper: Biodiversity development
assessment report (Arcadis, 2020).
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Figure 2-1 Location of the subject land
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The southern extent of the subject land is located within two kilometres of Sydney’s Central
Business District (CBD) and the northern extent of the subject land is located within 10 kilometres
of Sydney CBD. As such, the subject land is heavily urbanised. Land uses within and adjoining the
subject land include:

¢ Residential development within the suburbs of Crows Nest, Cammeray, Naremburn, Willoughby,
Artarmon, Northbridge and Seaforth

o Commercial development, predominately in the suburb of Artarmon
e Industrial areas in Artarmon

¢ Public parks and open space such as Bicentennial Reserve Oval and Flat Rock Reserve
(Naremburn, Willoughby and Northbridge) and Balgowlah Golf Course (Balgowlah)

¢ A portion of Middle Harbour between Northbridge and Seaforth, and a number of bays including
Sailors Bay, Peach Tree Bay and Bantry Bay

e Large tracts of bushland contained within Garigal National Park, Manly Dam Reserve and Flat
Rock Creek.

The recently completed Northern Beaches Hospital road upgrade project overlaps with northern
extent of the subject land. For the purposes of the BDAR, all calculations of biodiversity impacts
have been excluded from the area of overlap. The area of overlap has been heavily
modified/cleared as a result of construction of the Northern Beaches Hospital road upgrade
project.

2.2.2 Definition of assessment area

In accordance with the BAM for assessing linear-shaped developments, a buffer of 500 metres
was applied to the subject land to determine the assessment area. Consideration of the
assessment area (that surrounds the subject land) is required as the assessment area may contain
biodiversity values that are important for informing the likely habitat suitability of the subject land.
The assessment area is shown in Figure 2-1.

In accordance with the requirements of the BAM, Figure 2-1 also shows landscape features
including:

IBRA region and subregion

Local government areas

Rivers and streams classified according to stream order (Strahler, 1952)
Native vegetation cover.

2.3 Assessment guidelines and information used in this report

The assessment presented in this BDAR was carried out in accordance with the requirements of
the BAM (OEH, 2017a). Other assessment guidelines used to inform this BDAR include:

o Risk Assessment Guidelines for Groundwater Dependent Ecosystems (Department of Primary
Industries (DPI), 2012)

o NSW Threatened Biodiversity Survey and Assessment: Guidelines for Developments and
Activities — Working Draft Nov 2004 (NSW Department of Environment and Conservation (DEC),
2004)

e Policy and Guidelines for Fish Habitat Conservation and Management - Update 2013 (DPI,
2013)

o Why do Fish Need to Cross the Road? Fish Passage Requirements for Waterway Crossings
(Fairfull and Witheridge, 2003)

e Aquatic Ecology in Environmental Impact Assessment - EIA Guideline (NSW Department of
Planning, 2003)

o Matter of National Environmental Significance Significant Impact Guidelines 1.1 Environment
Protection and Biodiversity Conservation Act 1999 (Commonwealth of Australia, 2013)
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Threatened species survey and assessment guidelines: field survey methods for fauna
(Amphibians) (Department of Environment and Climate Change (DECC), 2009)

Commonwealth Survey Guidelines for Australia’s Threatened Bats (DEWHA, 2010b)

Referral guideline for management actions in Grey-head and Spectacled Flying-fox camps
(Commonwealth of Australia, 2015)

‘Species credit’ threatened bats and their habitats NSW survey guide for the Biodiversity
Assessment Method (OEH, 2018a).

Other relevant sources of information used to inform this BDAR include:

o Western Harbour Tunnel and Warringah Freeway Upgrade Technical working paper:
Biodiversity development assessment report (Arcadis, 2020)

e Northern Beaches Hospital Road Upgrade Wildlife Connectivity and Road Risk Minimisation
Strategy (Biosis, 2020)

o Biodiversity Assessment Report: Northern Beaches Hospital Connectivity and Network
Enhancements Stage 2 (SMEC, 2015)

o HarbourLink Option Alignment Ecological Constraints (WSP, 2016)
e HarbourLink Terrestrial Biodiversity Survey Report (WSP, 2018)

e Beaches Link and Gore Hill Freeway Connection Project: Freshwater Ecology Impact
Assessment (Cardno, 2020a) (provided in Annexure D)

e Beaches Link and Gore Hill Freeway Connection Project Technical working paper: Marine
ecology (Cardno, 2020b)

e Soil Landscapes of the Sydney 1:100 000 Sheet (Chapman and Murphy, 1989)

o The Native Vegetation of the Sydney Metropolitan Catchment Management Authority Area
(version 3.0) (OEH, 2016)

o Vegetation Information System (VIS) Classification Database (DPIE (EES), 2020b)

o NSW Survey Guide for Threatened Frogs: A guide for the survey of threatened frogs and their
habitats for the Biodiversity Assessment Method (DPIE (EES), 2020f)

e Threatened Biodiversity Data Collection (DPIE, 2020c).

2.4 Background research

2.4.1 Literature review

A review of relevant information was carried out to provide an understanding of ecological values
occurring or potentially occurring in the subject land and wider region. Reports, vegetation maps,
topographic maps, aerial photography and literature reviewed included, but were not limited to, the
following:

o Soil Landscapes of the Sydney 1:100 000 Sheet (Chapman and Murphy, 1989)

o The Native Vegetation of the Sydney Metropolitan Catchment Management Authority Area
(version 3.0) (OEH, 2016)

o Sydney Harbour: A systematic review of the science 2014 (Hedge et al., 2014).

Background research included review of the findings and recommendations of the preliminary
ecological constraint reports carried out by WSP:

e HarbourLink Option Alignment Ecological Constraints (WSP, 2016)
e Harbourlink Terrestrial Biodiversity Survey Report (NSP, 2018).
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2.5 Determination of candidate species

Candidate species for this assessment were identified using the BAM credit calculator and
supplemented with database searches.

Database searches were carried out to identify State and Commonwealth records of threatened
entities and Commonwealth MNES that occur or have the potential to occur near the subject land
(Table 2.1). Databases were first interrogated by WSP before their site inspections and more
recently by Arcadis, to ensure currency of the database search results.

Two analyses of the Bionet Atlas of NSW Wildlife database searches were conducted by Arcadis:

¢ Assessment of the likelihood of occurrence of all species recorded within 10 kilometres of the
subject land

o Assessment of the likelihood of occurrence of species declared as threatened under the BC Act
and recorded recently (since 1990) within around 1.5 kilometres of the subject land (as required
by the Secretary’s environmental assessment requirements).

The likelihood of each threatened flora and fauna species identified in database searches to occur

in the subject land was assessed using information on the known geographic distribution and
habitat requirements of each species (Annexure A).

The 2020 results of the EPBC Protected Matters Search Tool are provided in Annexure B.

Table 2.1 Database searches carried out

Database Search date Area searched Reference
Bionet Atlas 8 and 16 June An area within 10 kilometres | Department of Planning, Industry and
of NSW 2016 of the subject land as defined | Environment (Environment, Energy
Wildlife 31 May 2017 by WSP. and Science) (DPIE (EES))
http://www.bionet.nsw.gov.au/

1 April 2019 An area within 10 kilometres

3 April 2020 of the subject land.

8 April 2020 An area within 1.5 kilometres

of the subject land (post-
1990 records only).

EPBC 31 May 2017 An area within 10 kilometres | Department of Agriculture, Water and
Protected of the subject land as defined | the Environment
Matters by WSP. https://www.environment.gov.au/epb
Search Tool c/protected-matters-search-tool

20 March 2019 An area within 10 kilometres

3 April 2020 of the subject land.
Threatened Interrogated Searches carried out for Department of Planning, Industry and
biodiversity throughout the profiles of species and Environment (Environment, Energy
profile search | preparation of ecosystems known or likely and Science) (DPIE (EES))

this report. to occur in subject land. http://www.environment.nsw.gov.au/t

hreatenedspeciesapp/

2.6 Field surveys

Field surveys were carried out at sites within the subject land by WSP ecologists between May
2016 and November 2017, by Biosis ecologists in May 2016 and by Arcadis ecologists between
December 2017 and April 2020 (Table 2.2).
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Table 2.2 Field surveys conducted to inform this BDAR

Survey area

Surveyor

Date

Purpose of survey

Burnt Bridge Creek WSP May 2016, May Preliminary constraints identification

Deviation, Hallstrom Park, 2017 and August and targeted fauna surveys to detect

Wakehurst Parkway, 2017 threatened fauna species that are

Artarmon, Willoughby, difficult to detect in other seasons.

Northbridge

Wakehurst Parkway Biosis May 2016 To collect BioBanking data and
identify vegetation communities
adjoining the Wakehurst Parkway.

Burnt Bridge Creek WSP July 2016 To collect BioBanking data and

Deviation, Hallstrom Park, assess the extent and condition of

Wakehurst Parkway, vegetation and fauna habitat,

Artarmon, Willoughby, especially for threatened species and

Northbridge ecological communities. The
vegetation inspection was used to
verify vegetation condition and refine
vegetation community boundaries.

Burnt Bridge Creek WSP October and To detect threatened flora and frog

Deviation, Hallstrom Park, November 2016 species that are difficult to detect in

Wakehurst Parkway, and 2017 other seasons.

Artarmon, Willoughby,

Northbridge

Burnt Bridge Creek WSP February 2017 To target fauna species within suitable

Deviation, Hallstrom Park, time to detect threatened fauna

Wakehurst Parkway, species that are difficult to detect in

Artarmon, Willoughby, other seasons.

Northbridge

Burnt Bridge Creek WSP August to To conduct BAM vegetation integrity

Deviation, Hallstrom Park, November 2017 plots.

Wakehurst Parkway,

Artarmon, Willoughby

Wakehurst Parkway Arcadis and | December 2017 To inspect areas of potential habitat

WSP and March 2018 for Red-crowned Toadlet

(Pseudophryne australis) and assess
the suitability of this habitat for the
species.

Wakehurst Parkway east Arcadis May 2018 Additional inspection and sampling of

(BL13), Wakehurst Duffys Forest.

Parkway south (BL12)

Flat Rock Reserve Arcadis June 2018 Inspection of Flat Rock Reserve.

Clive Park, Northbridge Arcadis July 2018 To ground-truth and describe intertidal

habitats within the subject land, based
on previous mapping by Creese et al.
(2009) and information presented in
Technical working paper: Marine
ecology (Cardno, 2020b).
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Survey area Surveyor Date Purpose of survey

Flat Rock Reserve Arcadis October 2018 To carry out Anabat surveys,
opportunistic fauna surveys, habitat
assessment and complete BAM Plots.

Wakehurst Parkway east Arcadis November 2018 To carry out opportunistic fauna
(BL13) surveys, habitat assessment and
complete BAM Plots.

Bushland north of Bantry Arcadis June 2019 Inspection of area mapped as Coastal
Bay Oval Upland Swamp.

Wakehurst Parkway and Arcadis December 2019 Targeted surveys for Large-eared
adjacent bushland in and January 2020 Pied Bat (Chalinolobus dwyeri).

Garigal National Park,
Wakehurst Parkway east
(BL13) and Manly
Warringah War Memorial

State Park

Flat Rock Reserve Arcadis March 2020 Additional inspection of Flat Rock
Reserve.

Wakehurst Parkway and Arcadis April 2020 Vegetation condition transects.

adjacent bushland

2.6.1 Vegetation surveys

Vegetation surveys were carried out across the subject land by WSP ecologists, as documented in
WSP (2018), and Arcadis ecologists (as summarised in Table 2.2), to verify existing vegetation
mapping and to characterise the vegetation present at each site that was surveyed.

2.6.1.1 Random meander survey

Random meander surveys are a variation of the transect type survey and were completed in
accordance with the technique described by Cropper (1993), whereby the recorder walks in a
random meander throughout the subject land recording dominant and key plant species (eg
threatened species, weeds), boundaries between various vegetation communities and condition of
vegetation. WSP (2018) conducted random meander surveys in the vegetation of the subject land
in 2016 and 2017, and Arcadis conducted random meander surveys in parts of the subject land
between 2017 and 2020.

The time spent in each vegetation community was generally proportional to the size of the
community and its species richness. This survey technique was used to verify vegetation
boundaries and stratification from the desktop analysis (WSP, 2018).

2.6.1.2 BAM vegetation integrity plots

Vegetation integrity plots were carried out by WSP (2018) and Arcadis in accordance with the
BAM. These quantitative (quadrat/transect) site surveys (Table 2.3) were carried out as outlined in
the methodology contained within the BAM as described below. The plot requirement per PCT, as
specified in the BAM, and number of plots completed are outlined in Table 2.4. Figure 2-2
illustrates the plot layout of nested 20 metre by 50 metre, 20 metre by 20 metre and one metre by
one metre sub-quadrats used for the assessment of condition attributes layout at each plot site.
The locations of plots and transects are shown in Figure 2-3. Detailed plot data is provided in
Annexure C of this report.
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Table 2.3

Location and orientation of BAM plots

Plot name Surveyors Easting Northing Bearing
BBO05 WSP 338590 6259751 212
BB06 WSP 338473 6259604 210
BBO7 WSP 338339 6259484 278
BB10 WSP/Arcadis 334015 6257090 16
BB13 WSP 336352 6263196 192
BB14 WSP 336368 6257110 12
BB19 WSP 332500 6260663 62
P17 WSP 336368 6261574 11
P18 WSP 336899 6262643 131
P19 WSP 336928 6262900 230
P20 WSP 336428 6262891 190
P22 WSP 336699 6259751 320
P23 WSP 336306 6259604 164
P24 WSP 336323 6259484 180
P25 WSP 336282 6263077 181
P26 WSP 336349 6263196 12
AO1 Arcadis 336893 6260940 190
A02 Arcadis 333914 6257130 150
AO3 Arcadis 333891 6257220 330
A04 Arcadis 337012 6261110 287
A05 Arcadis 337037 6261040 132
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Figure 2-2 Schematic diagram illustrating the plot layout

The following site attributes were recorded at each site:

Location: easting — northing, (grid type MGA 94, Zone 56)

Native and exotic species richness (400 square metre quadrat): This consisted of recording
all species by systematically walking through each 20 by 20 metres quadrat. The cover and
abundance (percentage of area of quadrat covered) of each species was estimated. The growth
form, stratum/layer and whether each species was native, exotic, or high threat weed was
recorded

Number of trees with hollows (1,000 square metre quadrat): This was the frequency of
hollows within living and dead trees within each 50 by 20 metre quadrat. A hollow was only
recorded if (a) the entrance could be seen; (b) the estimated entrance width was at least five
centimetres across; (c) the hollow appeared to have depth; (d) the hollow was at least one metre
above the ground; and the (e) the centre of the tree was located within the sampled quadrat

Number of large trees and stem size diversity (1,000 square metre quadrat): tree stem size
diversity was recorded by measuring the diameter at breast height (DBH) (ie 1.3 metre from the
ground) of living trees (greater than five centimetres DBH) within each 50 metre by 20 metre
quadrat. For multi-stemmed living trees, only the largest stem was included in the count. The
number of large trees was determined by counting all trees with a DBH greater than the
specified DBH of large trees for each vegetation formation, as noted in the VIS Classification
Database (DPIE (EES), 2020b)

Evaluation of regeneration: This was estimated as the presence/absence of overstorey
species present at the site that was regenerating (ie saplings with a DBH less than or equal to
five centimetres)

Total length of fallen logs (1,000 square metre quadrat): This was the cumulative total of logs
within each 50 by 20 metre quadrat with a diameter of at least 10 centimetres and a length of at
least 0.5 metres

Litter cover: This comprised estimating the average percentage groundcover of litter (ie leaves,
seeds, twigs, branchlets and branches with a diameter less than 10 centimetres which is
detached from a living plant) from within five sub-plots that measured one by one metre squared
spaced evenly on either side of the 50 metre central transect.
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Table 2.4 Comparison of number of plots required and completed in each vegetation zone,
as per the BAM

Vegetation zone Vegetation Plots Plots
zone area (ha) required completed

PCT 1250: Sydney Peppermint - 0.20 BB13

Smooth-barked Apple - Red

Bloodwood shrubby open forest on

slopes of moist sandstone gullies,

eastern Sydney Basin Bioregion

PCT 1292: Water Gum - Coachwood | 0.92 BB5

riparian scrub along sandstone BB7

streams, Sydney Basin Bioregion

PCT 1783: Red Bloodwood - Scribbly | 4.22 P18

Gum/Old-man Banksia open forest on P25

sandstone ridges of northern Sydney P24

and the Central Coast A05

PCT 1786: Red Bloodwood - Silvertop | 1.01 P20

Ash - Stringybark open forest on BB14

ironstone in the Sydney region — good

condition

PCT 1786: Red Bloodwood - Silvertop | 0.37 AO01

Ash - Stringybark open forest on

ironstone in the Sydney region —

moderate condition

PCT 1824: Mallee - Banksia - Tea- 6.18 P19

tree - Hakea heath-woodland of the P22

coastal sandstone plateaus of the P23

Sydney basin A04

PCT 1841: Smooth-barked Apple - 1.79 BB06

Turpentine - Blackbutt tall open forest BB10

on enriched sandstone slopes and BB19

gullies of the Sydney region

PCT 1845: Smooth-barked Apple - 0.39 P17

Red Bloodwood - Blackbutt tall open P26

forest on shale sandstone transition

soils in eastern Sydney

Native Revegetation 1.29 A02
A03

Native Plantings 0.36 -

Urban Exotic/Native 4.64 -

Weeds and Exotics 0.23 -
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2.6.1.3 Floristic Analysis

Floristic analysis of vegetation plot data was carried out to determine the vegetation community
and PCT. This included comparison with:

¢ The Native Vegetation of the Sydney Metropolitan Area (Version 3.0) (OEH, 2016)
¢ Vegetation Information System (VIS) Classification Database (DPIE (EES), 2020b).

Native vegetation occurring in the subject land was identified by formation, class and type and
classified in accordance with the definitions of PCTs in the Vegetation Information System (VIS)
Classification Database (DPIE (EES), 2020b). PCTs were aligned with corresponding TEC where
applicable, using VIS Classification Database (DPIE (EES), 2020b).

Areas of non-PCT vegetation were also identified and mapped. Data was also collected in these
areas to show the composition of non-PCT vegetation in the subject land.

2.6.1.4 Vegetation condition transects

In order to assess the extent of indirect impacts of the existing road at the Wakehurst Parkway on
adjoining areas of native vegetation, ten transects were carried out to measure vegetation
condition (Figure 2-3 map d and e). Each vegetation condition transect extended perpendicularly
from the road edge, with native shrub cover, native ground cover and exotic cover estimated within
five metre by five metre quadrats spaced at 10 metre intervals along a tape.
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Figure 2-3 Vegetation survey locations (map a)
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Figure 2-3 Vegetation survey locations (map b)

Beaches Link and Gore Hill Freeway Connection
Technical working paper: Biodiversity development assessment report

26



Figure 2-3 Vegetation survey locations (map c)
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Figure 2-3 Vegetation survey locations (map d)
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Figure 2-3 Vegetation survey locations (map e)
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2.6.2 Threatened species surveys

Targeted threatened species surveys were carried out within the subject land by WSP
ecologists between May 2016 and November 2017 and by Arcadis ecologists

between February 2018 and March 2020. The survey techniques, optimum survey period and
dates of targeted surveys for threatened flora and fauna species are summarised in Table 2.5
and Table 2.6, respectively.

2.6.2.1 Threatened flora surveys

Targeted surveys were completed for 19 threatened flora species identified as having a
moderate to high likelihood of occurring in the subject land. A number of flora species that
potentially occur within the subject land have seasonal survey requirements due to difficulty of
detection except at specific times of the year, during their flowering period. The BAM outlines
survey requirements for threatened species including requirements for seasonal surveys to
maximise the likelihood of recording a species if present. The optimum survey period and
dates for each threatened flora species targeted by these surveys are summarised in Table
2.5.

2.6.2.1.1 Targeted surveys for Prostanthera spp. (WSP, 2018)

According to the species profile for Prostanthera junonis (Somersby Mintbush) in the
Threatened Biodiversity Data Collection (TBDC) (DPIE, 2020c), this species is confined to the
Somersby Plateau. During late winter 2016, before the spring flowering period for the target
Prostanthera species, WSP (2018) carried out consultation with DPIE (EES) in respect to
Prostanthera junonis records from Seaforth. DPIE (EES) sighting and location notes for the
three Seaforth records were provided and reviewed. DPIE (EES) indicated that the
determination of each specimen type to Prostanthera junonis was most likely due to the
uncertain taxonomic status of Prostanthera marifolia (Seaforth Mintbush), which at the time of
the determinations, was a species presumed extinct.

Staff from the National Herbarium of New South Wales inspected the herbarium type sample
from the western side of the Wakehurst Parkway, opposite Seaforth Oval at Seaforth. The type
sample was determined by B.J. Conn on 4 February 2002 (NSW 497438). Herbarium staff
indicated that Conn had hand written notes that stated the determination was classified as
probably Prostanthera junonis. It is now considered that the Prostanthera junonis sample from
Seaforth is most likely Prostanthera marifolia.

Regardless of the taxonomic uncertainty of the Seaforth records, reference populations of
Prostanthera junonis (Peats Ridge Road, Somersby) were observed in full flower before the
2016 and 2017 targeted surveys (15 October 2016 and 6 October 2017).

Parallel transect surveys targeting potential habitat for both Prostanthera junonis and
Prostanthera marifolia were conducted, following reference population flowering, along both
the eastern and western sides of the Wakehurst Parkway. Parallel transect surveys targeting
the species were conducted over two flowering seasons in 2016 and 2017.
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Table 2.5 Threatened flora species survey techniques, locations and timing

Species

BC Act EPBC
status* Act

status*

Survey technique

Survey location

Seasonal
survey
requirements#

Survey timing

(Netted Bottle
Brush)

Random meander
Parallel transects

Hallstrom Park (PCT 1292,
PCT 1824)

Wakehurst Parkway (PCT 1250,
PCT 1783, PCT 1786, PCT 1824,
PCT 1845)

Acacia bynoeana E \% Quadrats (30 minutes for Burnt Bridge Creek Deviation (PCT September — 19-21 and 24-27 October 2016
(Bynoe’s Wattle) each quadrat sampled) 1250, PCT 1292) March 28-29 November 2016
Random meander Hallstrom Park (PCT 1292) 14-15 February 2017
Wakehurst Parkway (PCT 1250) 9,10, 27, 30,31 October 2017
1-2 November 2017
Acacia terminalis E E Quadrats (30 minutes for Burnt Bridge Creek Deviation Any season 10-12 May 2016
subsp. terminalis each quadrat sampled) (PCT 1250) 5-8, 11-12 July 2016
(Sunshine Wattle) Random meander Hallstrom Park Site (PCT 1824) 19-21 and 24-27 October 2016
Parallel transects Wakehurst Parkway (PCT 1250, 28-29 November 2016
PCT 1824) 14-15 February 2017
18 May 2017
4 and 9 August 2017
9,10, 27, 30,31 October 2017
1-2 November 2017
12 November 2018
Callistemon V - Quadrats (30 minutes for Burnt Bridge Creek Deviation September — 19-21 and 24-27 October 2016
linearifolius each quadrat sampled) (PCT 1250, PCT 1292, PCT 1776) March 28-29 November 2016

14-15 February 2017

9,10, 27, 30,31 October 2017
1-2 November 2017

12 November 2018
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Species BC Act EPBC Survey technique Survey location Seasonal Survey timing
status® | Act survey
status* requirements#
Epacris Vv - Quadrats (30 minutes for Artarmon (PCT 1841, PCT 1776) July to 5-8, 11-12 July 2016
purpurascens var. each quadrat sampled) Burnt Bridge Creek Deviation September 19-21 October 2016
purpurascens Random meander (PCT 1292, PCT 1841) 24-27 October 2016
Parallel transects Hallstrom Park (PCT 1292, 4 and 9 August, 2017
PCT 1841)
24 March 2020
Flat Rock Reserve (PCT 1841)
Wakehurst Parkway (PCT 1786,
PCT 1845)
Northbridge (PCT 1783)
Eucalyptus \% \Y Quadrats (30 minutes for Burnt Bridge Creek Deviation Any season 10-12 May 2016
camfieldii each quadrat sampled) (PCT 1250, PCT 1292) 5-8, 11-12 July 2016
(Heart-leaved Random meander Hallstrom Park (PCT 1292 and other 19-21 and 24-27 October 2016
Stringybark) Parallel transects vegetation) 28-29 November 2016
Wakehurst Parkway (PCT 1250) 14-15 February 2017
18 May 2017
4 and 9 August 2017
9,10,27,30,31 October 2017
1-2 November 2017
Genoplesium E E Quadrats (30 minutes for Hallstrom Park Site (PCT 1824) February to 14-15 February 2017
baueri each quadrat sampled) Wakehurst Parkway (PCT 1824) March
(Bauer’s Midge Random meander
Orchid) Inspection at reference site
(Booralie Road, Terry Hills
— 12 February 2017) did not
record any specimens
within known population
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Species

Grevillea caleyi
(Caley’s Grevillea)

BC Act EPBC
status* Act

CE

status*

Survey technique

Quadrats (30 minutes for
each quadrat sampled)

Random meander

Survey location

Wakehurst Parkway (PCT 1786,
PCT 1845)

Seasonal
survey
requirements#

Any season

Survey timing

10-12 May 2016

5-8, 11-12 July 2016

19-21 and 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

4 and 9 August 2017

9,10, 27, 30,31 October 2017
1-2 November 2017

Haloragodendron
lucasii

E

Quadrats (30 minutes for
each quadrat sampled)

Random meander

Burnt Bridge Creek Deviation
(PCT 1250, PCT 1292)

Hallstrom Park (PCT 1292)
Wakehurst Parkway (PCT 1250)

Any season

10-12 May 2016

5-8, 11-12 July 2016

19-21 & 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

4 and 9 August 2017

9,10, 27, 30,31 October 2017
1-2 November 2017

Hibbertia puberula

E

Quadrats (30 minutes for
each quadrat sampled)

Random meander

Burnt Bridge Creek Deviation
(PCT 1250, PCT 1776)

Wakehurst Parkway (PCT 1250,
PCT 1783, PCT 1786)

October to
December

24-27 October 2016

28-29 November 2016

9,10, 27, 30,31 October 2017
1-2 November 2017

12 November 2018
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Species

BC Act EPBC
status* Act

status*

Survey technique

Survey location

Seasonal
survey
requirements#

Survey timing

(Hairy Geebung)

each quadrat sampled)
Random meander
Parallel transects

(PCT 1250)
Hallstrom Park Site (PCT 1824)

Wakehurst Parkway (PCT 1250,
PCT 1786, PCT 1824, PCT 1845)

May

Lasiopetalum \% Vv Quadrats (30 minutes for Wakehurst Parkway (PCT 1824) Any season 10-12 May 2016
Joyceae each quadrat sampled) Hallstrom Park Site (PCT 1824) 5-8, 11-12 July 2016
Random meander 19-21 and 24-27 October 2016
28-29 November 2016
14-15 February 2017
18 May 2017
4 and 9 August 2017
9,10, 27, 30,31 October 2017
1-2 November 2017
12 November 2018
Leptospermum \% V Quadrats (30 minutes for Artarmon (PCT 1841) October to 19-21 and 24-27 October 2016
deanei each quadrat sampled) Burnt Bridge Creek Deviation November 28-29 November 2016
Random meander (PCT 1250, PCT 1292, (PCT 1841) 9,10, 27, 30,31 October 2017
Hallstrom Park (PCT 1292, 1-2 November 2017
PCT 1841) 24 March 2020
Flat Rock Reserve (PCT 1841)
Wakehurst Parkway (PCT 1250)
Microtis angusii  |E E Quadrats (30 minutes for Highly disturbed areas with limited or | September to 19-21 and 24-27 October 2016
each quadrat sampled) no veg October 9,10, 27, 30,31 October 2017
Random meander Wakehurst Parkway (PCT 1786) 1-2 November 2017
Microtis angusii was
recorded in flower at
reference site (Mona Vale
Road, Ingleside — 19
October 2016)
Persoonia hirsuta E E Quadrats (30 minutes for Burnt Bridge Creek Deviation December to 10-12 May 2016

14-15 February 2017
18 May 2017
12 November 2018
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Species BC Act EPBC Survey technique Survey location Seasonal Survey timing
status* |Act survey
status* requirements#
Pimelea curviflora \V Vv Quadrats (30 minutes for Burnt Bridge Creek Deviation October to May [10-12 May 2016
var. curviflora each quadrat sampled) (PCT 1776) 19-21 and 24-27 October 2016
Random meander Artarmon (PCT 1776) 28-29 November 2016
Parallel transects Wakehurst Parkway (PCT 1786) 14-15 February 2017
18 May 2017
9,10, 27, 30,31 October 2017
1-2 November 2017
Prostanthera E E Quadrats (30 minutes for Wakehurst Parkway (PCT 1786) September to 19-21 & 24-27 October 2016
Junonis each quadrat sampled) Prostanthera junonis does not occur | November ~ 19,10, 27, 30,31 October 2017
(Somersby Random meander south of the Hawkesbury, species (DOctob%r to mid- | 5 November 2017
Mintbush) Parallel transects records predate description of ecember in
Prostanthera iunonis was Prostanthera marifolia. Though these | EIA guidelines) 12 November 2018
eraju have been delineated due to changes
recorded in flower at . : o
marifolia 15 October 2016). This carried out for both Prostanthera October
; U . junonis and Prostanthera marifolia.
informed flowering period
for Prostanthera marifolia.
Reference site for
Prostanthera marifolia was
inspected (Seaforth Oval —
19 October 2016).
However, no specimens
were recorded within known
population.
Rhodamnia CE - Quadrats (30 minutes for Wakehurst Parkway (quadrats only) |Any season 31 October 2017
rubescens each quadrat sampled) (PCT 1841, PCT 1845) 24 March 2020
(Scrub Random meander Flat Rock Reserve (PCT 1841)
Turpentine)
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Species BC Act EPBC Survey technique Survey location Seasonal Survey timing
status* |Act survey
status* requirements#
Syzygium E Vv Quadrats (30 minutes for Artarmon (PCT 1841) Any season 10-12 May 2016
paniculatum each quadrat sampled) Burnt Bridge Creek Deviation 5-8, 11-12 July 2016
(Magenta Lilly Random meander (PCT 1292, PCT 1841) 19-21 and 24-27 October 2016
Pilly) Parallel transects Hallstrom Park (PCT 1292, 28-29 November 2016
IF:ICTF: 84k1l):< PCT 1841 14-15 February 2017
at Rock Reserve ( ) 18 May 2017
4 and 9 August 2017
9,10, 27, 30,31 October 2017
1-2 November 2017
19 October 2018
24 March 2020
Tetratheca V - Quadrats (30 minutes for Burnt Bridge Creek Deviation July to 5-8, 11-12 July 2016
glandulosa each quadrat sampled) (PCT 1250, PCT 1292) November 19-21 and 24-27 October 2016
(Glandular Pink- Random meander Hallstrom Park (PCT 1292, 28-29 November 2016
bell) Parallel transects \ljvo-ll; 1h824: parkway (PCT 1250 4 and 9 August 2017
No reference site was xe L anway ’ 9,10, 27, 30,31 October 2017
visited for this species as it |PCT 1786, PCT 1824, PCT 1845) 1’2 I;l ’mb, F 2017
was recorded during -« Novembe
recognised flowering period 12 November 2018

*V=Vulnerable, E=Endangered, CE=Critically Endangered
# Optimal time of year for survey is based on survey months provided in Bionet
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2.6.2.2 Threatened fauna surveys

Targeted seasonal surveys were completed for threatened fauna species identified as having a
moderate to high likelihood of occurring within the subject land, which mainly included species
known to occur in modified and disturbed environments. Terrestrial fauna survey locations are
shown in Figure 2-4.

Threatened fauna surveys completed within the subject land were carried out as described below
and where applicable, considering the methodology detailed in the NSW Threatened Biodiversity
Survey and Assessment: Guidelines for Developments and Activities (Working Draft) (DEC, 2004),
the Survey Guidelines for Australia’s Threatened Birds (DEWHA, 2010a), Threatened Species
survey and assessment guidelines: field survey and methods for fauna-Amphibians (DECC, 2009),
Species credit’ threatened bats and their habitats: NSW survey guide for the Biodiversity
Assessment Method (OEH, 2018a) and Survey guidelines for Australia’s threatened frogs
(DEWHA, 2010c). The optimum survey period and dates surveyed for each threatened fauna
species targeted by these surveys are summarised in Table 2.6. NSW Survey Guide for
Threatened Frogs: A guide for the survey of threatened frogs and their habitats for the Biodiversity
Assessment Method (DPIE (EES), 2020f) was released in September 2020. There is no
requirement to adopt these guidelines for the project given the timing of release and submission of
this BDAR (December 2020). Targeted surveys for frogs were not undertaken in accordance with
these guidelines.

2.6.2.2.1 Diurnal bird surveys

A bird survey was completed targeting diurnal species by actively walking through a site over a
period of 20 minutes. All birds were identified to the species level, either through direct observation
or identification of calls. Bird surveys were completed during different times of the day, but
generally occurred during morning hours or evening. Birds were also recorded opportunistically
during all other surveys.

In addition, targeted surveys were conducted for threatened shorebirds within intertidal habitats
that occur in the subject land and wider assessment area, specifically, at Middle Harbour (Spit
West Reserve).

2.6.2.2.2 Microbat survey and roosting habitat assessment

Passive recording of echolocation calls of microchiropteran bats (microbats) was carried out at a
number of sites within native vegetation in the subject land. Ultrasonic Anabat bat detection (Titley
Electronics) was used to record continuously during nocturnal spotlighting transects, call playback
and stag watches at potential artificial roosting culverts and bridges within the subject land.

A diurnal inspection of accessible potential roosting sites located within the subject land was
carried out by WSP ecologists at the following locations:

e Concrete culvert at Balgowlah
e Concrete culvert at Artarmon
e Concrete underground walkway at Naremburn.

Inside each structure, wall cavities, ceiling cavities, crevices and any other areas considered to
contain potential microbat roosting habitat (for species known to roost in human made structures)
were inspected. These areas were examined for signs of past or current microbat use (evidence of
guano) and their value as roosting habitat was assessed. The outside of each structure was
examined for potential microbat entry and exit points.

Ecologists with spotlights were stationed at potential microbat exit points from dusk, to determine
whether any microbats were leaving the potential roost sites. Handheld Anabats were used to
record the echolocation calls of any microbats exiting the potential roost site.

Active Anabat surveys in conjunction with a stag watch for microbat activity also occurred at a
large hollow-bearing tree at northern section of the Wakehurst Parkway (hollow greater than
20 centimetres).
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Large-eared Pied Bat (Chalinolobus dwyeri) targeted surveys

Targeted surveys for the Large-eared Pied Bat (Chalinolobus dwyeri) (Vulnerable — EPBC Act, BC
Act) were carried out by Arcadis ecologists in the Large-eared Pied Bat survey area identified in
Figure 2-5 at the Wakehurst Parkway in December 2019 and January 2020. An initial desktop
assessment was carried out to identify rocky features (eg caves, scarps, cliffs, etc) within 100
metres of the subject land that could provide breeding habitat in accordance with ‘Species credit’
threatened bats and their habitats: NSW survey guide for the Biodiversity Assessment Method
(OEH, 2018a). High resolution aerial imagery and topographic maps were used to identify the
rocky features to target for surveys (Figure 2-5). Diurnal inspections of the rocky features identified
by desktop and all land within 100 metres of these areas were searched by foot to identify potential
breeding habitat (Figure 2-5). Any suitable features were searched for microbats or evidence of
their presence (eg guano) with a hand torch. Suitable habitat and roost search locations are shown
in Figure 2-5.

Passive and active recordings of echolocation calls of microbats were carried out at six roost sites
and five transects, respectively, within suitable roosting and/or foraging habitat.

Data analysis

Microbat call analyses were completed by Nathan Cooper of WSP, Carl Corden and Jessica
Rooke of Arcadis, with the presentation of data considering the guidelines of the Australasian Bat
Society outlined in Bat Calls of New South Wales: region-based guide to the echolocation calls of
microchiropteran bats (Pennay et al., 2004) was used as a reference collection for microbat call
identification.

All microbat calls were identified with a high degree of confidence as they were typical call
frequencies and shapes for each species identified and within the known distribution and habitat
types for these species.

2.6.2.2.3 Harp trapping

Harp trapping was conducted to determine the presence or absence of breeding Large-eared Pied
Bats within 100 metres of the subject land at the Wakehurst Parkway. Harp trapping was
conducted for Large-eared Pied Bat to meet the survey requirements of ‘Species credit’ threatened
bats and their habitats: NSW survey guide for the Biodiversity Assessment Method (OEH,
2018a).Trapping was conducted at five locations over a total of eight nights within the survey area
shown in Figure 2-5. Harp traps were erected in potential flyways and at likely exit locations of
potential roost sites (Figure 2-5). Trapping occurred from sunset to sunrise on each trap night, with
checks being conducted by two ecologists around 10pm and 5.30am.

2.6.2.2.4 Spotlighting

Spotlighting was used to target threatened nocturnal mammals, birds, reptiles and amphibians.
Spotlighting was completed after dusk. Surveys were completed on foot using high-powered
headlamps and hand torches. Any animals observed were identified to the species level.

2.6.2.2.5 Stag watches

Stag watches were carried out at dusk at the two locations where hollow-bearing trees were
identified within the subject land. The aim of stag watches was to identify if threatened owls were
using any hollow-bearing trees within the subject land for breeding purposes.

2.6.2.2.6 Call playback

Call playback was used to survey for nocturnal birds and frogs. Call playback was completed after
dusk within a number of sites in the subject land; frog call-back surveys were only carried out in
areas of potential habitat, mainly at creeks and ephemeral drainage lines.

For each survey, an initial listening period of 10 to 15 minutes was carried out, followed by a
spotlight search for 10 minutes to detect any animals in the immediate vicinity. The calls of the
target species were then played intermittently for five minutes followed by a 10 minute listening
period. After the calls were played, another 10 minutes of spotlighting was carried out nearby to
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check for animals attracted by the calls, but not vocalising. Calls were broadcast using a portable
media player and megaphone.

2.6.2.2.7 Hair tubes

A total of 40 small (50 millimetres) and 40 medium (90 millimetres) hair tubes were used to detect
the presence of small and medium-sized terrestrial mammals; hair samples become attached to
double-sided tape that is attached to the inside of the tube near the bait. Each hair tube was baited
with a suitable food source containing honey, and each trap and immediate vicinity was sprayed
with an attractant of honey/vanilla essence mixed with water. Hair tubes were set in the field for a
two week period on two occasions.

2.6.2.2.8 Terrestrial trapping

Transects of 25 Elliot traps and four cage traps were set in the field for four consecutive nights to
target small to medium sized terrestrial mammals. Each trap was baited with a suitable food
source for each of the targeted species. Traps were checked at dawn each morning and captured
animals were identified to species level before being released. All live trapping followed guidelines
and policies for wildlife research in accordance with animal ethics protocols.

2.6.2.2.9 Remote camera

Remote motion sensing infra-red cameras were positioned in the subject land, primarily to target
terrestrial mammals. Remote camera traps were set with a suitable food source containing raw
chicken necks and sardines (for Spotted-tailed Quoll (Dasyurus maculatus)) and rolled oats and
peanuts with honey and vanilla essence (for Eastern Pygmy-possum (Cercartetus nanus) and
Southern Brown Bandicoot (Isoodon obesulus obesulus)) in the appropriate microhabitat. Cameras
were also used to target other animals occurring within survey locations including introduced
species.

Six remote cameras were used to target Spotted-tailed Quoll for four consecutive nights in April.
Four remote cameras used to target Eastern Pygmy-possum in appropriate microhabitats in the
subject land for four consecutive nights in April 2017. Fourteen remote cameras were used to
target Southern Brown Bandicoot in March to May 2017.

2.6.2.2.10 Nest boxes

Nest boxes were temporarily installed in trees within the subject land to survey small to medium-
sized arboreal mammals. Twelve nest boxes were installed in native vegetation communities near
the Wakehurst Parkway, in the northern extent of the subject land, for a period of 12 weeks. Nest
boxes were installed on 23 March 2017 and were checked for fauna presence on 31 March 2017.
Nest boxes were inspected on 17 and 18 August 2017 to identify the presence of any arboreal
fauna species.

2.6.2.2.11 Herpetofauna searches

Searches for herpetofauna (frogs and reptiles) were carried out during the day and at night.
Herpetofauna surveys were completed by one or two persons over a 30-minute period in areas of
suitable habitat. Searches involved:

¢ Looking for active specimens and eye shine

¢ Turning over suitable ground shelter such as fallen timber, sheets of iron and exposed rocks,
raking debris (all ground shelter was returned to its original position)

o Peeling decorticating bark
¢ Aural recognition of frog calls.

2.6.2.2.12 Opportunistic sightings

At all survey locations, all fauna species and evidence of fauna presence observed was recorded
by WSP and Arcadis ecologists. An inventory of fauna species recorded in the subject land by
Arcadis was compiled (Annexure C).
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Opportunistic fauna surveys involved:

¢ Direct visual observations of animal activity

o Aural recognition of bird and frog calls

¢ Indirect evidence of fauna (such as scats, nests, burrows, hollows, tracks, scratches and
diggings).

An inventory of fauna species recorded by WSP during field investigations is in Harbourlink

Terrestrial Biodiversity Survey Report (NSP, 2018) (unpublished).
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Table 2.6 Threatened fauna species survey techniques, locations and timing

Species

EPBC
Act
status*

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Bell Frog
(Litoria aurea)

playback

Night spotlight
watercourse
search

5 person hours

Flat Rock Reserve

Giant Burrowing \% Nocturnal call 5 person hours Wakehurst Parkway | September to May 10, 12 May 2016
Frog playback Artarmon 23, 24, 28 and 31 March 2017
(Heleioporus ) ) Flat Rock Reserve 3 and 4 May 2017
australiacus) Night habitat 5 person hours Burnt Bridge Creek

search of damp DU iation 9

and watery sites eviatio

(30 minutes per

site)

Night spotlight 5 person hours

watercourse

search
Green and Golden \% Nocturnal call 5 person hours Artarmon November to March 17 and 18 August 2016

23, 24, 28 and 31 March 2017

Red-crowned
Toadlet
(Pseudophryne
australis)

Nocturnal call
playback

5 person hours

Night habitat
search of damp
and watery sites
(30 minutes per
site)

5 person hours

Wakehurst Parkway
Artarmon
Flat Rock Reserve

Burnt Bridge Creek
Deviation

All year

5-8, 11-12 July 2016

17 and 18 August 2016
23, 24, 28 and 31 March 2017
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Species

Survey
technique

Night spotlight

Survey effort

5 person hours

Survey location

Seasonal survey
requirements*

Survey timing

Deviation

watercourse

search
Regent Honeyeater | CE CE Standard 20- 8.7 person hours Wakehurst Parkway | N/A 10 and 12 May 2016
(Anthqchaera minute search of Flat Rock Reserve 5-8, 11-12 July 2016
phrygia) a2 hectare area Burnt Bridge Creek 23, 24, 28, 31 March 2017

Deviation 19 April to 4 May 2017
18 May 2017

Glossy Black- V - Standard 20- 7.3 person hours Wakehurst Parkway | March to August 10 and 12 May 2016
Cockatoo minute search of Flat Rock Reserve 5-8, 11-12 July 2016
faizlay,f.,?;rhy nehtis a2 hectare area Burnt Bridge Creek 19-21 and 24-27 October 2016

28-29 November 2016
14-15 February 2017

18 May 2017

23, 24, 28, 31 March 2017
19 April to 4 May 2017

17, 18 August 2017
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

(Haematopus
longirostris)

minute search of
a 2 hectare area

(Hallstrom Park)
Middle Harbour

Varied Sittella Standard 20- 7.3 person hours Wakehurst Parkway | N/A 10 and 12 May 2016
(Daphoenositta minute search of Flat Rock Reserve 5-8, 11-12 July 2016
chrysoptera) a2 hectare area Burnt Bridge Creek 19-21 and 24-27 October 2016
Deviation 28-29 November 2016
14-15 February 2017
18 May 2017.
23, 24, 28, 31 March 2017
19 April to 4 May 2017
17, 18 August 2017
Little Lorikeet Standard 20- 7.3 person hours Wakehurst Parkway | N/A 10 and 12 May 2016
(qussopsitta minute search of Artarmon 5-8, 11-12 July 2016
pusilla) a 2 hectare area Flat Rock Reserve 19-21 and 24-27 October 2016
Burnt Bridge Creek 28-29 November 2016
Deviation 14-15 February 2017
18 May 2017.
23, 24, 28, 31 March 2017
19 April to 4 May 2017
17, 18 August 2017
Sooty Standard 20- 5 person hours Northbridge All year Targeted shorebird survey:
Oystercatcher minute search of (Hallstrom Park) 23-24 March 2017
(Haematopus a 2 hectare area Middle Harbour
fuliginosus)
Pied Oystercatcher Standard 20- 5 person hours Northbridge All year Targeted shorebird survey:

23-24 March 2017
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Species

White-bellied Sea-
Eagle

(Haliaeetus
leucogaster)

Survey
technique

Standard 20-
minute search of
a 2 hectare area

Survey effort

5 person hours

Survey location

Northbridge
(Hallstrom Park)

Middle Harbour

Seasonal survey
requirements*

July to December

Survey timing

Targeted shorebird survey:
23-24 March 2017

Swift Parrot
(Lathamus discolor)

CE

Standard 20-
minute search of
a 2 hectare area

8.7 person hours

Wakehurst Parkway
Artarmon
Flat Rock Reserve

Burnt Bridge Creek
Deviation

N/A

10 and 12 May 2016

5-8, 11-12 July 2016

23, 24, 28, 31 March 2017
19 April to 4 May 2017

18 May 2017

Square-tailed Kite
(Lophoictinia isura)

Standard 20-
minute search of
a 2 hectare area

7.3 person hours

Wakehurst Parkway

September to
January (breeding)

10 and 12 May 2016

5-8, 11-12 July 2016

19-21 and 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

23, 24, 28, 31 March 2017

19 April to 4 May 2017

17, 18 August 2017

playback

(breeding)

Little Eagle - Standard 20- 2.7 person hours Wakehurst Parkway | August to October 19-21 and 24-27 October 2016
(Hieraaetus minute search of (breeding) 17, 18 August 2017
morphnoides) a 2 hectare area

Barking Owl - Nocturnal call 12 person hours Wakehurst Parkway | May to December 10 and 12 May 2016
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Species

(Ninox connivens)

BC Act
status*

EPBC
Act
status*

Survey
technique

Spotlight
transects

Survey effort

18 person hours

Survey location

Flat Rock Reserve
Artarmon

Stag watches
and spotlight

4 person hours

Wakehurst Parkway

Seasonal survey
requirements*

Survey timing

23, 24, 28 and 31 March 2017
3, 4 May 2017

Winter survey:
17, 18 August 2017

(Pandion cristatus
(syn. P. haliaetus))

minute search of
a 2 hectare area

across all sites

(Hallstrom Park)
Middle Harbour

(breeding)

transects
Powerful Owl V - Nocturnal call 12 person hours Wakehurst Parkway | May to August Targeted spotlighting surveys:
(Ninox strenua) playback Flat Rock Reserve (breeding) 10 and 12 May 2016

Spotlight 18 h Artarmon 23, 24, 28 and 31 March 2017

potlig person hours
transects 3, 4 May 2017
Winter survey:

Stag watches 4 person hours Wakehurst Parkway 17, 18 August 2017

and spotlight

transects
Eastern Osprey Vv - Standard 20- 5 total person hours | Northbridge April to November Targeted shorebird survey:

23 — 24 March 2017
Threatened fauna surveys:
19 April to 4 May 2017
Winter bird survey:

17, 18 August 2017
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Artarmon

Scarlet Robin Standard 20- 7.3 person hours Wakehurst Parkway | N/A 10 and 12 May 2016
(Petroica boodang) minute search of Flat Rock Reserve 5-8, 11-12 July 2016
a 2 hectare area Artarmon 19-21 and 24-27 October 2016
28-29 November 2016
14-15 February 2017
18 May 2017
23, 24 and 28 March 2017
19 April to 4 May 2017
17, 18 August 2017
Flame Robin Standard 20- 7.3 person hours Wakehurst Parkway | N/A 10 and 12 May 2016
(Petroica minute search of Flat Rock Reserve 5-8, 11-12 July 2016
phoenicea) a 2 hectare area

19-21 and 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

23, 24 and 28 March 2017

19 April to 4 May 2017

17, 18 August 2017
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Eastern Ground Standard 20- 7.3 total person Wakehurst Parkway | All year 10 and 12 May 2016
Parrot minute search of | hours 5-8, 11-12 July 2016
(Pezoporus a2 hectare area 19-21 and 24-27 October 2016
wallicus subsp. 28-29 November 2016
wallicus)

14-15 February 2017

18 May 2017

23, 24, 28, 31 March 2017

19 April to 4 May 2017

17, 18 August 2017
Superb Fruit-Dove Standard 20- 7.3 person hours Wakehurst Parkway | N/A 5-8, 11-12 July 2016
(Ptilinopus minute search of Flat Rock Reserve 19-21 and 24-27 October 2016
superbus) a2 hectare area Artarmon 28-29 November 2016

14-15 February 2017

18 May 2017

23, 24, 28, 31 March 2017

Threatened fauna surveys:

19 April to 4 May 2017

Winter bird survey:

17, 18 August 2017
Masked Owl Nocturnal call 12 person hours Wakehurst Parkway | May to August Targeted spotlighting surveys:
(Tyto playback Flat Rock Reserve (Breeding) 10 and 12 May 2016
novaehollandiae) Sootliaht 8 A Artarmon 23, 24, 28 and 31 March 2017

trgﬁsegcts persen hotrs 3,4 May 2017
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Species

Survey
technique

Stag watches
and transect
surveys

Survey effort

4 person hours

Survey location

Wakehurst Parkway

Seasonal survey
requirements*

Survey timing

Winter survey:
17, 18 August 2017

Sooty Owl
(Tyto tenebricosa)

Nocturnal call
playback

12 person hours

Spotlight
transects

18 person hours

Wakehurst Parkway
Flat Rock Reserve
Artarmon

Stag watches
and spotlight

4 person hours

Wakehurst Parkway

April to August
(Breeding)

Targeted spotlighting surveys:
10 and 12 May 2016

23, 24, 28 and 31 March 2017
3, 4 May 2017

Winter survey:
17, 18 August 2017

23 March 2017)

Camera traps

16 trap nights
(4 nights and
4 cameras)

Spotlight
transects

18 person hours

transects
Eastern Pygmy- Hair Tubes 560 trap nights Wakehurst Parkway | January to March Targeted surveys:
pgssum (14 nights with Flat Rock Reserve and October to 19 April to 2 May 2017 (13 nights)
I(qaﬁzc:;ﬂetus ?E?Ohrilill-litrlrjlt;?rses)) Burnt Bridge Creek December Nest boxes established 23 March
Deviation 2017 (12 weeks) and checked for
presence on 31 March 2017, and
Nest boxes 12 weeks again on 17 and 18 August 2017
(12 nest boxes T ted tighti )
installed on argeted spotlighting surveys:

10 and 12 May 2016
23, 24, 28 and 31 March 2017
3, 4 May 2017
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

New Holland Elliot traps 400 trap nights Wakehurst Parkway | N/A Targeted surveys:
Mouse (4 nights with 19 April to 2 May 2017 (13 nights)
(Pseudomys 100 Elliot traps)
novaehollandiae)
Hair Tubes 1120 trap nights

(28 nights with

40 hair tubes

(90 millimetres))
Spotted-Tailed Camera traps 24 trap nights Wakehurst Parkway | N/A Targeted surveys:
Quoll (4 nights with 19 April to 2 May 2017 (13 nights)
(Dasyurus 6 cameras)
maculatus
maculatus) Wire cage traps | 48 trap nights

(4 nights with

12 cages)
Southern Brown Hair Tubes 1120 trap nights Wakehurst Parkway | All year Targeted surveys:

Bandicoot

(Isoodon obesulus
obesulus)

(28 nights with
40 hair tubes
(90 millimetres))

Camera traps

420 trap nights
(30 nights with
14 cameras)

Wire cage traps

48 trap nights
(4 nights with
12 cages)

Flat Rock Reserve

19 April to 2 May 2017 (13 nights)
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Koala Scat searches 3 Spot Wakehurst Parkway | All year In conjunction with Threatened
(Phascolarctos (Spot Assessments using Flora surveys:
cinereus) Assesgment the SAT 10 and 12 May 2016
(Tse/f\%‘)'q“e 5-8, 11-12 July 2016
19-21 and 24-27 October 2016
Habitat 7 habitat 28-29 November 2016
assessment assessments 14-15 February 2017
18 May 2017
tsrssgiegcr:; 6 person hours Targeted spotlighting surveys:
10 and 12 May 2016
23, 24, 28 and 31 March 2017
3,4 May 2017
Threatened fauna surveys:
19 April to 4 May 2017
17, 18 August 2017
Grey-headed Spotlight 18 person hours Wakehurst Parkway | October to In conjunction with Threatened
Flying-fox transects December (breeding) | Flora surveys:
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Species

(Pteropus
poliocephalus)

BC Act EPBC
status* Act
status*

Survey
technique

Opportunistic
sightings

Survey effort

210 person hours
(42 days)

Survey location

Flat Rock Reserve
Artarmon

Seasonal survey
requirements*

Survey timing

10 and 12 May 2016

5-8, 11-12 July 2016

19-21 and 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

Targeted spotlighting surveys:
10 and 12 May 2016

23, 24, 28 and 31 March 2017
3, 4 May 2017

Threatened fauna surveys:

19 April to 4 May 2017

17, 18 August 2017

Large-eared Pied
Bat

(Chalinolobus
dwyeri)

Anabat
(acoustic
detection)

16 recording nights

Wakehurst Parkway
Artarmon

Burnt Bridge Creek
Deviation

Flat Rock Reserve

November to
January

Targeted surveys (Anabat
nights):

12 May 2016

23 March 2017

24 March 2017

28 March 2017

3 May 2017

4 May 2017

19 October 2018

17 December 2020

13-16 January 2020 (3 nights)
2024 January 2020 (4 nights)
2829 January 2020 (1 night)
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Species

BC Act
status*

EPBC
Act
status*

Survey
technique

Roost search

Survey effort

30 person hours

Survey location

Wakehurst Parkway

Seasonal survey
requirements*

November to
January

Survey timing

Targeted surveys:
17 December 2020
7 January 2020

Harp trapping 16 trap nights (6 November to Targeted surveys (trap nights):
?'ghtﬁtwﬂ_?hétiaps, January 13-16 January 2020 (3 nights)
night wi raps, . .
1 night with 1 trap) 2024 January 2020 (4 nights)
2829 January 2020 (1 night)
Little Bent-winged V - Anabat 6 recording nights Wakehurst Parkway | December to Targeted surveys (Anabat
Bat (acoustic Artarmon February (Breeding) | nights):
(Miniopterus detection) Burnt Bridge Creek 12 May 2016
australis) < o o A Deviation 23 March 2017
ag watches person hours
(culverts) Flat Rock Reserve 24 March 2017
28 March 2017
3 May 2017
4 May 2017
19 October 2018
Large Bent-winged | V - Anabat 6 recording nights Wakehurst Parkway December to Targeted surveys (Anabat
Bat (acoustic Artarmon February (Breeding) | nights):
detection)
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Species

BC Act
status*

EPBC
Act
status*

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Stag watches
(culverts)

9 person hours

Burnt Bridge Creek
Deviation

Flat Rock Reserve

(Miniopterus Stag watches 9 person hours Burnt Bridge Creek 12 May 2016
orianae (culverts) Deviation 23 March 2017
oceanensis) Flat Rock Reserve 24 March 2017
28 March 2017
3 May 2017
4 May 2017
19 October 2018
Eastern Coastal V - Anabat 6 recording nights Wakehurst Parkway | N/A Targeted surveys (Anabat
Free-tailed Bat (acoustic Artarmon nights):
fl"g;gj;(';%’g;g detection) Burnt Bridge Creek 12 May 2016
Deviation 23 March 2017
Flat Rock Reserve 24 March 2017
28 March 2017
3 May 2017
4 May 2017
19 October 2018
Southern Myotis Vv - Anabat 6 recording nights Wakehurst Parkway | October to March Targeted surveys (Anabat
(Myotis macropus) (acoustic Artarmon nights):
detection) 12 May 2016

23 March 2017
24 March 2017
28 March 2017
3 May 2017

4 May 2017

19 October 2018
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Species

Survey
technique

Survey effort

Survey location

Seasonal survey
requirements*

Survey timing

Greater Broad- Anabat 6 recording nights Wakehurst Parkway | N/A Targeted surveys (Anabat
nosed Bat (acoustic Artarmon nights):
(Scotea/wlr.ilax detection) Burnt Bridge Creek 12 May 2016
rueppelli Deviation 23 March 2017
Flat Rock Reserve 24 March 2017

28 March 2017

3 May 2017

4 May 2017

19 October 2018
Broad-headed Spotlight 18 person hours Wakehurst Parkway | August and In conjunction with Threatened
Snake transects Flat Rock Reserve September Flora surveys:
(Hoplocephalus Burnt Bridge Creek (breeding) 10 and 12 May 2016
bungaroides) Opportunistic 210 person hours Deviation 5-8, 11-12 July 2016

sightings (42 days)

19-21 and 24-27 October 2016
28-29 November 2016

14-15 February 2017

18 May 2017

Targeted spotlighting surveys:
10 and 12 May 2016

23, 24, 28 & 31 March 2017
3, 4 May 2017

Threatened fauna surveys:

19 April to 4 May 2017

17, 18 August 2017
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Species Survey Survey effort Survey location Seasonal survey Survey timing

technique requirements”

Rosenberg’s \Y - Diurnal hand 2 person hours Wakehurst Parkway | N/A In conjunction with threatened
Goanna searches and flora surveys:
(Varanus zlésouallse?rches 10 and 12 May 2016
rosenbergi minuie . -

ai) search) 5-8, 11-12 July 2016

19-21 and 24-27 October 2016
Opportunistic 210 person hours 28-29 November 2016
sightings (42 days) 14-15 February 2017

18 May 2017

Targeted spotlighting surveys:
10 and 12 May 2016

23, 24, 28 & 31 March 2017
3, 4 May 2017

Threatened fauna surveys:

19 April to 4 May 2017

17, 18 August 2017

*V=Vulnerable, E=Endangered, CE=Critically Endangered
# Optimal time of year for survey is based on survey months provided in TBDC
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Figure 2-4 Threatened species survey locations (map a)
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Figure 2-4 Threatened species survey locations (map b)
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Figure 2-4 Threatened species survey locations (map c)
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Figure 2-4 Threatened species survey locations (map d)
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Figure 2-4 Threatened species survey locations (map e)
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Figure 2-5 Targeted surveys for Large-eared Pied Bat (Chalinolobus dwyeri)
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2.7 Fauna habitat assessment

2.7.1 Terrestrial habitat assessment

Habitat assessments were carried out to assess the likelihood of threatened species (those
species known or predicted to occur within the locality, as identified during the literature and
database searches) to occur within the subject land.

Habitat characteristics assessed included:

o Structure and floristics of the canopy, understorey and ground vegetation, including the
presence of flowering and fruiting trees providing potential foraging resources

o Presence of hollow-bearing trees providing roosting and breeding habitat for arboreal mammals,
birds and reptiles

¢ Presence of the ground cover vegetation, leaf litter, rock outcrops and fallen timber and potential
to provide protection for ground-dwelling mammals, reptiles and amphibians

o Presence of waterways (ephemeral or permanent) and water bodies.

2.7.2 Intertidal habitat assessment

Ground truthing of the distribution of intertidal habitats was carried out by Arcadis ecologists on 5
July 2018. The purpose of this ground truthing was to verify the presence of habitats that may be
used by threatened shorebirds and waders, including mud and sandflats, rocky shores and
mangroves.

2.7.3 Aquatic habitat assessment
A freshwater aquatic habitat assessment has been completed by Cardno (2020a) (Annexure D).

The freshwater aquatic habitat assessment was based on water quality and geomorphology
studies carried out for Technical working paper: Surface water quality and hydrology (Jacobs,
2020a). The assessment was informed by the results of inspections carried out at 13 locations
across the six waterways (or their catchments) that fall within the subject land: Willoughby Creek,
Flat Rock Creek, Burnt Bridge Creek, Manly Creek, Manly Dam and Trefoil Creek. Site names and
location details are listed in Table 2.7 and described in detail in Annnexure D. The sites included a
100 metre reach of waterway centred at each location point.

WSP ecologists also visited Flat Rock Creek and Burnt Bridge Creek in spring/summer of 2016,
and the description of these waterways, as provided in Harbourlink Terrestrial Biodiversity Survey
Report (WSP, 2018), has been incorporated into this BDAR.

Table 2.7 Locations of waterway inspections

Site Site name Site location relative to subject land
code

2b Willoughby Creek downstream Downstream of the subject land

3a Burnt Bridge Creek upstream Upstream of the subject land

3b Burnt Bridge Creek downstream Downstream of the subject land

3c, 3d | Burnt Bridge Creek along the proposed | Along the length of the subject land
and 3e | realignment

5a Flat Rock Creek upstream Upstream of the subject land
5b Flat Rock Creek downstream Downstream of the subject land, upstream of Quarry
Creek
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Site name Site location relative to subject land

5c Flat Rock Creek downstream Downstream of the subject land and site 5b
5d Existing aboveground watercourse Along the north-eastern boundary of the Flat Rock
within the northern extent of Flat Rock Drive construction support site (BL2)
Reserve
6b Manly Dam mid-dam Downstream of the subject land
6C Manly Dam wall Downstream of the subject land and 6b
7b Manly Creek downstream Downstream of the subject land and upstream of
Manly Dam
8b Trefoil Creek downstream Downstream of the subject land
9 Wakehurst Golf Course dam Downstream of the Wakehurst Parkway east
construction support site (BL13)

2.7.4 Marine habitat assessment

A separate report has been prepared that describes the marine environments within the subject
land and assesses potential impacts of the project on marine fauna species that may inhabit these
environments (refer to the Technical working paper: Marine ecology (Cardno, 2020b) provided as
Appendix T of the Beaches Link and Gore Hill Freeway Connection project environmental impact
statement). The information presented in this technical paper that is relevant to wandering
seabirds, shorebirds and Little Penguin has been incorporated in this BDAR where relevant.

2.8 Personnel

This BDAR has been prepared by Arcadis ecologists and reviewed by WSP. An overview of the
qualifications and roles of the Arcadis authors are provided in Table 2.8. This BDAR has been
substantially informed by habitat assessments and field investigations conducted by WSP (2018),
with content from WSP incorporated primarily into Sections 2 and 3 of this BDAR. Arcadis has
carried out additional or supplementary field investigations where required.

All work was carried out under the appropriate licences, including scientific licences as required
under Part 2 of the BC Act.

Table 2.8 Personnel involved in preparation of biodiversity assessment
Personnel Qualifications Role

Jane Rodd Bachelor of Science (Ecology), Senior Ecologist — site
BAM accredited assessor (No. BAAS17030) inspections, report preparation

Laura Hoffman | Bachelor of Science (Hons) (Ecology) Senior Ecologist — site
inspections, report preparation

Kate Carroll Bachelor of Science (Hons) (Ecology), BAM Senior Ecologist — site
accredited assessor (No. BAAS17070) inspections, report preparation
Sian Tetther Bachelor of Science Graduate Ecologist — report
preparation
Peter Rand Bachelor of Applied Science Environment Technical Director —

report review
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Personnel

Dr Elvira
Lanham

Qualifications

Bachelor of Environmental Science (Life
Sciences), PhD (Ecology and Evolutionary
Biology), BAM accredited assessor (No.
BAAS20012)

Role

Principal Ecologist — report review

Nathan Banks

Bachelor of Zoology

Ecologist — field surveys, report
preparation

Jessica Rooke

Bachelor of Science (Advanced) (Hons)

Ecologist — field surveys

Carl Cordern

Bachelor of Environmental Management

Ecologist — field surveys

Rittick Borah Bachelor of Science (Hons), Masters of GIS
Remote Sensing and GIS
Ryan Bachelor of Science (Environmental GIS
McManus Management and SIS)
Selga Bachelor of Science (Hons), BAM accredited External report review
Harrington assessor
(WSP)

Caitlin Bennett
(Jacobs)

Principal Environmental Planner —
report review

Bachelor of Science (Environmental Biology),
Master of Urban and Regional Planning,
City/Urban, Community and Regional Planning

Andrew Cook
(South Swell)

Bachelor of Applied Science (Fisheries) Director — report review

2.9 Biodiversity impact calculations

The biodiversity impacts of the project have been calculated in accordance with the BAM (OEH,
2017a), using the BAM credit calculator or the relevant equations specified in the BAM. The
impacts of a development and gains in biodiversity values at biodiversity stewardship sites are
measured in biodiversity credits. Credits are calculated based on three primary factors:

¢ The biodiversity risk weighting that applies to the PCT, TEC or threatened species

¢ The condition of the PCT, TEC or threatened species habitat to be cleared, based on the
vegetation integrity score calculated for the vegetation zone(s)

e The area of habitat or number of individuals to be cleared.

For flora species credits that are calculated based on number of individuals, only the biodiversity
risk weighting and number of individuals are used to calculate credit values.

The biodiversity risk weighting applied to each PCT, TEC or threatened species is used to evaluate
the ecological risks to threatened entities from the biodiversity offsets scheme. Biodiversity risk
weightings range from 1 (low) to 3 (very high). Biodiversity risk weightings range from 1 (low) to 3
(very high). The biodiversity risk weighting is comprised of two components (OEH, 2017a):

¢ Sensitivity to loss — this considers the increased threat posed to an entity from offsetting the loss
of habitat or population, and

¢ Sensitivity to potential gain — this considers the ability of a species to respond to improvements
in habitat condition at an offset site.

The vegetation integrity score is a measure of the condition of native vegetation and is assessed
for each vegetation zone by calculating the scores for a range of condition attributes collected in
plots within the vegetation zone against the benchmark values for the associated PCT. The further
assessment of native vegetation is not required beyond Section 5.4 of the BAM (OEH, 2017a), and
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an assessment of threatened species habitat according to Section 6.2 and Paragraph 6.2.1.4 of
the BAM (OEH, 2017a) is not required if an assessor determines that a PCT has a vegetation
integrity of:

e Less than 15 if the PCT is a Critically Endangered Ecological Community (CEEC) or
Endangered Ecological Community (EEC)

o Less than 17 if the PCT is threatened species habitat or vulnerable ecological community, or

e Less than 20 if the PCT is not representative of a TEC or associated with threatened species
habitat.

The calculation of biodiversity risk weighting and vegetation integrity scores are described in
further detail in the BAM (OEH, 2017a).

2.10Limitations

This assessment is based on the condition of the subject land at the time of field investigations and
the project design and constructability at the date of publication of this document.

This BDAR considers terrestrial flora and fauna, reptiles and seabirds only. Freshwater and marine
fish, mammals and reptiles have been assessed separately by a qualified and experience aquatic
ecologist. The freshwater aquatic assessment is provided in Annexure D of this report, while the
marine aquatic assessment is appended to the environmental impact statement. The results of
these assessments have been included in this BDAR where relevant (ie where results pertain to
shorebirds, wandering seabirds and the Little Penguin).

Targeted surveys for the Large-eared Pied Bat were constrained by the absence of optimal
locations for placement of the harp traps. To optimise the chance of trapping microbats, traps need
to be placed in a regular microbat flyway that funnels bats into the trap. The ridgetop location of
much of the potential habitat meant that such ‘flyway funnels’ were scarce, with bats generally
flying well above the canopy and ridgetops. Harp traps were moved to different locations to
increase the probability of capture and were placed in areas chosen as most likely to capture
microbats. They were placed adjacent to rocky features containing potential roost habitat, in a
power line easement, an access track and in clearings adjacent to dams. No microbats were
caught in the traps though microbat activity was observed on detectors.

The limitations on other field assessments identified by WSP (2018) are as follows:

¢ Detailed desktop assessment was carried out before field surveys to identify the threatened
biodiversity likely to occur in the locality and determine the field survey effort required for the
scale of the project and its ecological context for a constraint’s assessment. However, the
precise range of habitats used by some species is not well understood. Furthermore, the
discovery of previously unknown populations of threatened species, even well outside their
known range, is always possible. This applies particularly to cryptic species of plants and
animals and plant species which can persist as soil seedbanks and easily go undetected despite
intensive survey (WSP, 2018)

o No sampling technique can totally eliminate the possibility that a species is present within the
subject land. For example, some species of plant may be present in the soil seed bank and
some fauna species use habitats on a sporadic or seasonal basis and may not be present within
the subject land during surveys. As the actual distribution and the range of habitat used by some
species is not fully understood, there is always a small possibility that other species could occur
within the study despite being considered to have a low likelihood of occurrence based on their
known range and known habitats (WSP, 2018)

¢ Access was restricted within some parts of the subject land (eg steep cliffs, private properties),
and subsequently, some areas could not be inspected and therefore potential biodiversity values
in these locations could not be verified. Where access on foot was restricted or limited but
adjacent areas were accessible, vegetation community boundaries, condition and threatened
flora and fauna habitat attributes were determined from a distance, often with the aid of
binoculars. Where the vegetation could not be viewed, existing vegetation mapping of the area,
aerial photography and photographs on Google Street View were reviewed
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¢ The conclusions in this report are based upon data acquired for the subject land and the known
distribution and habitat preferences of species. The conclusions are, therefore, merely indicative
of the likely biodiversity values of the subject land, based on information available at the time of
preparing the report, including the presence or otherwise of species. It should be recognised
that, as more information becomes available, assessment of the likely presence of threatened
species could change with time (WSP, 2018).
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3 Existing Environment

Elements of this section of the BDAR have drawn upon Harbourlink Terrestrial Biodiversity Survey

Report (WSP, 2018).

3.1 Landscape features

The BAM requires the assessment of landscape features to help describe the biodiversity values of
the subject land and assess the impacts of the project. Landscape features of the subject land are
shown on Figure 3-1 and summarised in Table 3.1.

Table 3.1 Landscape features

Landscape feature Subject land

IBRA bioregions and subregions

The subject land is located within the Sydney Basin Bioregion and
the Pittwater Subregion classified under Interim Biogeographic
Regionalisation for Australia (IBRA).

NSW landscape regions (Mitchell
landscapes)

The subject land intersects areas of the following Mitchell
landscapes:

e Belrose Coastal Slopes — 43.68 hectares

e Pennant Hills Ridges — 14.26 hectares.

The Belrose Coastal Slopes landscape was used in the credit
calculator as the majority of the subject land occur within this
Mitchell landscape.

Native vegetation extent in the
assessment area

A buffer of 500 metres was applied to the subject land, in
accordance with the methodology for assessing linear shaped
developments. The application of the 500-metre buffer resulted in
an assessment area of around 1399 hectares, as shown in Figure
3-1. The current percentage of native vegetation cover in the
assessment area, based on OEH (2016) vegetation mapping, is
around 26 per cent (around 367 hectares out of the 1399-hectare
assessment area).

Cleared areas

The majority of the subject land is highly urbanised and has
mostly been cleared and developed for residential, commercial
and industrial land uses.

Rivers and streams

Three waterbodies or watercourses (or their catchments) occur
within the subject land:
e Middle Harbour

e Flat Rock Creek (1st order stream)
e Burnt Bridge Creek (1st order stream).

Wetlands

There are no wetlands listed under State Environmental Planning
Policy (Coastal Management) 2018 or wetlands of international
importance within or near the subject land. The closest Wetland
of International importance (Ramsar) is Towra Point nature
reserve, located around 20 kilometres south of the subject land
(refer to EPBC Protected Matters Search Tool results in Annexure
B). There are minor wetlands downstream of the subject land
adjoining Manly Creek.
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Landscape feature Subject land

Connectivity features

There is limited terrestrial habitat connectivity in the subject land,
most of which is highly urbanised and is characterised by
intensive residential, commercial and industrial land uses.

Fully structured native vegetation adjoins the Wakehurst Parkway
in the north of the subject land; this vegetation is continuous with
larger tracts of native vegetation contained within Garigal National
Park (to the west) and Manly Dam Reserve (to the east).
However, this area of habitat is currently transected by the
Wakehurst Parkway, which forms a barrier to the movement of
some fauna species.

Areas of geological significance
and soil hazard features

The subject land does not include any areas of geological
significance, although some rocky areas adjoining the Wakehurst
Parkway and Middle Harbour include sandstone outcrops, caves
and crevices.

The largest area of soil landscape mapped in the subject land is
the Lambert soil landscape, mapped along the Wakehurst
Parkway (Chapman et al., 2009), which has a very high soil
erosion potential, with seasonally perched water tables. The
majority of the subject land is not characterised by significant
undulating topography and the soil erosion hazard is unlikely to
be significant.

Areas of outstanding biodiversity
value

Areas of outstanding biodiversity value (AOBVs), as defined
under the BC Act, are currently limited to areas previously
declared as critical habitat under the TSC Act. There are no
AOBVs within the subject land.

The closest AOBV is critical habitat for the Little Penguin
population in Sydney’s North Harbour, around 5.5 kilometres
north-east of the subject land.
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Figure 3-1 Site map (map a)
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Figure 3-1 Site map (map b)
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Figure 3-1 Site map (map c)

Beaches Link and Gore Hill Freeway Connection
Technical working paper: Biodiversity development assessment report

71



Figure 3-1 Site map (map d)
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Figure 3-1 Site map (map e)
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Figure 3-1 Site map (map f)
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3.2 Existing vegetation mapping

OEH (2016) mapped the vegetation of the Sydney Metropolitan Catchment Management Authority
(CMA) area, which encompasses the subject land. Ten vegetation map units were mapped by
OEH (2016) within the subject land, comprising eight native vegetation types and two non-native
vegetation types. The vegetation map units mapped within the subject land by OEH (2016), the
corresponding PCTs and area within the subject land are listed in Table 3.2 and shown in Figure
3-2. The Urban Exotic/Native vegetation class was applied to polygons greater than 0.1 hectares in
size and with a greater than 70 per cent urban land use, with evidence of both exotic and native

species in the upper or lower strata. These areas include trees in private residential gardens, street
trees in road verges and median strips, and other small isolated stands (OEH, 2016).

Table 3.2 Vegetation mapped in the subject land (OEH 2016)

OEH (2016) map unit Corresponding Plant Community Type (PCT) Area (ha)
mapped within
the subject
land*

S DSF04: Coastal PCT 1776: Smooth-barked Apple - Red Bloodwood 0.57

Enriched Sandstone Dry | open forest on enriched sandstone slopes around

Forest Sydney and the Central Coast

S DSFO08: Coastal PCT 1780: Sydney Peppermint / Coachwood - Water 0.09

Sandstone Riparian Gum open forest in protected sandstone gullies around

Forest Sydney and the Central Coast

S DSF09: Coastal PCT 1250: Sydney Peppermint - Smooth-barked Apple - | 0.66

Sandstone Gully Forest | Red Bloodwood shrubby open forest on slopes of moist

sandstone gullies, eastern Sydney Basin Bioregion

S_DSF11: Sydney PCT 1783: Red Bloodwood - Scribbly Gum/Old-man 3.49

North Exposed Banksia open forest on sandstone ridges of northern

Sandstone Woodland Sydney and the Central Coast

S_DSF14: Sydney PCT 1786: Red Bloodwood - Silvertop Ash - Stringybark | 0.97

Ironstone Bloodwood- open forest on ironstone in the Sydney region (EEC)

Silvertop Ash Forest

S_HLO08: Coastal PCT 1824: Mallee - Banksia - Tea-tree - Hakea heath- 6.78

Sandstone Heath- woodland of the coastal sandstone plateaus of the

Mallee Sydney basin

S _WSFO06: Coastal PCT 1845: Smooth-barked Apple - Red Bloodwood - 1.14

Shale-Sandstone Forest | Blackbutt tall open forest on shale sandstone transition

soils in eastern Sydney

S_SWO03: Seagrass PCT 1913: Seagrass meadows of the estuaries and 0.01

Meadows lagoons of the New South Wales coast

Subtotal - native vegetation 13.71

Urban_E/N: Urban N/A 8.96

Exotic/Native

Weed_Ex: Weeds and N/A 0.60

Exotics

Total of all vegetation in subject land 23.27

*Excludes areas of vegetation mapped within approved footprint of Northern Beaches Hospital road upgrade project
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map a)
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map b)
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map c)
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map d)
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map e)
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Figure 3-2 Distribution of native vegetation as mapped by OEH (2016) (map f)

Beaches Link and Gore Hill Freeway Connection
Technical working paper: Biodiversity development assessment report

81



3.3 Plant Community Types

The vegetation of the subject land was mapped following ground truthing of the existing vegetation
mapping by OEH (2016).

WSP (2018) and Arcadis identified and mapped seven Plant Community Types (PCTs) and four
disturbed vegetation types within the subject land (refer to Table 3.3 and Figure 3-3). PCT
descriptions provided in this section have been sourced from WSP (2018), with some minor
amendments.

Table 3.3 PCTs and other vegetation identified in the subject land by WSP (2018) and

Arcadis
PCT PCT name Corresponding OEH Conservation Area (ha)
(2016) map unit mapped
within the
subject land
1250 | Sydney Peppermint - Smooth- S_DSF09: Coastal Not listed 0.20 ha
barked Apple - Red Bloodwood Sandstone Gully Forest
shrubby open forest on slopes of
moist sandstone gullies, eastern
Sydney Basin Bioregion
1292 | Water Gum - Coachwood riparian | S_DSF_08: Coastal Not listed 0.88 ha
scrub along sandstone streams, Sandstone Riparian
Sydney Basin Bioregion Forest
1783 | Red Bloodwood - Scribbly S_DSF11: Sydney North | Not listed 4.23 ha
Gum/Old-man Banksia open Exposed Sandstone
forest on sandstone ridges of Woodland
northern Sydney and the Central
Coast
1786 | Red Bloodwood - Silvertop Ash - S _DSF14: Sydney Endangered 1.38 ha
Stringybark open forest on Ironstone Bloodwood- (BC Act): Duffys
ironstone in the Sydney region Silvertop Ash Forest Forest
(EEC) Ecological
Community in
the Sydney
Basin Bioregion
1824 | Mallee - Banksia - Tea-tree - S_HLO08: Coastal Not listed 6.18 ha
Hakea heath-woodland of the Sandstone Heath-
coastal sandstone plateaus of the | Mallee
Sydney basin
1841 | Smooth-barked Apple - S _WSF_02: Coastal Not listed 1.79 ha
Turpentine - Blackbutt tall open Enriched Sandstone
forest on enriched sandstone Moist Forest
slopes and gullies of the Sydney
region
1845 | Smooth-barked Apple - Red S_WSFO06: Coastal Not listed 0.39 ha
Bloodwood - Blackbutt tall open Shale-Sandstone Forest
forest on shale sandstone
transition soils in eastern Sydney
Total Native Vegetation 15.05 ha
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PCT name Corresponding OEH Conservation Area (ha)

(2016) map unit status mapped

within the
subject land

N/A N/A - Native Revegetation N/A N/A 1.29 ha

N/A N/A - Native Plantings N/A N/A 0.36 ha

N/A N/A - Urban Exotic/Native N/A N/A 4.89 ha

N/A N/A - Weeds and Exotics N/A N/A 0.23 ha

Total Other Vegetation 6.77 ha
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Figure 3-3 Distribution of Plant Community Types and other vegetation in the subject land
(map a)
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Figure 3-3 Distribution of Plant Community Types and other vegetation in the subject land
(map b)
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Figure 3-3 Distribution of Plant Community Types and other vegetation in the subject land
(map c)
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Figure 3-3 Distribution of Plant Community Types and other vegetation in the subject land
(map d)
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Figure 3-3 Distribution of Plant Community Types and other vegetation in the subject land
(map e)
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Justification for assigning Plant Community Types

The identification of PCTs in the subject lands was based on:

Previous regional mapping as an equivalent vegetation type

Landscape position

Characteristic tree species present

Structure and species composition consistent with descriptions in VIS database (DPIE (EES)
2020b) and other published references such as OEH (2016).

Quantitative analysis of the vegetation quadrat data was carried out to test the justifications for
assigning PCTs. The vegetation data was compared with the lists of positive diagnostic species for
the vegetation communities mapped in the subject land, as specified in OEH (2016). The
vegetation data analyses are listed in Table 3.4.

For each vegetation community, the minimum number of positive diagnostic species expected to
be recorded in a sample site has been calculated (OEH, 2016). The presence of the minimum
number of positive diagnostic species in a sample site is strong evidence that the sample belongs
to the vegetation community. It is necessary for identification using this method that the total
number of native species recorded in the sample site exceeds a specified minimum. Species-poor
sites cannot be tested (OEH, 2016).

For quadrats where either the minimum number of native species for the mapped PCT or the
minimum number of positive diagnostic species for any PCT are recorded, the cell containing the
relevant value is shaded grey in Table 3.4. Low species counts in some quadrats in comparison
with the minimum number of species required for identification of the mapped PCT meant that
some areas of vegetation in the subject land could not be reliably identified using analysis of
positive diagnostic species. Conversely, some quadrats with high species counts met the positive
diagnostic species criteria for multiple PCTs.

Table 3.4 Vegetation data analysis

PCT ‘ 1250 1292 1783 1786 1841 1845

Equivalent OEH (2016) map unit ‘ DSF09 DSF08 DSF11 DSF14 WSF02 WSF06
Minimum native species ‘ 45 Ky 41 42 42 33 39
Minirpum positive diagnostic Ky 10 27 29 31 17 20
species
Mapped Quadrat Number Number of positive diagnostic species
PCT of na_tive
species
1250 BB13 46 27 12 5 10 3 13 11
1292 BB5 30 5 2 3 1 2 7 2
BB7 34 9 3 2 4 1 9 6
1783 P18 34 21 4 18 14 14 4 12
P24 50 35 7 33 33 25 4 17
P25 50 34 9 30 31 20 8 20
A05 32 23 1 19 20 16 6 0
1786 BB14 43 29 3 26 24 24 4 14
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PCT ‘ 1250 1292 1783 1786 1841 1845

Equivalent OEH (2016) map unit ‘ DSF09 DSF08 DSF11 DSF14 WSF02 WSF06

Minimum native species ‘ 45 Ky 41 42 42 33 39
Minimum positive diagnostic Ky 10 27 29 KY| 17 20
species
Mapped Quadrat Number Number of positive diagnostic species
PCT of native
species
P20 46 29 11 15 22 10 9 20
AO01 28 11 3 7 8 7 7 8
1824 P19 41 21 1 27 14 25 1 7
P22 27 13 3 19 10 19 2 3
P23 43 24 8 25 15 21 3 6
AO4 25 15 0 18 15 13 4 0
1841 BB19 49 9 5 0 4 0 22 8
BB10 33 7 2 4 4 1 12 0
BB6 26 6 2 1 0 0 10 4
1845 P17 44 19 6 9 16 8 11 16
P26 44 25 9 17 22 12 13 19
N/A (Native A02 37 10 1 6 6 3 11 0
revegetation)
A03 33 10 1 5 7 4 10 0

3.3.1 Vegetation zones

Nine vegetation zones were identified, eight of which align to the native PCTs mapped in the
subject land (Figure 3-4). One vegetation zone comprises revegetation in the Flat Rock Drive
construction support site (BL2), which is not clearly consistent with any PCT. For the purpose of
biodiversity credit calculation, the native revegetation zone has been assigned to PCT 1841, which
is the closest mapped PCT.

Each PCT has only one corresponding vegetation zone, except for PCT 1786 which has two
vegetation zones based on different scores for vegetation integrity.

The vegetation zones and vegetation integrity scores (as determined using the BAM credit
calculator) for each PCT are listed in Table 3.5. All PCTs identified in the subject land had
vegetation integrity scores greater than the threshold score of 20, with most scoring over 50.
Descriptions of each PCT/vegetation zone are provided in Section 3.3.1.1 to Section 3.3.1.5.
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Table 3.5 Vegetation integrity score for each zone

Vegetation Vegetation zone

Plant Community Type (PCT) Vegetation Area

zone code integrity within
score subject
land (ha)
PCTs
1 1250 - Sydney Peppermint - Smooth-barked 82.5 0.20
Moderate/Good Apple - Red Bloodwood shrubby open
forest on slopes of moist sandstone
gullies, eastern Sydney Basin Bioregion
(1250)
2 1292 - Water Gum - Coachwood riparian scrub 67.6 0.88
Moderate/Good along sandstone streams, Sydney Basin
Bioregion (1292)
3 1783 - Red Bloodwood - Scribbly Gum/Old-man 62.9 4.23
Moderate/Good Banksia open forest on sandstone ridges
of northern Sydney and the Central Coast
(1783)
4 1786 - Red Bloodwood - Silvertop Ash - 69.1 1.01
Moderate/Good — Stringybark open forest on ironstone in the
Good Sydney region (1786)
5 1786 - Red Bloodwood - Silvertop Ash - 40.5 0.37
Moderate/Good — Stringybark open forest on ironstone in the
Moderate Sydney region (1786)
6 1824 - Mallee - Banksia - Tea-tree - Hakea heath- | 66.4 6.18
Moderate/Good woodland of the coastal sandstone
plateaus of the Sydney basin (1824)
7 1841 - Smooth-barked Apple - Turpentine - 65.3 1.79
Moderate/Good Blackbutt tall open forest on enriched
sandstone slopes and gullies of the
Sydney region (1841)
8 1845 - Smooth-barked Apple - Red Bloodwood - 78.1 0.39
Moderate/Good Blackbutt tall open forest on shale
sandstone transition soils in eastern
Sydney (1845)
Other vegetation
9 Native N/A — Revegetation (benchmarks for PCT | 37.7 1.29
Revegetation 1841 used to determine vegetation

integrity score)
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Figure 3-4 Vegetation zones (map a)
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Figure 3-4 Vegetation zones (map b)
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Figure 3-4 Vegetation zones (map c)
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Figure 3-4 Vegetation zones (map d)
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Figure 3-4 Vegetation zones (map e)
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3.3.1.1 Sydney Peppermint — Smooth-barked Apple — Red Bloodwood shrubby open forest
on slopes of moist sandstone gullies, eastern Sydney basin bioregion

Vegetation formation: Dry Sclerophyll Forests (Shrubby sub-formation)

Vegetation class: Sydney Coastal Dry Sclerophyll Forests

PCT: 1250

Conservation status: Not listed

Estimate of per cent cleared: 30 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 0.20 hectares

Plots completed in vegetation zone: BB13

Table 3.6 PCT 1250 - Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

87.8 66.5 96.2 82.5

Description: Within the subject land this community occurs on sandy soils influenced by
Hawkesbury Sandstone and alluvium geologies. The community was recorded adjoining the
Wakehurst Parkway, within a steep gully forming the head of a tributary of Manly Creek. The
canopy of the community was generally sparse comprised of Angophora costata (Sydney Red
Gum) and Eucalyptus piperita (Sydney Peppermint) with a diverse range of small trees and shrub
species forming a relatively thick mid-storey. Dominant weed species recorded include
Cinnamomum camphora (Camphor Laurel), Ochna serrulata (Mickey Mouse Plant), Ligustrum
sinense (Small-leaved Privet), Araujia sericea (Moth Vine), Senna pendula var. glabrata (Easter
Cassia), Lantana camara (Lantana) and Asparagus aethiopicus (Ground Asparagus).

The vegetation integrity score for PCT 1250 and the condition scores that determine this are
provided in Table 3.6. The site-specific structure, floristics and condition of the PCT are shown in
Table 3.7.

Table 3.7 PCT 1250 - site-specific structure, floristics and condition
Structure (native species only) Dominant species (native and exotic)
Growth Average Average
form height and cover
height and
range (m) cover
range
(%)
Trees 12.5 25 Angophora costata, Eucalyptus piperita
(8-17) (10-40)
Small 6 45 Banksia serrata (Old-man Banksia), Elaeocarpus reticulatus
trees (2-10) (30-60) (Blueberry Ash), Callicoma serratifolia (Black Wattle),

Ceratopetalum gummiferum (Christmas Bush), Homalanthus
populifolius (Bleeding Heart), Allocasuarina littoralis (Black She-
oak)
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Structure (native species only)

Dominant species (native and exotic)

Growth Average Average
form height and cover
height and
range (m) cover
range
(%)
Shrubs 1.5 25 Banksia marginata, Epacris longiflora, Grevillea linearifolia,
(0.1-3) (20-30) Acacia brownii (Heath Wattle), Pittosporum undulatum (Sweet
Pittosporum), Pteridium esculentum (Bracken), Banksia serrata,
Lambertia formosa (Mountain Devil), Leptospermum trinervium
(Slender Tea-tree)
Ground 0.75 60 Tetratheca thymifolia (Black-eyed Susan), Lomandra longifolia
covers (0-1.5) (30—90) (Spiny-headed Mat-rush), Lepidosperma laterale (Variable
Sword-sedge), Gonocarpus teucrioides (Raspwort), Gahnia
erythrocarpa, Gahnia sieberiana, Sticherus flabellatus (Umbrella
Fern), Platylobium formosum (Handsome Flat-pea), Empodisma
minus (Spreading Rope-rush)
Vines/ 0.15 7.5 Smilax glyciphylla (Sweet Sarsparilla), Billardiera scandens
climbers (5-10) (Appleberry)
and
epiphytes

Source: WSP (2018)
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Plate 1 PCT 1250 Sydney Peppermint — Smooth-barked Apple — Red Bloodwood shrubby
open forest on slopes of moist sandstone gullies, eastern Sydney Basin Bioregion (Photo:
WSP, 2018)

3.3.1.2 Water Gum — Coachwood riparian scrub along sandstone streams, Sydney basin
bioregion

Vegetation formation: Forest Wetlands

Vegetation class: Eastern Riverine Forests

PCT: 1292

Conservation status: Not listed

Estimate of per cent cleared: 10 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 0.88 hectares

Plots completed in vegetation zone: BB05, BB07

Table 3.8 PCT 1292 - Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

78.7 65.8 59.6 67.6

Description: Within the subject land this community occurs on sandy soils derived from sandstone
and alluvium geologies, within or nearby the riparian zone of Burnt Bridge Creek. The canopy was
dominated by Eucalyptus piperita, Eucalyptus robusta (Swamp Mahogany), Eucalyptus pilularis
(Blackbutt), Tristaniopsis laurina (Kanuka), and Angophora costata with a range of rainforest or
riparian small tree or shrub species forming the mid-storey. The vegetation integrity score for PCT
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1292 and the condition scores that determine this are provided in Table 3.8. The site-specific
structure, floristics and condition of the PCT are shown in Table 3.9.

The vegetation adjoining Burnt Bridge Creek comprises regrowth and revegetation of previously
cleared and disturbed areas, as shown in historical aerial photographs (see Section 3.4.1.1).
These areas experience moderate to high levels of disturbance and are intersected by walking
paths and roads as well as rubbish, stormwater debris and erosion of substrates and creek banks.
It is likely that these factors have contributed to the diversity of exotic plant species recorded within
the subject land. However, weed coverage is generally restricted to the mid-storey and
groundcover with only three exotic canopy trees recorded.

Weed species included Celtis sinensis (Chinese Celtis), Cotoneaster glaucophyllus (Glaucous
Cotoneaster), Ligustrum lucidum (Broad-leaved Privet), Ligustrum sinense, Phoenix canariensis
(Canary Island Date), Erythrina x sykesii (Coral Tree), Solanum mauritianum (Wild Tobacco Tree),
Ricinus communis (Castor Oil Plant) and Lantana camara. Vines and ground covers included
Anredera cordifolia (Madeira Vine), Ipsteromoea indica (Blue Morning Glory), Delairea odorata
(Cape lvy) and Asparagus aethiopicus. A variety of herbaceous weeds were present across the
subject land with higher densities of Tradescantia fluminensis (Wandering Jew), Alstroemeria
psittacina (Parrot Lily) and Ehrharta erecta (Panic Veldtgrass).

Table 3.9 PCT 1292 - site-specific structure, floristics and condition

Structure (native species only) Dominant species (native and exotic)

Growth Average Average

form height and cover and
height cover range
range (m) (%)

Trees 12.5 30 Angophora costata, Eucalyptus piperita, Eucalyptus

(10-15) (20-40) robusta, Eucalyptus pilularis
Small 4.5 75 Tristaniopsis laurina, Callicoma serratifolia, Allocasuarina
trees (3-6) (60-90) littoralis, Homalanthus populifolia, Glochidion ferdinandi

(Cheese Tree), Cyathea cooperi (Australian Tree Fern),
Elaeocarpus reticulatus, Ceratopetalum gummiferum,
Pittosporum spp., Leptospermum spp.

Shrubs 3 15 Dodonaea triquetra (Large-leaf Hop-bush), Banksia
(1-5) (10-20) ericifolia (Heath Banksia), Podocarpus spinulosus,
Breynia oblongifolia (Coffee Bush), Hakea salicifolia
(Willow-leaved Hakea)

Ground 0.55 65 Tradescantia fluminensis, Alstroemeria psittacina,
covers (0.1-1.0) (30-100) Histiopteris incisa (Bats Wing Fern), Ehrharta erecta,
Imperata cylindrica (Blady Grass), Dianella caerulea var.
producta, Asparagus aethiopicus, Commelina cyanea,
Gonocarpus teucrioides, Lomandra longifolia,
Calochlaena dubia (Rainbow Fern)

Vines/ 0.55 15 Billardiera scandens, Smilax glyciphylla, Ipomoea indica
climbers (0.1-1.0) (10-20)

and

epiphytes

Source: WSP (2018)
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Plate 2 PCT 1292 Water Gum — Coachwood riparian scrub along sandstone streams, Sydney
Basin Bioregion (Photo: WSP, 2018)

3.3.1.3 Red Bloodwood - scribbly gum/old-man banksia open forest on sandstone ridges
of Northern Sydney and the Central Coast

Vegetation formation: Dry Sclerophyll Forests (shrubby sub-formation)

Vegetation class: Sydney Coastal Dry Sclerophyll Forests

PCT: 1783

Conservation status: Not listed

Estimate of per cent cleared: 30 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 4.23 hectares

Plots completed in vegetation zone: P18, P25, P24, A05

Table 3.10 PCT 1783 — Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

85.9 63.8 45.5 62.9

Description: This community occurred along the Wakehurst Parkway and in Northbridge on dry
sandy soils derived from Hawkesbury Sandstone. Along the Wakehurst Parkway the community is
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subjected to disturbance such as walking paths, edge effects associated with the road and
powerline easements, and minor weed incursions.

The vegetation integrity score for PCT 1783 and the condition scores that determine this are provided
in Table 3.10. The site-specific structure, floristics and condition of the PCT are shown in Table 3.11.

Table 3.11 PCT 1783 - site-specific structure, floristics and condition

Structure (native species only)

Dominant species (native and exotic)

Growth Average Average

form height and cover and
height cover
range (m) range (%)

Trees 13 10 Angophora costata, Corymbia gummifera (Red Bloodwood),
(10-16) (0-20) Eucalyptus haemastoma (Broad-leaved Scribbly Gum)

Small 8 15 Allocasuarina distyla (Scrub She-oak), Allocasuarina littoralis

trees (6-8) (10-20)

Shrubs 2.5 35 Hakea gibbosa (Hairy Hakea), Phebalium squamulosum
(2-3) (30-40) (Scaly Phebalium), Dodonaea triquetra, Banksia ericifolia,

Hakea dactyloides (Finger Hakea)
Ground 0.5 15 Entolasia stricta (Wiry Panic), Lepidosperma laterale,
covers (0.1-1) (0-30) Imperata cylindrica, Lomandra longifolia, Lepyrodia scariosa,
Ochna serrulata, Sida rhombifolia (Paddys Lucerne)

Vines/ - - Nil.

climbers

and

epiphytes

Source: WSP (2018)
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Plate 3 PCT 1783 Red Bloodwood — Scribbly Gum/Old-man Banksia open forest on
sandstone ridges of northern Sydney and the Central Coast (Photo: WSP, 2018)

3.3.1.4 Red Bloodwood - Silvertop ash - stringybark open forest on ironstone in the
Sydney region

Vegetation formation: Dry Sclerophyll Forests (Shrubby sub-formation)
Vegetation class: Sydney Coastal Dry Sclerophyll Forests
PCT: 1786

Conservation status: BC Act: Endangered: Duffys Forest Ecological Community in the Sydney
Basin Bioregion

Estimate of per cent cleared: 71 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition
Extent in the subject land: 1.38 hectares

Plots completed in Moderate/Good — Good vegetation zone: BB14, P20

Table 3.12 PCT 1786 — Condition scores and vegetation integrity score for plots BB14,
P20

Composition condition | Structure condition Function condition Vegetation integrity
score score score score
90.2 80.4 45.4 69.1
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Plots completed in Moderate/Good — Moderate vegetation zone: A01

Table 3.13 PCT 1786 — Condition scores and vegetation integrity score for plots A01

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

44.2 29.6 50.6 40.5

Description: The community within the subject land occurred on sandy soils derived from
sandstone geology and was generally found on the upper slopes supporting a diverse range of
small trees, shrubs and ground covers. This community was recorded from along the Wakehurst
Parkway and subsequently experiences moderate levels of disturbances in the form of walking
paths, edge effects associated with the road and minor weed incursions.

The vegetation in the Moderate/Good — Good vegetation zone consists of an open-forest with
shrubby understorey and a grassy and herbaceous ground layer with a diverse mixture of native
grass, herb, sedge and fern species.

Vegetation in the Moderate/Good — Moderate zone consists of scattered over-mature eucalypts
with a dense mid-storey of Allocasuarina littoralis and a comparatively sparse ground layer
dominated by Allocasuarina leaf litter, with low native groundcover species diversity and no
observable eucalypt recruitment.

The vegetation integrity scores for PCT 1786 and the condition scores that determine this are
provided in Table 3.12 and Table 3.13. The site-specific structure, floristics and condition of the
PCT are shown in Table 3.14.

Table 3.14 PCT 1786 - site-specific structure, floristics and condition

Structure (native species only) Dominant species (native and exotic)

Growth Average Average

form height and cover and
height cover range
range (m) (%)

Trees 16 25 Corymbia gummifera, Eucalyptus haemastoma, Eucalyptus
(10-22) (10-40) sieberi (Silvertop Ash), Eucalyptus capitellata (Brown
Stringybark), Eucalyptus oblonga (Stringybark), Corymbia
maculata (Spotted Gum)

Small 4 30 Allocasuarina littoralis, Banksia serrata, Banksia ericifolia

trees (3-5) (10-60)

Shrubs 1.5 25 Leptospermum trinervium, Persoonia levis (Broad-leaved
(0.5-3) (10-40) Geebung), Banksia spinulosa (Hairpin Banksia), Lomatia

silaifolia (Crinkle Bush), Platysace linearifolia, Acacia
myrtifolia (Red-stemmed Wattle), Grevillea speciosa (Red
Spider Flower), Hakea dactyloides, Leptospermum
arachnoides, Hakea teretifolia (Needlebush), Boronia

pinnata
Ground 0.8 40 Entolasia stricta, Lindsaea linearis (Screw Fern), Dampiera
covers (0.1-1.5) (20-60) stricta (Blue Dampiera), Lomandra obliqua, Lepidosperma

laterale, Xanthosia tridentata (Rock Xanthosia),
Micrantheum ericoides, Dianella caerulea (Blue Flax-lily),
Hovea linearis
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Structure (native species only) Dominant species (native and exotic)

Growth Average Average

form height and cover and
height cover range
range (m) | (%)

Vines/ N/A N/A Billardiera scandens, Cassytha pubescens (Devil's Twine)
climbers

and
epiphytes

Source: WSP (2018)

Plate 4 PCT 1786 Red Bloodwood - Silvertop Ash — Stringybark open forest on ironstone in
the Sydney region (Photo: WSP, 2018)
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3.3.1.5 Mallee — Banksia — Tea-tree — Hakea heath-woodland of the coastal sandstone
plateaus of the Sydney basin

Vegetation formation: Heathlands

Vegetation class: Sydney Coastal Heaths

PCT: 1824

Conservation status: Not listed

Estimate of per cent cleared: 10 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 6.18 hectares

Plots completed in vegetation zone: P19, P22, P23, A04

Table 3.15 PCT 1824 - Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

84.9 64.2 53.9 66.4

Description: Within the subject land this community was associated with wetter areas on sandy
soils derived from sandstone geology. The canopy was generally sparse consisting of Eucalyptus
racemosa (Narrow-leaved Scribbly Gum), Eucalyptus haemastoma and Eucalyptus punctata (Grey
Gum). The shrub cover was predominantly dense with Leptospermum spp, Melaleuca armillaris
and Banksia ericifolia subsp. ericifolia. There are few shrub species and little shrub cover. The
vegetation integrity score for PCT 1824 and the condition scores that determine this are provided
in Table 3.15. The site-specific structure, floristics and condition of the associated vegetation to the
PCT are shown in Table 3.16.

Exotic cover was generally low to moderate which included Andropogon virginicus (Whiskey
Grass), Ehrharta erecta, Cinnamomum camphora, Asparagus aethiopicus, Ochna serrulata,
Nephrolepis cordifolia (Fishbone Fern), Chlorophytum comosum (Spider Plant) and Araujia
sericea.

Table 3.16  PCT 1824 - site-specific structure, floristics and condition

Structure (native species only) Dominant species (native and exotic)

Growth form  Average Average

height and cover and
height cover range
range (m) (%)

Trees 9 30 Eucalyptus racemosa, Eucalyptus haemastoma,
(6-12) (20-40) Banksia serrata, Eucalyptus paniculata (Grey
Ironbark), Eucalyptus pilularis, Eucalyptus punctata,
Syncarpia glomulifera (Turpentine)

Shrub 1 2.5 15 Melaleuca armillaris, Pittosporum undulatum,
(1-4) (10-20) Leptospermum squarrosum, Leptospermum
polygalifolium, Banksia ericifolia sub. ericifolia

Shrub 2 0.75 3 Dodonaea triquetra, Epacris pulchella (Wallum Heath)
(0.5-1) (1-5) and Hakea gibbosa
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Structure (native species only)

Dominant species (native and exotic)

Growth form  Average Average
height and cover and
height cover range
range (m) (%)
Ground 0.55 55 Lomandra longifolia, Dianella caerulea, Commelina
covers (0.1-1) (10-90) cyanea, Actinotus minor (Lesser Flannel Flower),
Imperata cylindrica, Asparagus aethiopicus,
Microlaena stipoides var. stipoides (Weeping Grass),
Ehrharta erecta, Lindsaea linearis, Lepyrodia scariosa,
Andropogon virginicus
Vines/ N/A N/A Nil
climbers and
epiphytes

Source: WSP (2018)

Plate 5 PCT 1824 Mallee — Banksia — Tea-tree — Hakea heath-woodland of the coastal
sandstone plateaus of the Sydney basin (Photo: WSP, 2018)
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3.3.1.6 Smooth-barked Apple — Turpentine — Blackbutt tall open forest on enriched
sandstone slopes and gullies of the Sydney Region

Vegetation formation: Wet Sclerophyll Forest (Shrubby sub-formation)

Vegetation class: North Coast Wet Sclerophyll Forest

PCT: 1841

Conservation status: Not listed

Estimate of per cent cleared: 67 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 1.79 hectares

Plots completed in vegetation zone: BB06, BB10, BB19

Table 3.17 PCT 1841 - Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

69.9 61 65.2 65.3

Description: Within the subject land this community occurs on sandy soils with slight loam
components derived from Hawkesbury Sandstone geology. These areas varied in gradient from
gentle to steep and were typically situated within close proximity to a water course (such as Burnt
Bridge Creek and Flat Rock Creek). Rainforest species such as Pittosporum undulatum,
Pittosporum revolutum, Elaeocarpus reticulatus and Glochidion ferdinandi made up the majority of
the small trees and shrub layer while ferns, grasses and sedges dominated the forest floor.

An occurrence of this community at Artarmon Park and Artarmon Oval comprised a canopy
dominated by Syncarpia glomulifera and Eucalyptus saligna (Sydney Blue Gum). The mid-stratum
was dominated by a distinctive mesic shrub and small tree layer that included species such as
Pittosporum undulatum, Myrsine variabilis, Breynia oblongifolia, Glochidion ferdinandi,
Homalanthus populifolius and in some instances Ceratopetalum gummiferum.

Areas of the community adjoining the drainage line in Flat Rock Reserve have also been subject to
bushland management, and a larger aea to the west of the creek which loosely meets the
description of this community comprises reconstructed native vegetation. This vegetation is
discussed separately in section 3.4.1.1. The occurrence of this community adjoining Burnt Bridge
Creek comprises regrowth and revegetation of previously cleared and disturbed areas, as shown
on historical aerial photographs (see Section 3.4.1.1).

The vegetation integrity score for PCT 1841 and the condition scores that determine this are
provided in Table 3.17. The site-specific structure, floristics and condition of the associated
vegetation to the PCT are shown in Table 3.18.

Within the subject land this community was in moderate to good condition. Across the subject land
dominant weed species included Lantana camara, Ehrharta erecta, Asparagus aethiopicus,
Acetosa sagittata (Rambling Dock), Tradescantia fluminensis, Ligustrum sinense, Ageratina riparia
(Mist Flower) and Ochna serrulata.
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Table 3.18 PCT 1841 - site-specific structure, floristics and condition

Structure (native species only) Dominant species
Growth Average Average
form height and cover and
height range cover range
(m) (%)
Trees 13.5 35 Angophora costata, Syncarpia glomulifera, Eucalyptus
(5-22) (15-55) saligna, Eucalyptus resinifera, Eucalyptus umbra,
Syncarpia glomulifera, Allocasuarina littoralis, Eucalyptus
piperita
Small 4.5 35 Pittosporum undulatum, Elaeocarpus reticulatus,
trees (3-6) (10-60) Glochidion ferdinandi and Syzygium paniculatum
Shrubs 2.75 27.5 Pittosporum revolutum, Pittosporum undulatum,
(0.5-3) (10-45) Dodonaea triquetra, Breynia oblongifolia, Polyscias
sambucifolia (Elderberry Panax)
Ground 1.05 60 Entolasia stricta, Lomandra longifolia, Dianella caerulea,
covers (0.1-2) (20—90) Themeda triandra (Kangaroo Grass), Microlaena stipoides

var. stipoides, Imperata cylindrica, Pteridium esculentum,
Dichondra repens (Kidney Weed), Calochlaena dubia,
Lepidosperma laterale

Vines/ N/A N/A Cissus hypoglauca (Giant Water Vine), Smilax glycinoides
climbers (Sweet Sarsaparilla), Eustrephus latifolia (Wombat Berry)
and

epiphytes

Source: WSP (2018)
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Plate 6 PCT 1841 Smooth-barked Apple — Turpentine — Blackbutt tall open forest on
enriched sandstone slopes and gullies of the Sydney region — Artarmon (Photo: WSP, 2018)

3.3.1.7 Smooth-barked Apple — Red Bloodwood — Blackbutt tall open forest on shale
sandstone transition soils in eastern Sydney

Vegetation formation: Wet Sclerophyll Forests (Grassy sub-formation)

Vegetation class: Northern Hinterland Wet Sclerophyll Forests

PCT: 1845

Conservation status: Not listed

Estimate of per cent cleared: 92 per cent cleared in the Sydney Metropolitan CMA area
Condition: Moderate/Good condition

Extent in the subject land: 0.39 hectares

Plots completed in vegetation zone: P17, P26

Table 3.19  PCT 1845 — Condition scores and vegetation integrity score

Composition condition | Structure condition Function condition Vegetation integrity

score score score score

90.7 78.1 67.4 78.1

Description: The community within the subject land occurred on sandy soils derived from
sandstone geology and was generally found on the upper slopes supporting a diverse range of
small trees, shrubs and ground covers. This community was recorded from the roadside areas in
the northern part of the Wakehurst Parkway section of the subject land, and subsequently
experiences moderate levels of disturbances in the form of walking paths, edge effects associated
with the road and minor weed incursions. The community comprises a canopy dominated by
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eucalypts with a dense midlayer of Allocasuarina littoralis and a ground layer dominated by
graminoids and ferns. Within the subject land this community was in moderate to good condition.

The vegetation integrity score for PCT 1845 and the condition scores that determine this are
provided in Table 3.19. The site-specific structure, floristics and condition of the PCT are shown in
Table 3.20.

Table 3.20 PCT 1845 - site-specific structure, floristics and condition

Structure (native species only) Dominant species (native and exotic)

Growth Average Average

form height and cover and
height cover
range (m) range (%)

Trees 8 20 Eucalyptus sieberi, Eucalyptus haemastoma, Corymbia
(6-10) (0—40) gummifera, Eucalyptus capitellata

Small 3 (2-4) 45 Allocasuarina littoralis, Banksia serrata

trees (10-80)

Shrubs 1.5 10.5 Persoonia levis, Lambertia formosa, Boronia pinnata, Hakea
(1-2) (1-20) dactyloides, Lasiopetalum ferrugineum, Petrophile pulchella,

Hakea gibbosa, Hakea sericea, Banksia spinulosa
Ground 0.8 35 Lepidosperma laterale, Lomandra obliqua, Xanthorrhoea
covers (0.1-1.5) (10-60) media, Billardiera scandens, Entolasia stricta, Dampiera

stricta, Lindsaea linearis, Lomandra obliqua

Vines/ N/A N/A Billardiera scandens, Cassytha pubescens
climbers
and
epiphytes

Source: WSP (2018)
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Plate 7 PCT 1845 Smooth-barked Apple — Red Bloodwood — Blackbutt tall open forest on
shale sandstone transition soils in eastern Sydney (Photo: WSP, 2018)

3.4 Other vegetation types

A total of 6.77 hectares of vegetation that is not consistent with the definition of any PCT was
mapped and described by WSP (refer to Figure 3-3) within the subject land, comprising:

¢ 1.29 hectares of native revegetation
¢ 0.36 hectares of native plantings

¢ 4.89 hectares of urban exotic/native
¢ 0.23 hectares of weeds and exotics.

Vegetation descriptions have been taken from WSP (2018), with some minor amendments.

3.4.1.1 Native revegetation

The Flat Rock Drive construction support site (BL2) is located within Flat Rock Reserve, a council
reserve containing native revegetation. Flat Rock Reserve supported a municipal waste landfill site
until 1985. The site was capped with clay in 1998 and has since been progressively revegetated.
The historical disturbance and subsequent revegetation of this area can be seen on historical
aerial photographs, as shown on Figure 3-5.

Flat Rock Reserve now supports about 14 hectares of bushland, all of which is subject to long-term
bushland management. The Draft Flat Rock Gully Reserve Action Plan (Willoughby City Council,
2018) identifies three native vegetation types as occurring in the reserve: Coastal Sandstone
Foreshores Forest (equivalent to PCT 1778), Coastal Enriched Sandstone Moist Forest (equivalent
to PCT 1841) and Hornsby Enriched Sandstone Exposed Woodland (equivalent to PCT 1782).
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The Flat Rock Drive construction support site (BL2) contains mature native revegetation, with local
native tree species including Angophora costata, Corymbia maculata, Eucalyptus pilularis and
Syncarpia glomulifera frequently observed. The midstorey contained numerous mature small trees
and tall shrubs including Pittosporum undulatum, Glochidion ferdinandi, Elaeocarpus reticulatus,
Tristaniopsis laurina, Acacia linifolia and Banksia spinulosa. The southern part of the site includes
a large area of cleared, mown exotic grassland.

The vegetation on the Flat Rock Drive construction support site (BL2) does not clearly fit the
description of any PCTs known to occur the locality. The soils of this site have been imported, and
a range of local native species have been planted. As such, the vegetation in the subject land has
been assigned to the adjoining PCT Smooth-barked Apple — Turpentine — Blackbutt tall open forest
on enriched sandstone slopes and gullies of the Sydney Region (PCT 1841) for the purpose of
assessment using the BAM credit calculator. PCT 1841 has previously been identified as occurring
nearby in Flat Rock Reserve (Willoughby City Council, 2018), occupies a similar landscape
position and the characteristic canopy and understorey species of this PCT are present within the
vegetation zone.

The vegetation integrity score for the native revegetation vegetation zone, as calculated against
the benchmarks for PCT 1841, and the condition scores that determine this are provided in Table
3.21.

Table 3.21 Native revegetation — Condition scores and vegetation integrity score (based
on PCT 1841 benchmarks)

Composition condition @ Structure condition Function condition Vegetation integrity
score score score score

60.6 15.1 58.9 37.7
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Figure 3-5 Historical aerial photographs of the subject land at Flat Rock Reserve and Burnt Bridge Creek
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3.4.1.2 Native plantings

This vegetation association occurs within highly disturbed areas which have been subject to
landscaping following development of infrastructure (eg roads, rail, and electricity easements),
recreational facilities (eg sports fields, walking tracks), parking areas as well as residential and
commercial areas. These landscaped areas have commonly been planted out with native species
using horticultural specimens with unknown genetic origins.

Native plantings include a range of hardy native species such as Eucalypts, Grevilleas, Acacias,
Callistemons, Breynia oblongifolia, Bursaria spinosa (Blackthorn), Kunzea ambigua (Tick Bush),
Banksias and Hakeas.

3.4.1.3 Urban exotic/native

This vegetation occurs as highly modified landscaped vegetation in gardens, parks and road
verges within the subject land. These areas generally contain planted native and exotic
horticultural specimens or isolated remnant trees. This vegetation association has been previously
mapped within the subject land (OEH, 2016).

Species recorded within this vegetation type include Casuarina glauca (Swamp Oak), Grevillea
species, Callistemon species, Murraya paniculata (Murraya), Eucalyptus microcorys (Tallowwood),
Nerium oleander (Oleander), Acacia podalyriifolia (Queensland Silver Wattle) and Lophostemon
confertus (Brush Box).

3.4.1.4 Weeds and exotics

This vegetation type generally occurs as exotic grasslands or dense thickets of woody weeds
within parks and road verges. This vegetation type has been previously mapped within the subject
land (OEH, 2016).

These areas are generally dominated by exotic perennial grasses (eg Pennisetum clandestinum
(Kikuyu), Ehrharta erecta, Axonopus fissifolius (Narrow-leaved Carpet Grass), exotic herbs (eg
Plantago lanceolata (Lamb’s Tongues), Hypochaeris radicata (Catsear), Trifolium spp. (Clover)
and woody exotic shrubs (eg Lantana camara, Ligustrum spp. (Privet)). A small number of native
groundcover species (eg Microlaena stipoides var. stipoides, Dichondra repens) are also found in
this vegetation type. However, these species occur in low densities. The occasional remnant or
planted trees also occur as scattered individuals.

3.5 Threatened ecological communities

A search of the Threatened Biodiversity Data Collection identified 20 TECs listed under the BC Act
as known or likely to occur within the Sydney Basin — Pittwater IBRA subregion.

A search of the Department of the Agriculture, Water and the Environment (DAWE) EPBC
Protected Matters Search Tool on 3 April 2020 identified 12 TECs listed under the EPBC Act that
are known or likely to occur within 10 kilometres of the subject land. The TECs identified in each
database search and their potential to occur in the subject land are listed in Annexure A.

One TEC listed as Endangered under the BC Act was identified in the subject land: Duffys Forest
Ecological Community in the Sydney Basin Bioregion. Another TEC listed as Endangered under
the BC Act, Coastal Upland Swamp in the Sydney Basin Bioregion, has been mapped near the
alignment by OEH (2016). These TECs are described in further detail below.

Two TECs were considered to have potential to occur within the subject land at Artarmon
Park/Oval:

e Sydney Turpentine-lronbark Forest — listed as Endangered under the BC Act and Critically
Endangered under the EPBC Act

e Blue Gum High Forest in the Sydney Basin Bioregion — listed as Critically Endangered under the
BC Act and EPBC Act.
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As part of the Artarmon Park Plan of Management, Willoughby City Council identified the potential
occurrence of Blue Gum High Forest in the Sydney Basin Bioregion in this location (lan Perkins
Consultancy Services, 1996). WSP (2018) conducted a comprehensive investigation of this area,
including detailed plot and transect survey (BB19, BB21), analysis of historic aerial photos, a
review of geology and soil landscape mapping and detailed analysis and comparison of plot data to
Blue Gum High Forest in the Sydney Basin Bioregion (PCT 1237) and Sydney Turpentine-lronbark
Forest (PCT 1281).

It was concluded, based on the recorded plot data and geological site setting, that this vegetation
is consistent with PCT 1841 as described by OEH (2016). The presence of enriched clay material
with Hawkesbury Sandstone geology is consistent with this community description and is
consistent with historic accounts of this vegetation type within the lower elevated areas of Artarmon
that exhibit sandstone rock outcropping (Benson and Howell, 1990). It was concluded that this
vegetation does not fall within the definition of either the Sydney Turpentine-lronbark Forest or
Blue Gum High Forest in the Sydney Basin Bioregion TECs (WSP, 2018).

3.5.1 Duffys Forest Ecological Community in the Sydney Basin Bioregion

Duffys Forest Ecological Community in the Sydney Basin Bioregion (Duffys Forest TEC) is listed
as Endangered under the BC Act. This community corresponds with the PCT 1786/ME98/Red
Bloodwood — Silvertop Ash — Stringybark open forest on ironstone in the Sydney region, which was
recorded in and adjoining the subject land along the Wakehurst Parkway between Judith Street
and Warringah Road (Figure 3-6).

Duffys Forest TEC is an open forest or woodland community that is situated on ridgetops,
plateaus, upper slopes and mid slopes in association with shale lenses and lateritic soils in
Hawkesbury Sandstone. The community is known to occur in the Ku-ring-gai, Hornsby and
Northern Beaches (formerly Warringah, Pittwater and Manly) local government areas (OEH,

2017b).

A comparison of the vegetation mapped as PCT 1786 in the subject land with the relevant
paragraphs of the final determination for Duffys Forest TEC was carried out (Table 3.22).

Table 3.22

determination

Final
determination

identification
attributes

Final determination paragraph
extract

Comparison of areas mapped as PCT 1786 in the subject land with final

Comparison with areas mapped as Duffys
Forest TEC

Bioregion Sydney Basin bioregion The subject land is within the Sydney Basin
Bioregion
Location Paragraph 2. The Duffys Forest Part of the subject land is within the Northern
Ecological Community has been Beaches local government area, in an area
reported from the Warringah, that was formerly the Warringah local
Pittwater, Ku-ring-gai, Hornsby and government area.
Manly local government areas,
although it may occur elsewhere in the
Sydney Basin Bioregion.
Floristic Paragraph 3. Duffys Forest Ecological | In the three quadrats sampling this
composition Community is characterised by the community, the following numbers of listed

following assemblage of vascular
plant species: 73 species listed.

characteristic species were recorded:
BB14: 32 species

P20: 28 species

A01: 14 species
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Final
determination

identification
attributes

Final determination paragraph
extract

Paragraph 5. Smith and Smith (2000)
give a list of diagnostic plant species
for Duffys Forest Ecological
Community and describe how the
community can be distinguished from
surrounding ecological communities.
Diagnostic species provide a guide to
identification of the community, but
care should be taken in the application
and interpretation of diagnostic plant
species because of sampling
limitations; the reduction in species
diversity in degraded sites; and the
fact that some species may only be
present at a site at sometimes as a
part of the soil seedbank or as
dormant buds/tubers.

Comparison with areas mapped as Duffys
Forest TEC

The species list provided by Smith and Smith
(2000) was not informative when reviewed
against the vegetation data collected in the
subject land, due to low native species
counts in the vegetation plots. Between 0
and 5 diagnostic species for Duffys Forest
TEC were recorded in each of the three
quadrats sampling mapped areas of this
community. It is noted that only one
diagnostic species for the similar vegetation
types for which Smith and Smith (2000) lists
diagnostic species was recorded in the same
quadrats.

Characteristic
tree species

Not specifically described; however,
the following eucalypt species are
included in the list of characteristic
species in Paragraph 3:

Angophora costata

Eucalyptus capitellata

Eucalyptus (Corymbia) gummifera
Eucalyptus haemastoma
Eucalyptus sieberi

One or more of the listed characteristic
eucalypt species were recorded in each
quadrat sampling this community:

BB14: Corymbia gummifera, Eucalyptus
capitellata

P20: Angophora costata, Corymbia
gummifera, Eucalyptus sieberi

AO01: Eucalyptus capitellata, Eucalyptus
sieberi

Structure Paragraph 2: It has the structural form | The native vegetation in the subject land
predominantly of open-forest to generally has the structural form of open-
woodland. forest.

Soils and Paragraph 2: occurs on the ridgetops, | The subject land includes areas on the

landscape plateaus, upper slopes and ridgetops, plateaus, upper slopes and

position occasionally mid slopes on midslopes on Hawkesbury geology.
Hawkesbury Sandstone geology, Some areas within the subject land are on
typically in association with laterite laterite soils, with lateritic gravel observed at
soils and soils derived from shale and | the surface within mapped locations of the
laminite lenses. community.

Vegetation Paragraph 7 lists a number of Smith and Smith (2000) describe and map

mapping vegetation mapping reports and Duffys Forest TEC vegetation adjoining

species recovery plans, including
Smith and Smith (2000). All are dated
between 1985 and 2000.

Seaforth Oval and along the southern side of
Aquatic Drive on both sides of the Wakehurst
Parkway.

The vegetation mapped as PCT 1786 within the subject land meets the criteria in the final
determination for Duffys Forest TEC for location, soils and landscape position, and structure, and
most of the mapped patches were also mapped by sources referenced in Paragraph 7 of the final
determination. The vegetation contains listed characteristic species for the Duffys Forest TEC,
including characteristic tree species. Analysis of the floristic composition of the community using
diagnostic species, both with the Smith and Smith (2000) methodology and the OEH (2016) list of
positive diagnostic species, was inconclusive, even in quadrats with high native species counts
and sampling good quality vegetation that has previously been mapped as Duffys Forest TEC in

multiple studies.
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On balance, the vegetation within the subject land mapped as PCT 1786 is considered consistent
with Duffys Forest TEC as listed under the BC Act.

3.5.2 Coastal Upland Swamp in the Sydney Basin Bioregion

Coastal Upland Swamp in the Sydney Basin Bioregion is listed as Endangered under the BC Act
and the EPBC Act. This TEC was not mapped or identified within the subject land. However, the
TEC has been mapped near the subject land by OEH (2016), with the closest mapped area around
30 metres to the east of the subject land near the Wakehurst Parkway.

The areas mapped by OEH (2016) as Coastal Upland Damp Heath Swamp (map unit S_FrWo01)
that are within 500 metres of the subject land were reviewed using aerial photography, and some
areas were ground truthed during site inspections.

The area of Coastal Upland Swamp mapped by OEH (2016) located around 30 metres east of the
subject land was inspected by WSP and Arcadis on 23 March 2018. The vegetation in this location
was observed to consist of heathy woodland and dense stands of Allocasuarina littoralis, and is not
consistent with Coastal Upland Swamp.

The area of Coastal Upland Swamp mapped by OEH (2016) to the north of Bantry Bay Oval, about
135 metres south-east of the subject land, was inspected by Arcadis on 19 June 2019. A drainage
soak extends across this area, draining northwards into to the large dam to the north of the
mapped patch. Most of the mapped patch consists of heathy woodland, some of which includes
eucalypt cover, and boggy areas with a canopy of mesic species such as Cyathea spp. (Tree
Ferns) and Glochidion ferdinandii (Cheese Tree), and dense ground cover dominance by the
weedy non-local native fern Nephrolepis cordifolia (Fishbone Fern). This vegetation is not
consistent with Coastal Upland Swamp.

A small area of vegetation overlapping the south-east of this mapped patch contains some
characteristics of Coastal Upland Swamp, with boggy areas that are likely to be permanently
waterlogged, based on the dominance of sedges and high cover of Gleichenia dicarpa (Pouched
Coral Fern) in the ground layer. This area is devoid of eucalypts but includes scattered tall shrubs
of Banksia ericifolia (Heath-leaved Banksia) and Allocasuarina littoralis (Forest She-oak). This
small area covers around 0.07 hectares and is considered to form part of the Coastal Upland
Swamp TEC for the purposes of this assessment.

Almost all of the Coastal Upland Swamp mapped to the west of the subject land is located within
Garigal National Park and was not inspected for the current assessment. One of the mapped
patches in the north of Garigal Park, to the south of Grattan Crescent, has been partially cleared
for residential development, as shown on the current aerial photograph (Figure 3-6). The closest
mapped patch of Coastal Upland Swamp in Garigal National Park to the subject land is about 95
metres to the west.
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Figure 3-6 Threatened ecological communities (map a)
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Figure 3-6 Threatened ecological communities (map b)
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3.6 Threatened species

A number of threatened flora and fauna species were predicted to occur in the subject land, based
on review of candidate threatened species generated by the BAM credit calculator, and the results
of database searches.

Two threatened flora species and two threatened fauna species were recorded in the subject land
during targeted surveys for the project. An additional seven threatened fauna species were
considered highly likely to occur in the subject land, due to the presence of potential habitat and/or
the species being previously recorded in (or near) the subject land.

Threatened species predicted and known to occur in the subject land are discussed in further detail
below.

3.6.1 Threatened flora species

3.6.1.1 Species credit species

The BAM credit calculator identified 44 candidate threatened flora species credit species. The
geographic distribution and habitat requirements of each species were reviewed, and a total of
19 candidate threatened flora species were confirmed on the basis of presence of suitable
potential habitat (Table 3.23).

Justification for the likelihood of occurrence determined for each species is provided in Annexure A
of this report.

Table 3.23 Candidate threatened flora species

Scientific name Common name BC Act EPBC Act Sensitivity Biodiversity
status*  status* to gain risk
class* weighting®

Acacia bynoeana Bynoe's Wattle E Vv High 2
Acacia terminalis subsp. Sunshine Wattle E E Moderate 2
terminalis
Callistemon linearifolius Netted Bottle \Y, - High 2

Brush
Epacris purpurascens - \% - Moderate 1.5
var. purpurascens
Eucalyptus camfieldii Camfield's \Y, \% High 2

Stringybark
Genoplesium baueri Bauer's Midge E E Moderate 3

Orchid
Grevillea caleyi Caley's Grevillea | CE E High 3
Haloragodendron lucasii | - E E Very High 3
Hibbertia puberula - E - High 2
Lasiopetalum joyceae - \% \% High 2
Leptospermum deanei - \% \% Moderate 1.5
Microtis angusii Angus's Onion E E High 2

Orchid
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http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10287
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10875
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10361
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10394
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10451
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10468
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10531

Scientific name Common name BC Act EPBC Act Sensitivity Biodiversity
status*  status* to gain risk
class* weighting®

Persoonia hirsuta Hairy Geebung E High 2
Pimelea curviflora var. - \% High 2
curviflora
Prostanthera junonis Somersby E High 2

Mintbush
Prostanthera marifolia Seaforth CE CE High 3

Mintbush
Rhodamnia rubescens Scrub Turpentine | CE - High 3
Syzygium paniculatum Magenta Lilly E Vv Moderate 2

Pilly
Tetratheca glandulosa - \Y - High 2

*V=Vulnerable, E=Endangered, CE=Critically Endangered
# See section 2.9 for definitions of these terms

3.6.1.2 Species recorded within 1.5 kilometres of the subject land

In addition to the BAM credit calculator outputs (as described in Section 3.6.1.1), the Secretary’s
environmental assessment requirements require assessment of all threatened species recorded
recently (since 1990) within 1.5 kilometres of the subject land.

Thirteen threatened flora species listed under the BC Act have been recorded recently (since
1990) within 1.5 kilometres of the subject land (Table 3.24). Eleven of these 13 species were
identified as potential candidate species by the BAM credit calculator, as listed in Table 3.23. Of
these, all 11 were confirmed as candidate species on the basis of a moderate to high likelihood of
occurrence (see Annexure A for justification of likelihood of occurrence of each species). These
species were subject to targeted seasonal surveys in accordance with the BAM.

The two additional threatened flora species recorded within 1.5 kilometres of the subject land, that
were not identified by the BAM calculator, are Eucalyptus nicholii and Hibbertia superans.
Eucalyptus nicholii has a moderate likelihood of occurrence, but only as a planted non-local native
species. Hibbertia superans is considered to have a low likelihood of occurrence within or near the
subject land, based on the known distribution and habitat requirements of these species.

Table 3.24 Threatened flora species recorded within 1.5 kilometres of the subject land since
1990 (DPIE (EES) 2020a)

Scientific name Common name BC Act EPBC Identified by Likelihood Candidate

status* Act BAM credit  of species
status* | calculator occurrence

Acacia terminalis | Sunshine Wattle | E E Yes Moderate Yes

subsp. terminalis

Callistemon Netted Bottle \% Yes Known Yes

linearifolius Brush

Epacris \% Yes Moderate Yes

purpurascens var.

purpurascens

Eucalyptus Camfield’s V V Yes Moderate Yes

camfieldii Stringybark
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http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10595
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10629
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10629
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=20101
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10794
http://www.environment.nsw.gov.au/threatenedspeciesapp/profile.aspx?id=10798

Scientific name Common name | BC Act Identified by Likelihood Candidate
status* BAM credit  of species
calculator occurrence
Eucalyptus Narrow-leaved \% \% No Moderate No
nicholii Black (but only as
Peppermint planted non-
local native)
Hibbertia E No Low No
superans
Microtis angusii Angus’s Onion E E Yes Moderate Yes
Orchid
Pimelea curviflora \ \Y Yes Moderate Yes
var. curviflora
Prostanthera Somersby E E Yes Moderate Yes
junonis Mintbush
Prostanthera Seaforth CE CE Yes Moderate Yes
marifolia Mintbush
Rhodamnia Scrub CE - No Moderate Yes
rubescens Turpentine
Syzygium Magenta Lilly E \Y Yes Known Yes
paniculatum Pilly
Tetratheca \Y Yes High Yes
glandulosa

*V=Vulnerable, E=Endangered, CE=Critically Endangered

There are also records of nine fungi species recorded recently (since 1990) within 1.5 kilometres of
the subject land (Table 3.25). All of these species were also identified as potential candidate

species by the BAM credit calculator. In the region, these fungi species are only known to occur in
the Lane Cove Bushland Park, and all are considered to have a low likelihood of occurrence in the

subject land.

Table 3.25 Threatened fungi species recorded within 1.5 kilometres of the subject land
(Bionet Atlas Database)

Scientific name

BC Act
status*

EPBC
Act

Identified by
BAM credit

Likelihood of
occurrence

Candidate
species

status* calculator

Camarophyllopsis kearneyi E Yes Low No
Hygrocybe anomala var. V Yes Low No
ianthinomarginata

Hygrocybe aurantipes V Yes Low No
Hygrocybe austropratensis E Yes Low No
Hygrocybe collucera E Yes Low No
Hygrocybe griseoramosa E Yes Low No
Hygrocybe lanecovensis E Yes Low No
Hygrocybe reesiae V Yes Low No
Hygrocybe rubronivea V Yes Low No

*V=Vulnerable, E=Endangered

3.6.1.3 Threatened flora species recorded in the subject land

Two threatened flora species listed under the EPBC Act and/or BC Act were recorded within the
subject land by WSP (2018) (refer to Table 3.26 and Figure 3-7).
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Table 3.26 Threatened flora recorded in the subject land

Species EPBC Occurrence in subject land
Act
status®
Callistemon V - Known to occur in the subject land. Species
linearifolius Four planted individuals recorded at Burnt credit
(Netted Bottle Bridge Creek Deviation. species
Brush)
Syzygium E \% Known to occur in the subject land. Species
paniculatum One remnant individual was recorded at the credit
(Magenta Lilly Wakehurst Parkway, 11 planted individuals species
Pilly) recorded at Burnt Bridge Creek Deviation
and two planted individuals at Flat Rock
Creek Reserve.
Of these, the one remnant individual and four
of the planted individuals are located within
or at the edge of the subject land.

*V=Vulnerable, E=Endangered
3.6.1.3.1 Callistemon linearifolius (Netted Bottle Brush)

Callistemon linearifolius is listed as a Vulnerable species under the BC Act.

Four individuals of Callistemon linearifolius were located within landscaped/planted areas with a
mulched understorey. Some specimens had stakes attached to them and appeared to have been
planted in linear rows. This species is commonly grown and cultivated in the horticultural industry.
These planted individuals are not of conservation significance and are not assessed further using
the BAM.

3.6.1.3.2 Syzygium paniculatum (Magenta Lilly Pilly)

Syzygium paniculatum is listed as an Endangered species under the BC Act and as a Vulnerable
species under the EPBC Act.

Eleven individuals of Syzygium paniculatum were recorded at Burnt Bridge Creek Deviation,
located within landscaped/planted areas with a mulched understorey. Some specimens had stakes
attached to them and appeared to have been planted in linear rows. This species is commonly
grown and cultivated in the horticultural industry. These planted individuals are not of conservation
significance and are not assessed further using the BAM.

Two individuals of Syzygium paniculatum were recorded to the east of the subject land at Flat
Rock Reserve. The reserve has been extensively planted, and it is likely that these specimens are
planted. The two individuals are located about 18 metres from the subject land.

One individual of Syzygium paniculatum was recorded next to the Wakehurst Parkway in

PCT 1250. The species is not known to be associated with this vegetation type and it is considered
unlikely to occur naturally at this location. However, there is no evidence that this specimen has
been planted, and it may be of wild provenance. A species polygon was prepared for this record by
applying a 30 metre buffer and clipping to the subject land (Figure 3-8). The species polygon
covers an area of 0.1 hectares. The individual is mapped just outside the subject land, but due to
GPS error it may be located within it, and is therefore assumed to be within the subject land for the
purpose of this assessment.

3.6.1.4 Threatened flora species recorded in surveys near the subject land

Three additional threatened flora species were recorded during surveys conducted by WSP (2018)
in areas close to the subject land (Figure 3-7): Acacia terminalis subsp. terminalis, Tetratheca
glandulosa and Epacris purpurascens var. purpurascens.

An additional threatened species, Prostanthera marifolia, is known to occur in the locality of the
subject land.
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3.6.1.4.1 Acacia terminalis subsp. terminalis (Sunshine Wattle)
Acacia terminalis subsp. terminalis is listed as Endangered under the BC Act and EPBC Act.

Three individuals of Acacia terminalis subsp. terminalis were recorded in a small, isolated patch of
PCT 1786 between the Wakehurst Parkway and Seaforth Oval car park, about 145 metres south of
the subject land. This patch of vegetation is disturbed and subject to ongoing edge effects, weed
incursion, trampling and rubbish dumping. The individuals in this location were also observed to be
in poor health.

Another five individuals of Acacia terminalis subsp. terminalis were recorded by WSP (2018)
around 170 metres west of the subject land, in vegetation along Burnt Bridge Creek.

The Threatened Biodiversity Data Collection (DPIE (EES), 2020c) identifies the PCTs 1250 and
1824 as being associated with Acacia terminalis subsp. terminalis. Although there are numerous
records of the species within 10 kilometres of the subject land on Bionet (DPIE (EES), 2020a) most
are located to the south east of the subject land, in locations closer to the coast. The subject land
is considered likely to be at or near the limit of the known distribution of Acacia terminalis subsp.
terminalis.

3.6.1.4.2 Tetratheca glandulosa

Tetratheca glandulosa is listed as Vulnerable under the BC Act. Three individuals of this species
were recorded by WSP (2018) in bushland to the east of Wakehurst Parkway, around 47 metres
east of the subject land (Figure 3-7).

The species has been recorded frequently within the locality and is associated with vegetation
types (PCTs 1250, 1292, 1786, 1824 and 1845) that have been recorded throughout the subject
land.

3.6.1.4.3 Epacris purpurascens var. purpurascens

Epacris purpurascens var. purpurascens is listed as Vulnerable under the BC Act. This species
was recorded by WSP (2018) to the north of the subject land at Artarmon Park, where it occurs in
several patches. The closest patch is located around 60 metres north of the subject land.

3.6.1.4.4 Prostanthera marifolia

Prostanthera marifolia is listed as Critically Endangered under the BC Act and EPBC Act. The
species is currently only known from the suburb of Seaforth and has a very highly restricted
distribution, with a single population fragmented by urbanisation into three small sites. It occurs in
localised patches within or in close proximity to the endangered Duffys Forest ecological
community (DPIE (EES), 2020d).

The largest population of Prostanthera marifolia, comprising the majority of individuals (referred to
within the final determination for the species as the site that contains 76-83 per cent of the total
population) is located over 600 metres from the subject land. There is another record of one
individual within Garigal National Park, located over 80 metres from the subject land. The third
record of Prostanthera marifolia is within the area surveyed during investigations for the project.
None of the previous records of the species are located within the subject land; the closest record
to the subject land is about 70 metres from the subject land at Wakehurst Parkway.

Targeted surveys recorded a single population of Prostanthera species within Duffys Forest
vegetation in full flower near the Warringah Aquatic Centre in the north eastern portion of the
Wakehurst Parkway section of the subject land. This species was determined to be Prostanthera
denticulata. No other Prostanthera species were recorded during targeted surveys (WSP, 2018).

During targeted surveys near historic Prostanthera marifolia records around Seaforth Oval,
specifically on the western side of the Wakehurst Parkway, it was found that dense stands of
Allocasuarina littoralis have resulted in thick needle leaf litter and sparse to near absent ground
stratum vegetation. Given the naturally acidic nature of Allocasuarina leaf litter, it is likely that the
sparseness of the ground stratum is the result of higher soil acidity due to the dominance of
Allocasuarina littoralis (WSP, 2018). These conditions, combined with increased edge effects and
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disturbance, may have limited the availability of suitable of habitat for Prostanthera marifolia in the
area to the north of Seaforth Oval mapped as Duffys Forest between the Wakehurst Parkway and
the Engravings Trail. Multiple seasonal targeted surveys for Prostanthera marifolia over two
consecutive years in proximity to the previous record and in other areas of potential habitat did not
detect the species. Known reference populations of local Prostanthera spp. were confirmed to be
in flower at the time of the targeted surveys (WSP, 2018).
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map a)
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map b)
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map c¢)
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map d)
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map e)
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Figure 3-7 Threatened species recorded (WSP and Arcadis) (map f)
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Figure 3-8 Threatened species polygons (map a)
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Figure 3-8 Threatened species polygons (map b)
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Figure 3-8 Threatened species polygons (map c)
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3.6.2 Threatened fauna species

3.6.2.1 Species credit species

The BAM credit calculator identified 36 candidate threatened fauna species credit species. The
geographic distribution and habitat requirements of each species were reviewed and a total of
19 candidate threatened fauna species were confirmed (Table 3.27).

Of these 19 candidate threatened fauna species, 11 were recorded or considered highly likely to
occur in the subject land, due to the presence of potential habitat:

¢ Red-crowned Toadlet (Pseudophryne australis)

¢ Large Bent-winged Bat (Miniopterus orianae oceanensis)

o Eastern Pygmy-possum (Cercartetus nanus)

o Little Bent-winged Bat (Miniopterus australis)

o Large-eared Pied Bat (Chalinolobus dwyeri)

o Southern Brown Bandicoot (/Isoodon obesulus obesulus)

¢ Southern Myotis (Myotis macropus)

o White-bellied Sea-Eagle (Haliaeetus leucogaster)

o Powerful Owl (Ninox strenua)

o Grey-headed Flying-fox (Pteropus poliocephalus)

¢ Glossy Black-Cockatoo (Calyptorhynchus lathami).

Of these 11 species, six species are listed as both species credit and ecosystem credit species;
Grey-headed Flying-fox, Powerful Owl, Glossy Black-Cockatoo, White-bellied Sea-Eagle, Little
Bent-winged Bat and Large Bent-winged Bat. Though some of these species have been previously
recorded in the subject land, no suitable breeding habitat, to which species credits would apply,

was identified in the subject land. Accordingly, these six species are listed as ecosystem credit
species in Section 3.6.2.2, and discussed in further detailed in Section 3.6.2.4.

A Grey-headed Flying-fox camp has been identified at a location in the vegetated area between
Balgowlah Road and Burnt Bridge Creek Deviation, about 120 metres from the Kitchener Street
construction support site (BL11).

The extent of the Grey-headed Flying-fox camp is shown in Figure 3-7. Database searches
identified Eastern Pygmy-possum and Large-eared Pied Bat were previously recorded in the
Wakehurst Parkway east construction support site (BL13) in 2018 (DPIE (EES), 2020a).

Red-crowned Toadlet was assumed to be present in this assessment based on recent recordings
of the species in the northern extent of the subject land during surveys for the Northern Beaches
Hospital road upgrade project (SMEC, 2015).

Two threatened species credit fauna species, Southern Brown Bandicoot and Southern Myotis,
were not recorded in the subject land following detailed targeted seasonal surveys. However, it is
likely that these species occur in areas of habitat next to the subject land (such as in Garigal
National Park and Manly Dam Reserve) and may cross the subject land from time to time during
foraging or dispersal activities.

Justification for the likelihood of occurrence determined for each species is provided in Annexure A
of this report.

Marine seabirds, shorebirds and waders are not included in the list of candidate species (as these
species are not assessed under the BAM) and are instead described in Section 3.7.4.
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Table 3.27 Candidate threatened fauna species

Common name Scientific name BC Act Sensitivity Biodiversity
status* to gain risk
class* weighting®

Barking Owl Ninox connivens \% High 2

(breeding habitat)

Large Bent-winged Bat Miniopterus orianae Vv Very high 3

(breeding habitat) oceanensis

Eastern Osprey Pandion cristatus Vv Moderate 1.5

(breeding habitat) (syn. P. haliaetus)

Eastern Pygmy-possum Cercartetus nanus V High 2

Giant Burrowing Frog Heleioporus V Moderate 1.5
australiacus

Glossy Black-Cockatoo Calyptorhynchus V High 2

(breeding habitat) lathami

Green and Golden Bell Litoria aurea E High 2

Frog

Grey-headed Flying-fox Pteropus V High 2

(breeding habitat) poliocephalus

Koala Phascolarctos Vv High 2

(breeding habitat) cinereus

Large-eared Pied Bat Chalinolobus dwyeri | V Very high 3

Little Bent-winged Bat Miniopterus australis | V Very high 3

(breeding habitat)

Little Eagle Hieraaetus V Moderate 1.5

(breeding habitat) morphnoides

Masked Owl Tyto \Y High 2

(breeding habitat) novaehollandiae

Powerful Owl Ninox strenua V High 2

(breeding habitat)

Red-crowned Toadlet Pseudophryne V Moderate 1.5
australis

Southern Brown Isoodon obesulus E High 2

Bandicoot (eastern) obesulus

Southern Myotis Myotis macropus V High 2

Square-tailed Kite Lophoictinia isura V Moderate 1.5

(breeding habitat)

White-bellied Sea-Eagle Haliaeetus V High 2

(breeding habitat) leucogaster

*V=Vulnerable, E=Endangered, CE=Critically Endangered

# See section 2.9 for definitions of these terms
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3.6.2.2 Ecosystem credit species

The BAM credit calculator identified 36 threatened fauna species as predicted ecosystem credit

species. The geographic distribution and habitat requirements of each species were reviewed and
a total of 20 ecosystem credit species were confirmed (Table 3.28).

Five threatened ecosystem credit species were recorded during targeted surveys in or adjacent to

the subject land:

o Grey-headed Flying-fox

Powerful Owl.

Rosenberg’s Goanna
Large Bent-winged Bat
Little Bent-winged Bat

An additional four threatened ecosystem credit species are considered to have a high likelihood of
occurrence due to the presence of potential habitat and/or the species being previously recorded in
(or near) the subject land (DPIE (EES), 2020a):
¢ Glossy Black-Cockatoo
o White-bellied Sea-Eagle
o Eastern Coastal Free-tailed Bat

e Varied Sittella.

These species are discussed in further detailed in Section 3.6.2.4.

Justification for the likelihood of occurrence determined for each species is provided in

Annexure A.

Table 3.28 Predicted threatened ecosystem credit species with potential habitat within the

subject land

Common name

Scientific name

BC Act EPBC
Status* Act
Status*

Sensitivity

to gain
class*

Associated PCTs

Barking Owl Ninox connivens V - High 1250, 1292, 1783,

(foraging habitat) 1786, 1841, 1845

Dusky Artamus \Y - Moderate 1250, 1292, 1783,

Woodswallow cyanopterus 1786, 1824, 1841,
1845

Large Bent-winged | Miniopterus orianae | V - High 1250, 1292, 1783,

Bat oceanensis 1786, 1824, 1841,

(foraging habitat) 1845

Eastern Coastal Micronomus V - High 1250, 1292, 1783,

Free-tailed Bat norfolkensis 1786,1824, 1841,
1845

Eastern Osprey Pandion cristatus V M Moderate 1250, 1783, 1841

(foraging habitat) (syn. P. haliaetus)

Glossy Black- Calyptorhynchus \% - High 1250, 1292, 1783,

Cockatoo lathami 1786

(foraging habitat) 1824, 1841, 1845
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Common name Scientific name BC Act EPBC Sensitivity Associated PCTs
Status* Act to gain
Status* class*
Grey-headed Pteropus \% Vv High 1250, 1292, 1783,
Flying-fox poliocephalus 1786
(foraging habitat) 1824, 1841, 1845
Little Bent-winged Miniopterus V - High 1250, 1292, 1783,
Bat australis 1786, 1824, 1841,
(foraging habitat) 1845
Little Eagle Hieraaetus \% - Moderate 1250, 1292, 1783,
(foraging habitat) morphnoides 1786, 1824, 1841,
1845
Little Lorikeet Glossopsitta pusilla | V - High 1250, 1292, 1783,
1786, 1824, 1841,
1845
Masked Owl Tyto \Y - High 1250, 1292, 1783,
(foraging habitat) novaehollandiae 1786, 1824, 1841,
1845
Powerful Owl Ninox strenua \Y - High 1250, 1292, 1783,
(foraging habitat) 1786, 1841, 1845
Rosenberg’s Varanus rosenbergi | V - High 1250, 1292, 1783,
Goanna 1786, 1824, 1841
Sooty Owl Tyto tenebricosa V - High 1250, 1824
Spotted-Tailed Dasyurus maculatus | V E Moderate 1250, 1292, 1783,
Quoll 1786, 1824, 1841,
1845
Square-tailed Kite Lophoictinia isura V - Moderate 1250, 1292, 1783,
(foraging habitat) 1786, 1824, 1845
Swift Parrot Lathamus discolor E CE Moderate 1250, 1783, 1786,
(foraging habitat) 1824, 1841, 1845
Varied Sittella Daphoenositta \Y - Moderate 1250, 1292, 1783,
chrysoptera 1786, 1824, 1841,
1845
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Common name Scientific name BC Act EPBC Sensitivity Associated PCTs

Status* Act to gain
Status* class®

White-bellied Sea- | Haliaeetus \% - High 1250, 1292, 1783,
Eagle leucogaster 1786, 1824
(foraging habitat)

Yellow-bellied Saccolaimus \% - High 1250, 1292, 1841,
Sheathtail-bat flaviventris 1845

* V=Vulnerable, E=Endangered, CE=Critically Endangered
# See section 2.9 for definitions of these terms
*V=Vulnerable, E=Endangered, CE=Critically Endangered, M=Migratory

3.6.2.3 Species recorded within 1.5 kilometres of the subject land

In addition to the BAM credit calculator outputs (as described in sections 3.6.2.1 and 3.6.2.2), the
Secretary’s environmental assessment requirements require assessment of all threatened species
recorded recently (since 1990) within 1.5 kilometres of the subject land.

Twenty-seven threatened fauna species listed under the BC Act have been recorded recently
(since 1990) within 1.5 kilometres of the subject land (Table 3.29). One of the species identified,
Loggerhead Turtle (Caretta caretta), is a marine species and has been addressed within Technical
working paper: Marine ecology (Cardno, 2020b) and is not considered further in this report.

Eighteen of the species were identified as candidate species by the BAM credit calculator. Of
these, 12 were confirmed as candidate species on the basis of a moderate to high likelihood of
occurrence (or known occurrence) and, for species listed as both species credit and ecosystem
credit species, the presence of species credit habitat features (see Annexure A for justification of
likelihood of occurrence of each species and notes on presence/absence of breeding habitat
representing species credit habitat in the case of species listed as both species credit and
ecosystem credit species). These species were subject to targeted seasonal surveys in
accordance with the BAM. Species listed as both ecosystem and species credit species were not
considered to be candidate species where breeding habitat was known to be absent.
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Table 3.29 Threatened fauna species recorded within 1.5 kilometres of the subject land (DPIE (EES) 2020a)

Common name Scientific name BC Act EPBC Act Identified by Likelihood of Ecosystem or species Candidate
status* status* BAM credit occurrence credit species species
calculator
Barking Owl Ninox connivens \Y - Yes Moderate Species/Ecosystem No
Black Bittern Ixobrychus flavicollis - Yes Low Ecosystem No
Bush Stone- Burhinus grallarius E - Yes Low Species No
curlew
Large Bent- Miniopterus orianae \% - Yes High Species/Ecosystem No
winged Bat oceanensis
Eastern Osprey Pandion cristatus (syn. |V M Yes Moderate Species/Ecosystem Yes
P. haliaetus)
Eastern Pygmy- Cercartetus nanus \Y - Yes High Species Yes
possum
Glossy Black- Calyptorhynchus V - Yes High Species/Ecosystem Yes
Cockatoo lathami
Greater Broad- Scoteanax rueppellii Vv - Yes Low Ecosystem No
nosed Bat
Grey-headed Pteropus poliocephalus | V Vv Yes Known Species/Ecosystem Yes
Flying-fox
Koala Phascolarctos cinereus | V V Yes Low Species/Ecosystem Yes
Large-eared Pied | Chalinolobus dwyeri V V Yes High Species Yes
Bat
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Common name

Scientific name

BC Act
status*

EPBC Act
status*

Identified by

BAM credit
calculator

Likelihood of
occurrence

Ecosystem or species

credit species

Candidate
species

Little Bent-winged | Miniopterus australis \% - Yes High Species/Ecosystem No

Bat

Little Lorikeet Glossopsitta pusilla \% - Yes Moderate Ecosystem No

Powerful Owl Ninox strenua V - Yes High Species/Ecosystem Yes

Red-crowned Pseudophryne australis | V - Yes High Species Yes

Toadlet

Rosenberg's Varanus rosenbergi \% - Yes Known Ecosystem No

Goanna

Scarlet Robin Petroica boodang \% - Yes Low Ecosystem No

Sooty Owl Tyto tenebricosa - Yes Low-moderate Species/Ecosystem No

Southern Brown Isoodon obesulus E E Yes High Species Yes

Bandicoot obesulus

(eastern)

Southern Myotis Myotis macropus Vv - Yes High Species Yes

Spotted-tailed Dasyurus maculatus Vv E Yes Moderate Ecosystem No

Quoll

Square-tailed Kite | Lophoictinia isura Vv - Yes Moderate Species/Ecosystem Yes

Superb Fruit- Ptilinopus superbus Vv Vv Yes Low Ecosystem No

Dove

Swift Parrot Lathamus discolor E CE Yes Moderate Species/Ecosystem No

Varied Sittella Daphoenositta - Yes High Ecosystem No
chrysoptera

White-bellied Haliaeetus leucogaster | V - Yes High Species/Ecosystem Yes

Sea-Eagle

*V = Vulnerable, E = Endangered, EP + Endangered Population, M = Migratory
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3.6.2.4 Threatened fauna species recorded or highly likely to occur within the subject land

Six threatened fauna species listed under the EPBC Act and/or BC Act were recorded in or near
the subject land by WSP (2018) and Arcadis (refer to Table 3.30 and Figure 3-7). An additional 10
threatened fauna species were assumed or considered highly likely to occur in the subject land,
due to the presence of potential habitat and/or the species being previously recorded in (or near)
the subject land in the past 20 years (as assessed in Annexure A).

Table 3.30
land

Species

EPBC
Act

Occurrence in subject land

Threatened fauna species recorded or highly likely to occur within the subject

(Pseudophryne
australis)

Red-crowned Toadlet

Assumed to be present in areas of
suitable habitat adjoining the
Wakehurst Parkway.

This species was not identified in the
subject land during targeted surveys.
Recent surveys for Red-crowned
Toadlet for the Northern Beaches
Hospital road upgrade project (SMEC,
2015) recorded the species near the
northern extent of the subject land.

Species
credit
species

Eastern Pygmy-possum
(Cercartetus nanus)

High likelihood of occurrence in the
subject land. This species was not
recorded in the subject land during
targeted surveys. However, it has
been recently recorded in the
Wakehurst Parkway east construction
support site (BL13) (DPIE (EES),
2020a).

Species
credit
species

Large-eared Pied Bat
(Chalinolobus dwyeri)

High likelihood of occurrence in the
subject land. This species was not
recorded in the subject land during
targeted surveys. However, it was
recorded 125 metres from the subject
land during targeted surveys by
Arcadis in 2020 as part of this study
and has been recently recorded (WSP
2018) in the Wakehurst Parkway east
construction support site (BL13) (DPIE
(EES), 2020a).

Species
credit
species

Southern Brown
Bandicoot (/soodon
obesulus obesulus)

High likelihood of occurrence in
habitat adjacent to the subject land.
This species was not identified in the
subject land during targeted surveys,
however, the subject land offers
potential foraging habitat.

Species
credit
species

Southern Myotis (Myotis
macropus)

High likelihood of occurrence in
habitat adjacent to the subject land.
This species was not identified in the
subject land during targeted surveys,
however, the subject land offers
potential foraging and roosting habitat.

Species
credit
species
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Species

Occurrence in subject land

Rock Drive construction support site
(BL2). This species has also been
previously recorded in the Wakehurst
Parkway east construction support site
(BL13) (DPIE (EES), 2020a).

Grey-headed Flying-fox Known to occur in the subject land. Ecosystem/
(Pteropus This species was recorded by WSP species
poliocephalus) (2018) flying over a number of credit
locations within the subject land, species
during surveys carried out in 2017. A
Grey-headed Flying-fox camp
(Balgowlah Camp) was identified
about 120 metres from the subject
land.
Powerful Owl (Ninox High likelihood of occurrence in the Ecosystem/
strenua) subject land. This was recorded by species
WSP (2018) at Flat Rock Reserve, credit
next to the subject land, during call species
play-back surveys in 2017. There are
also recent Bionet records of the
species at Manly Dam (2015 and
2017) and in Garigal National Park
(2012 and 2013), near the northern
extent of the subject land (DPIE
(EES), 2020a).
Rosenberg’s Goanna Known to occur in the subject land. Ecosystem/
(Varanus rosenbergi) This species was recorded by WSP species
(2018) in heath-woodland vegetation credit
alongside Wakehurst Parkway in species
2017.
Glossy Black Cockatoo High likelihood of occurrence in the Ecosystem/
(Calyptorhynchus subject land. This species was not species
lathami) recorded in the subject land during credit
targeted surveys. However, it has species
been previously recorded in
Willoughby (2013) (DPIE (EES),
2020a).
Varied Sittella High likelihood of occurrence in the Ecosystem
(Daphoenositta subject land. This species was not credit
chrysoptera) recorded in the subject land during species
targeted surveys. However, it has
previously been recorded in the
subject land by the Gore Hill Freeway
(DPIE (EES), 2020a).
White-bellied Sea-Eagle High likelihood of occurrence in the Ecosystem/
(Haliaeetus subject land. This species was not species
leucogaster) recorded in the subject land during credit
targeted surveys. However, it has species
been previously recorded throughout
Middle Harbour (DPIE (EES), 2020a).
Large Bent-winged Bat High likelihood of occurrence in the Ecosystem/
(Miniopterus orianae subject land. This species was species
oceanensis) recorded by Arcadis (2018) in credit
vegetated habitat adjacent to Flat species
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Species

Occurrence in subject land

Little Bent-winged Bat
(Miniopterus australis)

High likelihood of occurrence in the
subject land. This species was
recorded by Arcadis (2018) in
vegetated habitat adjacent to Flat
Rock Drive construction support site
(BL2). This species has also been
previously recorded in the northern
extent of the subject land, near
Wakehurst Parkway and in the
Wakehurst Parkway east construction
support site (BL13) (DPIE (EES),
2020a).

Ecosystem/
species
credit
species

Eastern Coastal Free-
tailed Bat (Micronomus
norfolkensis)

High likelihood of occurrence in the
subject land. This species was not

recorded in the subject land during
targeted surveys.

Ecosystem/
species
credit
species

Little Penguin
(Eudyptula minor) in the
Manly Point Area

EP

High likelihood of occurrence in the
subject land. This species was not
recorded in the subject land during

Species
credit
species

field surveys for this project. However,
it has previously been recorded at
several locations within the subject
land and surrounding assessment
area, including The Spit, Long Bay,
Sailors Bay and in the main channel of
Middle Harbour (DPIE (EES), 2020a).

*V=Vulnerable, EP=Endangered Population, M=Migratory

3.6.2.4.1 Red-crowned Toadlet (Pseudophryne australis)
The Red-crowned Toadlet is listed as a Vulnerable species under the BC Act.

This species was not identified in the subject land during targeted surveys. Recent surveys for
Red-crowned Toadlet for the Northern Beaches Hospital road upgrade project (SMEC, 2015)
recorded the species in the northern extent of the subject land. Accordingly, this species is
assumed to be present in areas of suitable habitat adjoining the Wakehurst Parkway.

The NSW Survey Guide for Threatened Frogs: A guide for the survey of threatened frogs and their
habitats for the Biodiversity Assessment Method (DPIE (EES), 2020f) outlines the methodology for
the creation of species polygon for Red-crowned Toadlet as follows:

The species polygon boundary should align with aquatic habitats linked directly to the record and a
buffer, incorporating the PCTs with which the species is associated, of 100 metres radius from the
top of bank.

A species polygon was prepared for this species (Figure 3-8) applying this methodology. The
species polygon includes potential habitat in two drainage lines adjacent to the Wakehurst
Parkway which have connectivity to drainage lines with species records both for the Northern
Beaches Hospital road upgrade project and Bionet (DPIE (EES), 2020a). The top of bank on the
drainage lines were estimated to be five metres from the centre line of the drainage line. The 100
metre buffer was applied to the top of bank (five metre buffer on drainage lines). The area of the
species polygon for Red-crowned Toadlet within the subject land is around 0.98 hectares.

Distribution of the Red-crowned Toadlet is confined to the Sydney Basin, from Pokolbin in the
north, the Nowra area to the south, and west to Mount Victoria in the Blue Mountains. The species
is found in open forests, mostly on Hawkesbury and Narrabeen Sandstones, where it periodically
inhabits wet drainage lines below sandstone ridges that often have shale lenses or cappings.
Breeding congregations occur in dense vegetation and debris beside ephemeral creeks and
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gutters, and eggs are laid in moist leaf litter. The Red-crowned Toadlet disperses outside the
breeding period, when it is found under rocks and logs on sandstone ridges and forage among
leaf-litter.

Several unnamed and unmapped ephemeral freshwater streams, which occur near Wakehurst
Parkway between Frenchs Forest and Seaforth, flow in either an east—west direction into Manly
Reservoir or in a west—east direction into Bantry Bay. Within the subject land, these streams
comprise standing pools and riffles with substrate predominantly consists of Hawkesbury
Sandstone bedrock and boulders. These streams are likely to provide sheltering, foraging and
breeding habitat Red-crowned Toadlet. Rocks and logs within adjoining riparian vegetation (mainly
open forest) offers sheltering habitat outside of the breeding period.

3.6.2.4.2 Eastern Pygmy-possum (Cercartetus nanus)
The Eastern Pygmy-possum is listed as a Vulnerable species under the BC Act.

The Eastern Pygmy-possum is found in south-eastern Australia, from southern Queensland to
eastern South Australia and in Tasmania. In NSW, its distribution extends from the coast inland to
the Pilliga, Dubbo, Parkes and Wagga Wagga. In these areas, the species is found in a broad
range of habitats from rainforest through sclerophyll (including Box-Ironbark) forest and woodland
to heath, but in most areas, woodlands and heath. The Eastern Pygmy-possum forages for nectar
and pollen collected from banksias, eucalypts and bottlebrushes; insects and soft fruits are also
eaten when flowers are unavailable. The Eastern Pygmy-possum shelters in tree hollows, rotten
stumps, holes in the ground, abandoned bird-nests, Common Ringtail Possum (Pseudocheirus
peregrinus) dreys or thickets of vegetation (eg Xanthorrhoea sp.). Each individual uses several
nests within its home range; males have home-ranges averaging around 0.68 hectares, but they
have been found with home ranges up to almost 20 hectares (Law, 2013). Females have smaller
home ranges, averaging 0.35 hectares (DPIE (EES), 2020d).

This species was not recorded in the subject land during targeted surveys. However, there are
recent Bionet records of the species in the Wakehurst Parkway east construction support site
(BL13) (in 2018), around 800 metres east of the Wakehurst Parkway (in 2018) and in Manly Dam
Reserve (in 2017 and 2018), which adjoins the northern extent of the subject land (to the east)
(DPIE (EES), 2020a). All PCTs mapped within the subject land next to Wakehurst Parkway offer
potential foraging and sheltering habitat to this species. These vegetated habitats support
preferred foraging resources due to the presence of a variety of banksia, eucalypt and bottlebrush
species. A species polygon was prepared for this species which includes all the associated PCTs
in the subject land next to the Wakehurst Parkway (Figure 3-8). The area of the species polygon
for Eastern Pygmy-possum within the subject land is around 12.38 hectares.

3.6.2.4.3 Large-eared Pied Bat (Chalinolobus dwyeri)
The Large-eared Pied Bat is listed as a Vulnerable species under the BC Act and EPBC Act.

The Large-eared Pied Bat is found mainly in areas with extensive cliffs and caves, from
Rockhampton in Queensland south to Bungonia in the NSW Southern Highlands. It is generally
rare with a very patchy distribution in NSW. It roosts in caves (near their entrances), crevices in
cliffs, old mine workings and in the disused, bottle-shaped mud nests of the Fairy Martin
(Petrochelidon ariel), frequenting low to mid-elevation dry open forest and woodland close to these
features (DPIE (EES), 2020d). Females have been recorded raising young in maternity roosts (c.
20-40 females) from November through to January in roof domes in sandstone caves and
overhangs (DPIE (EES), 2020d), rock escarpments and collapsed cliff lines within small
honeycombed holes in sandstone, the hollowed-out rooves of boulders and long slits in flaking
sheets of sandstone (Lothian, 2019). They show roost fidelity to the same cave over many years.
They are found in well-timbered areas containing gullies (DPIE (EES), 2020d).

The Threatened Biodiversity Data Collection (DPIE (EES), 2020c) defines potential habitat for the
Large-eared Pied Bat as associated PCTs that are within two kilometres of rocky areas containing
caves, overhangs, escarpments, outcrops, or crevices, or within two kilometres of old mines or
tunnels. Rocky features are visible on aerial photography within two kilometres of the subject land
at Wakehurst Parkway and Balgowlah.
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Potential breeding habitat is defined as PCTs associated with the species within 100 metres of
rocky areas containing caves, or overhangs or crevices, cliffs or escarpments, or old mines,
tunnels, culverts, derelict concrete buildings where surveys undertaken in accordance with the
‘Species credit’ threatened bats and their habitats — NSW survey guide for the Biodiversity
Assessment Method (OEH, 2018a) indicate presence of breeding individuals. This species was not
recorded within the subject land during targeted surveys, but its echolocation call was recorded at
a dam approximately 125 metres from the subject land (Figure 3-7). No microbats were caught in
harp traps used to target breeding individuals in potential breeding habitat as defined above. There
are recent Bionet records of the species foraging in the Wakehurst Parkway east construction
support site (BL13) and around 800 metres east of the Wakehurst Parkway in 2018 (DPIE (EES),
2020a).

Rocky features of the subject land and within a 100 metre buffer comprise sandstone boulders,
crevices and ledges. The rocky features of the subject land were inspected during field surveys
carried out for this report and during previous surveys of the area (WSP, 2018) and no evidence of
microbat use was found nor were any deemed suitable for breeding and/or roosting for the Large-
eared Pied Bat.

However, rocky features suitable for breeding were identified within the 100 metre buffer around
the subject land (excluding the subject land) at Wakehurst Parkway (southern end) during targeted
surveys (Figure 3-9). However, no microbats, or signs of their habitation, were observed during
diurnal roost searches. Not all suitable rocky features and the crevices within them could be
accessed and inspected thoroughly. No microbats were recorded in potential roost sites during
acoustic surveys nor were any caught in harp traps to confirm breeding. For the purposes of
serious and irreversible impact assessment, breeding habitat for the Large-eared Pied Bat is
considered present on the subject land if there is (OEH, 2018a):

¢ Potential breeding habitat, and
e Breeding individuals.

Where potential breeding habitat is defined as breeding habitat on or within 100 metres of the
subject land and the area immediately surrounding the feature. Though there is potential
breeding habitat within 100 metres of the subject land (Figure 3-9), surveys undertaken in
accordance with the guidelines failed to detect any breeding individuals. Therefore, breeding
habitat is absent from the subject land, in accordance with the definition above.

A species polygon was prepared for this species (Figure 3-8) following the methods in Table 1 of
‘Species credit’ threatened bats and their habitats — NSW survey guide for the Biodiversity
Assessment Method (OEH, 2018a) which require the identification of foraging habitat.

Table 1 of the guidelines requires these features to be included in the species polygon:

o “All habitat on the subject land where the subject land is within 2km of caves, scarps, cliffs, rock
overhangs and disused mines.”

Where habitat is associated PCTs where the species is determined to be present.
In accordance with Table 1 of the guidelines, the approach to create the species polygon is to:

e “Use high resolution aerial imagery and topographic maps to identify potential roost habitat
features on the subject land when it is within 2km caves, scarps, cliffs etc. Species polygon
boundary should align with PCTs on the subject land to which the species is associated (listed in
the TBDC) that are within 2km of identified potential roost habitat features.”

All PCTs in the subject land are associated with the Large-eared Pied Bat as per the Threatened
Biodiversity Data Collection (DPIE (EES), 2020c). Aerial imagery overlain with topographic
contours within two kilometres of the subject land was investigated for presence of rocky features
using GIS. Rocky features were identified within two kilometres of the PCTs along Wakehurst
Parkway and Burnt Bridge Creek. The northernmost extent of PCTs at Burnt Bridge Creek
Deviation is about 650 metres from the closest potential roosting habitat in Manly Dam Reserve
and the southernmost extent of PCTs about one kilometre from the same features in Manly Dam
Reserve. The rocky feature in Manly Dam Reserve is shown in Figure 3-9, though it should be
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noted that several other rocky features are within two kilometres of the subject land but are not
mapped. The species recorded at Wakehurst Parkway is within two kilometres of PCTs at Burnt
Bridge Creek. Therefore, the PCTs at this location in the subject land have been included in the
species polygon as the species is assumed present at Burnt Bridge Creek. All PCTs mapped
adjacent to Wakehurst Parkway are within two kilometres of potential roosting habitat, with the
closest about 30 metres away as shown in Figure 3-9. As the species has been historically
recorded in the Wakehurst Parkway east construction support site (BL13) and in connected
bushland to the east, all the PCTs adjacent to the Wakehurst Parkway in the subject land are
included in the species polygon. The area of the species polygon for Large-eared Pied Bat is
around 13.68 hectares.
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Figure 3-9 Large-eared Pied Bat rocky features and buffers
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3.6.2.4.4 Southern Brown Bandicoot (Isoodon obesulus obesulus)

The Southern Brown Bandicoot is listed as an Endangered species under the BC Act and EPBC
Act.

The Southern Brown Bandicoot is found in south-eastern NSW, east of the Great Dividing Range
south from the Hawkesbury River, southern coastal Victoria and the Grampian Ranges, south-
eastern South Australia, south-west Western Australia and the northern tip of Queensland.
Southern Brown Bandicoots are generally only found in heath or open forest with a heathy
understorey on sandy or friable soils. They nest during the day in a shallow depression in the
ground covered by leaf litter, grass or other plant material. Nests may be located under Grass
trees (Xanthorrhoea spp.), blackberry bushes and other shrubs, or in rabbit burrows. The upper
surface of the nest may be mixed with earth to waterproof the inside of the nest (DPIE (EES),
2020d).

This species was not identified in the subject land during targeted surveys. However, there are
Bionet records of the species approximately one kilometre north (in 2009) and two kilometres west
(in 2011) of the subject land at Wakehurst Parkway (DPIE (EES), 2020a). The subject land
supports potential habitat for the species in vegetation adjacent to the Wakehurst Parkway. Due to
a lack of detection of the species during targeted surveys, no further assessment of the species is
required and consequently a species polygon has not been prepared.

3.6.2.4.5 Southern Myotis (Myotis macropus)
Southern Myotis is listed as a Vulnerable species under the BC Act.

This species was not identified in the subject land during targeted surveys. However, there is a
recent Bionet record of the species at Manly Dam (in 2018), which adjoins the northern extent of
the subject land (to the east) (DPIE (EES), 2020a).

The Southern Myotis that occurs along the eastern coast of New South Wales and is rarely found
more than 100 kilometres inland. This species is strongly associated with waterways, including
streams, pools, dams and rivers. The Southern Myotis uses its large feet to trawl the surface of
such waterways for aquatic invertebrates and small fish.

This species generally roosts in groups of 10 to 15 individuals close to water, and has been found
roosting caves, mine shafts, hollow-bearing trees, storm water channels, buildings, under bridges
and in dense foliage (DPIE (EES), 2020a). However, roosts have also been found in culverts more
than one kilometre from the nearest permanent waterbody and this species is known to fly over
land to forage at isolated farm dams (Anderson, Law and Tidemann., 2006).

The subject land supports potential marginal roosting habitat for the species, due to the presence
of human made structures such as jetties, wharves along Middle Harbour foreshore, culverts and
bridges. The subject land also contains potential foraging habitat, offered by freshwater
watercourses (refer to Section 3.7.3) and sheltered bays of Middle Harbour. A scientific study
carried out on the distribution and key foraging habitat of the Southern Myotis found the species to
have a moderately high level of activity along small portions of Middle Harbour. Sheltered bays
within and near the subject land (eg Sandy Bay, Shell Cove) that can provide calmer water
surfaces are more suited to the trawling foraging strategy that the bats employ (Gonsalves and
Law, 2017b). Due to a lack of detection of the species during targeted surveys, no further
assessment of the species is required and consequently a species polygon has not been prepared.

3.6.2.4.6 Grey-headed Flying-fox (Pteropus poliocephalus)
The Grey-headed Flying-fox is listed as a Vulnerable species under the BC Act and EPBC Act.

This species was recorded by WSP (2018) flying over a number of locations within the subject
land, during surveys carried out in 2017. In addition, there are a large number of recent Bionet
records of this species throughout the subject land (DPIE (EES), 2020a).

The Grey-headed Flying-fox is generally found within 200 kilometres of the eastern coast of
Australia, from Rockhampton to Melbourne. The species may be found in subtropical and
temperate rainforests, tall sclerophyll forests and woodlands, heaths and swamps, while additional
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foraging is provided by urban gardens and cultivated fruit crops. The Grey-headed Flying-fox is a
highly mobile species with a nightly feeding range of 20 to 50 kilometres from a roosting camp. Diet
typically comprises a wide variety of flowering and fruiting plants (Tidemann, 1995; Churchill,
1998). Grey-headed Flying-foxes roost in large numbers, with up to tens of thousands of Flying-
foxes using individual camps for mating, birth and rearing of young.

A Grey-headed Flying-fox camp (Balgowlah Camp) was identified in the vegetated area between
Balgowlah Road and Burnt Bridge Creek Deviation about 120 metres from the subject land, along
Burnt Bridge Creek in Balgowlah (Figure 3-7). The camp occupies an area of around 0.59 hectares
that comprises occupied and partially occupied roosting habitat (Ecosure, 2016). This camp is not
identified as a nationally important Grey-headed Flying-fox camp (Flying-fox Camp [.D. 529) by
National Flying-fox monitoring viewer (DAWE, 2020c). It has supported up to 10,000 Flying-foxes
in recent years. Another camp (Flying-fox Camp 1.D. 487) is located within Centennial Park, around
eight kilometres south-east of the subject land. It has supported up to 50,000 Flying-foxes in recent
years and is a nationally important Grey-headed Flying-fox camp.

It is likely that the individuals recorded flying over the subject land were from these camps
(although a number of other camps are located within the species’ foraging range) and were
observed flying overhead during their nightly foraging activities. The subject land and wider
assessment area provide foraging habitat for the Grey-headed Flying-fox, given the presence of
preferred blossom and fruit tree species within parks, road verges, private land (eg residential
gardens) and large tracts of contiguous vegetation in Garigal National Park and Manly Dam
Reserve. A number of PCTs within the subject land (refer to Section 3.3) support tree species that
offer a foraging resource for the species, as listed by Ranking the feeding habitats of Grey-headed
Flying-foxes for conservation management (Eby and Law, 2008). These tree species are listed in
Table 3.31.

Table 3.31 Grey-headed Flying-fox feed trees recorded at sites within the subject land

Tree species recorded that are in the blossom Tree species recorded that are in the fruit diet

diet of Grey-headed Flying-foxes of Grey-headed Flying-foxes
e Angophora costata e FElaeocarpus reticularis
e Corymbia gummifera e Pijttosporum undulatum

o Corymbia maculata

e Syncarpia glomulifera
e FEucalyptus saligna

e Eucalyptus resinifera
o FEucalyptus robusta

o FEucalyptus pilularis

o FEucalyptus piperita

o FEucalyptus paniculata
o FEucalyptus punctata

3.6.2.4.7 Powerful Owl (Ninox strenua)
The Powerful Owl is listed as a Vulnerable species under the BC Act.

Powerful Owls were recorded at Hallstrom Park in Willoughby, next to the subject land and
adjacent to the Flat Rock Drive construction support site (BL2) by WSP (2018). There are also
recent Bionet records of the species at Manly Dam (from 2015 and 2017) and in Garigal National
Park (from 2012 and 2013), near the northern extent of the subject land (DPIE (EES), 2020a).

The Powerful Owl is found in the coastal areas and adjacent ranges of eastern Australia from
South Australia to around Rockhampton in Queensland, generally within 200 kilometres from the
coast. Within NSW, Powerful Owls are distributed throughout the length of the Great Dividing
Range and extend from the coast to the western slopes where they occur in much lower numbers.
The Powerful Owl inhabits a wide range of vegetation types including wet and dry forest,
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woodlands, sheltered gullies and particularly along watercourses. The Powerful Owl requires large
areas of habitat but can occur in fragmented landscapes and has been recorded in exotic pine
plantations and large trees in parks and gardens.

The Powerful Owl is the largest predator of nocturnal forest-dwelling animals in Australian forests;
prey species in NSW forests are the Greater Glider (Petauroides volans), Common Ringtail
Possum, Sugar Glider (Petaurus breviceps), Grey-headed Flying-fox and roosting birds, such as
Pied Currawong (Strepera graculina), Australian Magpie (Cracticus tibicen) and Lorikeets. It roosts
by day in dense vegetation such as Syncarpia glomulifera, Allocasuarina littoralis, Acacia
melanoxylon (Blackwood), Angophora floribunda (Rough-barked Apple), Exocarpos cupressiformis
(Cherry Ballart) and a number of eucalypt species.

Powerful Owls nest in a large vertical hollow in a large old tree (at least 150 years old), sometimes
in excess of 25 metres above the ground. These trees are usually found growing on a hillside in
heavy forest and may be used intermittently for several years.

No hollow-bearing trees that would offer potential nesting habitat to Powerful Owls were identified

at Hallstrom Park in Willoughby or Flat Rock Reserve, where the species was recorded. One large
hollow-bearing tree that contained a hollow greater than 20 centimetres in diameter was identified

in the northern extent of the subject land, near Wakehurst Parkway.

This hollow offers potential nesting habitat. However, a stag watch and call play-back carried out at
this location did not identify any owl activity (including indirect evidence such as the presence of
white-wash on trees). Vegetated habitat within subject land, including Flat Rock Reserve where
this species has been recorded, offers potential foraging habitat to the Powerful Owl, as preferred
prey species including Common Ringtail possum, Common Brushtail possum (Trichosurus
vulpecula), Sugar glider and a diversity of birds were recorded in such habitat within the subject
land.

3.6.2.4.8 Rosenberg’s Goanna (Varanus rosenbergi)
Rosenberg’s Goanna is listed as a Vulnerable under the BC Act.

This species was recorded by WSP (2018) in heath-woodland vegetation alongside the Wakehurst
Parkway. However, there is a Bionet records of the species in Manly Dam Reserve, which adjoins
the northern extent of the subject land (to the east) (DPIE (EES), 2020a).

Rosenberg's Goanna occurs in association with sandstone, from Wollemi National Park in the
north to near Cooma in the south. The species is typically found in heath, open forest and
woodland, where it forages for carrion, birds, eggs, reptiles and small mammals. Termite mounds
are a critical nesting habitat component. The species shelters in hollow logs, rock crevices and in
burrows, which they may dig for themselves, or they may use other species' burrows, such as
rabbit warrens. Individuals require large areas of habitat (DPIE (EES), 2020c).

Tracts of native vegetation in the northern extent of the subject land offer potential foraging and
nesting habitat to Rosenberg's Goanna. Heath, open forest and woodland PCTs mapped next to
the Wakehurst Parkway comprise habitat for preferred prey including birds, reptiles and small
mammals, while the presence of sandstone boulders, slabs and rock crevices offer potential
sheltering habitat to the species. Termite mounds recorded near the Wakehurst Parkway offer
preferred nesting habitat to the species. Rosenberg's Goanna may also forage for roadkill (carrion)
along the margins of Wakehurst Parkway, where fauna mortality due to vehicle strike is high. Given
that Rosenberg's Goanna requires a large area of habitat, it may range throughout habitat the
subject land and adjoining vegetated areas, including Garigal National Park and Manly Dam
Reserve.

3.6.2.4.9 Glossy Black-Cockatoo (Calyptorhynchus lathami)
The Glossy Black-Cockatoo is listed as a Vulnerable species under the BC Act.

This species was not recorded in the subject land during targeted surveys. However, there are
Bionet records of the species in Willoughby (2013), near the subject land (DPIE (EES), 2020a).
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Distribution of the Glossy Black-Cockatoo is sparse but widespread across the east coast of
Australia, occurring in suitable habitat from central Queensland to East Gippsland in Victoria. In
NSW, the species occurs from the coast inland to the southern tablelands and central western
plains. An isolated population is known from the Riverina (DPIE (EES), 2020d). Movement of the
species is not well understood. Populations or individuals may be sedentary or locally or partly
nomadic (Higgins, 1999). Glossy Black-Cockatoos occur in coastal woodland or dry eucalypt
forests dominated by Allocasuarina and Casuarina species and are rarely observed away from
Allocasuarina species. The species may also occur in open inland woodlands, forested
watercourses where Allocasuarina species occur or on stony ridges (Higgins, 1999; OEH, 2012).

The Glossy Black-Cockatoo feeds almost exclusively on seeds extracted from the wooden cones
of Allocasuarinas (Higgins, 1999). In coastal areas, Allocasuarina torulosa (Forest Oak) and
Allocasuarina littoralis (DEC, 2004) are preferred. The species primarily forages among the
branches of trees with a preference for mature trees two to ten metres tall. Rarely, the species may
forage in other shrubs or trees, including Acacia, Casuarina, Hakea, Angophora or Eucalyptus
(Higgins, 1999). The species most commonly breeds in a hollow of a tall, living or dead Eucalypt
within woodland. Eucalypts are also preferred roosting trees, typically located less than one
kilometre from feed trees (Higgins, 1999).

Areas of native vegetation within the subject land offer potential foraging habitat to the species,
where preferred foraging trees species (Allocasuarina and Casuarina species) occur. One large
hollow-bearing tree that contained a hollow greater than 20 centimetres in diameter was identified
in the northern extent of the subject land, near the Wakehurst Parkway. This hollow comprised
potential nesting habitat for Glossy Black-Cockatoo. However, no individuals were recorded using
this hollow.

3.6.2.4.10 Varied Sittella (Daphoenositta chrysoptera)
Varied Sittella is listed as a Vulnerable species under the BC Act.

The species was not identified during field surveys however, it has previously been recorded in the
subject land by the Gore Hill Freeway (DPIE (EES), 2020a). The Varied Sittella inhabits most of
mainland Australia except the treeless deserts and open grasslands. It inhabits eucalypt forests
and woodlands, especially rough-barked species and mature smooth-barked gum with dead
branches, mallee and Acacia woodland (DPIE (EES), 2020d). Vegetated habitats, particularly in
the northern extent of the subject land, and within Flat Rock Drive construction support site (BL2),
offer potential foraging habitat to the species.

3.6.2.4.11 White-bellied Sea-Eagle (Haliaeetus leucogaster)

White-bellied Sea-Eagle is listed as a Vulnerable species under the BC Act and a Migratory
species under the EPBC Act.

This species was not recorded in the subject land during targeted surveys. However, there are
Bionet records of the species throughout Middle Harbour, near the subject land and a record from
2013 at the northern end of the Wakehurst Parkway, within the subject land (DPIE (EES), 2020a).

The White-bellied Sea-Eagle is a large eagle that is distributed along the east coast of NSW
(around bays and inlets, beaches, reefs, lagoons, estuaries and mangroves), and along all major
inland rivers, swamps, freshwater lakes and reservoirs. This species hunts above large areas of
open water for fish, freshwater turtles, waterbirds, reptiles, mammals and carrion. White-bellied
Sea-Eagles typically construct a large stick nest in a large emergent eucalypt, within mature tall
open forest, open forest, tall woodland, and swamp sclerophyll forest close to foraging habitat.
However, nests may be built in a variety of sites including bushes, mangroves, cliffs, rocky
outcrops, caves, crevices, on the ground or on artificial structures (DAWE, 2020b). White-bellied
Sea-Eagles may be solitary or live in pairs or small family groups consisting of a pair of adults and
dependent young. Resident pairs are territorial and occupy nesting territories of hundreds of
hectares.

The subject land is not known to support a White-bellied Sea-Eagle nest. The closest known
nesting site is located in Newington Nature Reserve, next to the Parramatta River, about 13
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kilometres west of the subject land. A pair of White-bellied Sea-Eagles currently occupies this nest
(Birdlife, 2018).

The subject land offers foraging habitat to the species, due to the presence of preferred prey
species that inhabit Middle Harbour. The subject land also offers potential perching habitat in the
trees that occur along the foreshore at The Spit, Seaforth and Clontarf.

3.6.2.4.12 Large Bent-winged Bat (Miniopterus orianae oceanensis)
Large Bent-winged Bat is listed as a Vulnerable species under the BC Act.

The Large Bent-winged Bat is a microbat that occurs along the east and north-west coasts of
Australia (DPIE (EES), 2020d) where it is known from a variety of habitats including rainforest, dry
and wet sclerophyll forest, open woodland, paperbark forest and open grassland. The species
hunts for moths and other flying insects above trees canopies or in open areas (DPIE (EES),
2020d).

Large Bent-winged Bats are known to use a number of roost sites throughout the year (Churchill,
1998). Caves are the primary roosting habitat for this species; however, Large Bent-winged Bats
also use derelict mines, storm-water tunnels, buildings and other human made structures (DPIE
(EES), 2020d). The most significant of these roosts are maternity roosts and those roosts used
over winter for hibernation (DEC, 2004).

Female Large Bent-winged Bats inhabit and congregate in specific caves that provide constant
high temperate and humidity to give birth and raise young (Dwyer, 2009). Maternity caves are used
annually in spring and summer for the birth and rearing of young. At other times of the year,
populations disperse within a territorial range of about 300 kilometres from the maternity cave
(Churchill, 2008).

This species was recorded adjacent to Flat Rock Drive construction support site (BL2) during
Anabat surveys. In addition, there are Bionet records of this species along the Wakehurst Parkway,
in the northern extent of the subject land and in the Wakehurst Parkway east construction support
site (BL13) (DPIE (EES), 2020a).

Vegetated habitats, particularly in the northern extent of the subject land and within Flat Rock Drive
construction support site (BL2), offer potential foraging habitat to the species. The subject land
does not support a maternity cave. Culverts and bridges within the subject land offer potential
artificial roosting habitat; however, targeted surveys at concrete culvert at Balgowlah, Artarmon
and a concrete underground walkway at Willoughby did not detect the presence of any roosting
Large Bent-winged Bats.

3.6.2.4.13 Little Bent-winged Bat (Miniopterus australis)
Little Bent-winged Bat is listed as Vulnerable species under the BC Act.

The Little Bent-winged Bat occurs along the east coast and ranges of Australia from Cape York in
Queensland to Wollongong in NSW, where it inhabits moist eucalypt forest, rainforest, vine thicket,
wet and dry sclerophyll forest, Melaleuca swamps, dense coastal forests and banksia scrub. This
species is generally found in well-timbered areas, where it hunts for flying insects (predominantly
beetles, moths and flies) between the shrub and canopy layer (OEH, 2013; Churchill, 2008).

The Little Bent-winged Bat roost in caves, tunnels, tree hollows, abandoned mines, stormwater
drains, culverts, bridges and sometimes buildings during the day. During winter, the species enters
a shallow hibernation, emerging frequently from these roosts to hunt for food. The Little Bent-
winged Bat moves to maternity caves in spring, often with the Large Bent-winged Bat; Little Bent-
winged Bats appear to depend on the congregation of the larger-bodied bats like the Large Bent-
winged Bat to provide the high temperatures needed to rear its young. Males and juveniles
disperse from maternity roosts in summer (OEH, 2013; Churchill, 2008).

This species was recorded adjacent to Flat Rock Drive construction support site (BL2) during
Anabat surveys. In addition, there are Bionet records of this species along Wakehurst Parkway, in
the northern extent of the subject land and in the Wakehurst Parkway east construction support
site (BL13) (DPIE (EES), 2020a).
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Vegetated habitats, particularly in the northern extent of the subject land, and within Flat Rock
Drive construction support site (BL2), offer potential foraging habitat to the species. Culverts and
bridges within the subject land offer potential artificial roosting habitat; however, targeted surveys
at a concrete underground walkway at Willoughby and at concrete culverts at Balgowlah and
Artarmon did not detect the presence of any roosting Little Bent-winged Bats.

3.6.2.4.14 Eastern Coastal Free-tailed Bat (Micronomus norfolkensis)
The Eastern Coastal Free-tailed Bat is listed as a Vulnerable species under the BC Act.

The Eastern Coastal Free-tailed Bat is found east of the Great Dividing Range, from Brisbane in
south-east Queensland to Sydney in NSW, where it is most commonly recorded in dry eucalypt
forest and woodland and shows a preference for open spaces in woodland or forest. The species
has also been recorded in swamp forests and mangrove forests. The Eastern Coastal Free-tailed
Bat forages in openings and gaps in the forest including over larger waterways (Churchill, 2008).
The diet of this species has not been studied but is most probably insectivorous (DPIE (EES),
2020d). The Eastern Coastal Free-tailed Bat roost mainly in tree hollows, usually in hollow spouts
of large mature trees, but will also roost under exfoliating bark or in human made structures and
buildings (DPIE (EES), 2020d; Churchill, 2008).

This species was not recorded in the subject land during targeted surveys. Three hollow-bearing
trees identified near the Wakehurst Parkway and culverts and bridges within the subject land offer
potential roosting habitat to the species. However, targeted Anabat surveys and stag watches at
the large hollow-bearing tree near the Wakehurst Parkway, at concrete culverts at Balgowlah,
Artarmon and a concrete underground walkway at Willoughby did not detect the presence of any
roosting Eastern Coastal Free-tailed Bat. Native vegetation throughout the subject land, particularly
larger continuous tracts of native vegetation in the northern extent of the subject land, offers
potential foraging habitat to the species.

3.6.2.4.15Little Penguin in the Manly Point Area

Little Penguins in the Manly Point Area (from just north of Smedley's Point to Cannae Point), are
listed as an Endangered Population under the BC Act. Little Penguin was not recorded in the
subject land during targeted surveys. However, there are Bionet records of the species in and near
the subject land, including The Spit, Long Bay, Sailors Bay and in the main channel of Middle
Harbour (DPIE (EES), 2020a).

This population at Manly is the only known breeding population of Little Penguins on the mainland
in NSW, where nesting habitat at Manly includes burrows under rocks on the foreshore, under
seaside houses and structures (such as stairs or in wood piles), and under overhanging vegetation
including Lantana camara and under coral tree roots (NPWS, 2000).

From May, male penguins start establishing or reconstructing a suitable burrow for nesting and to
attract females. Egg-laying at Manly has been recorded as early as the first week of June.
However, the peak breeding season is generally from July to December. After the chicks have
hatched (Little Penguins usually lay a clutch of two eggs), adults alternate between remaining in
the nest and foraging, until the chicks have developed enough to be left unguarded during the day,
while both adults forage. The adults return to the nest to feed their chicks at night, until the chicks
leave the nest after seven to nine weeks to mature at sea. It is common for the Little Penguins at
Manly to produce a second clutch of eggs later in the season, after the chicks from the first clutch
have fledged (NPWS, 2000).

Little Penguins forage in shallow waters throughout Sydney Harbour (including Middle Harbour) for
small shoaling fish, cephalopods, and to a lesser extent, crustaceans (NPWS, 2000). Adult
penguins may travel 14 to 20 kilometres a day when foraging and have been recorded at several
locations within the subject land and surrounding assessment area. While the subject land offers
foraging habitat to Little Penguins (marine habitat), nesting habitat at Manly is located about six
kilometres to the east, outside of the assessment area.
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3.7 Fauna habitat

3.7.1 Vegetated habitats

Land use within the subject land is dominated by residential development, and to a lesser extent,
commercial and industrial development. Throughout much of the subject land, native vegetation
has also been removed for infrastructure development such as roads and rail corridors. As a result,
vegetation occurring in developed areas of the subject land is highly modified, commonly
consisting of trees and shrubs in landscaped parks and reserves, private residential gardens and
road verges. Some parks and public open spaces support areas of native bushland. Within the
subject land, small, fragmented areas of vegetated habitats are present at the following locations
as shown in Figure 3-10:

¢ Within and next to the Gore Hill Freeway
¢ Balgowlah Golf Course construction support site (BL10)
¢ Kitchener Street construction support site (BL11).

Fauna species that would inhabit these smaller fragments of habitat would generally be limited to
those highly mobile species which are capable of using small, isolated patches of habitat in a
landscape otherwise cleared of native vegetation, and tolerant of disturbances typical of the urban
environment (such as light and noise pollution). These fragments, containing flowering and fruiting
trees and shrubs, may offer foraging, nesting and roosting habitat to bats, birds and arboreal
mammals, such as Grey-headed Flying-fox, Australian Magpie, Noisy Minor (Manorina
melanocephala), Rainbow Lorikeet (Trichoglossus haematodus), Grey Butcherbird (Cracticus
torquatus), Common Brushtail Possum and Common Ringtail Possum.

Larger tracts of native vegetation occur at Flat Rock Reserve, within and near Flat Rock Drive
construction support site (BL2), and in the northern extent of the subject land, on either side of the
Wakehurst Parkway. Open forest, woodland and heath plant communities are mapped next to the
Wakehurst Parkway (refer to Section 3.3), although woody weeds and other exotic flora species
commonly occur in association with ephemeral watercourses. Vegetation occurring alongside the
western margin of the Wakehurst Parkway is continuous with large areas of native vegetation
within Garigal National Park, while vegetation occurring alongside the eastern margin of the
Wakehurst Parkway is continuous with large areas of native vegetation within Manly Dam Reserve.

Larger tracts of vegetation within and near Flat Rock Drive construction support site (BL2) and on
either side of the Wakehurst Parkway, offer a range of fauna habitat resources, including:

¢ Flowering plants (including a diversity of Eucalypts, Banksias, Melaleucas, Leptospermums and
Acacias) that offer nectar, pollen, sap and gum to mammals such as Grey-headed Flying-fox,
Sugar Gliders and Common Ringtail Possums; nectivorous birds such as Red Wattlebird
(Anthochaera carunculata), Noisy Miner and Rainbow Lorikeet

o The presence of Common Ringtail possum, Common Brushtail possum, Sugar glider and a
diversity of birds offer foraging resources to Powerful Owl

¢ Intact native vegetation offers foraging habitat to a diversity of microbat species, that may forage
above or below the tree canopy for invertebrates

¢ Groundlayer microhabitats such as well-developed leaf litter, logs and ground timber and a
diversity of groundlayer plants that offer sheltering and foraging habitat to reptiles, small
mammals, birds and some amphibians such as Brown Antechinus (Antechinus stuartii), Bush
Rat (Rattus fuscipes), Australian Brush Turkey (Alectura lathami), Rosenberg’s Goanna and
Bibron’s Toadlet (Pseudophryne bibronii) (known to occur in Flat Rock Gully)

¢ Sandstone boulders, crevices and ledges that provide sheltering and foraging habitat for reptiles,
small mammals and some amphibians such as Brown Antechinus, Bush Rat, Rosenberg’s
Goanna and Glebe Gully Skink (Saproscincus spectabilis) (known to occur in Flat Rock Gully)

e Three hollow-bearing trees located near Wakehurst Parkway (two in the subject land and one
outside) that offer potential nesting, roosting and sheltering habitat to hollow-dependent birds,
arboreal mammals such as Rainbow Lorikeet and Common Brushtail Possum and hollow-
roosting microbats.
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Plate 8 Vegetation occurring on slopes Plate 9 Vegetation occurring at Flat Rock
adjoining the Wakehurst Parkway Reserve

Riparian vegetation also offers a diversity of fauna habitat features. Riparian habitat that occurs in
association with watercourses that transect (or are located downstream of) the subject land is
described in Table 3.32 of Section 3.7.3.

3.7.2 Human made structures

A number of built structures, including concrete culverts at Balgowlah, Artarmon and a concrete
underground walkway at Naremburn occur within the subject land. These structures provide
potential habitat for microbats that prefer to roost in human made structures, such as the Little
Bent-winged Bat, Large Bent-winged Bat, Eastern Coastal Free-tailed Bat, Yellow-bellied
Sheathtail-bat and Greater Broad-nosed Bat.

3.7.3 Freshwater habitats

The project transects several waterways: Flat Rock Creek and associated unnamed tributary
(Artarmon and Naremburn), Burnt Bridge Creek (North Balgowlah) and a number of unnamed
watercourses near the Wakehurst Parkway (Killarney Heights to Frenchs Forest). The catchments
of four other waterways fall within the subject land: Willoughby Creek, Manly Creek (also known as
Curl Curl Creek), Manly Dam and Trefoil Creek. These waterways are considered in this BDAR as
they are located downstream of the project and may be indirectly impacted by the project (refer to
Section 5).

These waterways and the freshwater habitat features they support are summarised in Table 3.32.
A detailed description of each waterway is provided in Beaches Link and Gore Hill Freeway
Connection Freshwater Ecology Impact Assessment (Cardno, 2020a) (Annexure D).

Table 3.32 Freshwater habitat, within and downstream of the subject land

Feature Description

Willoughby Creek

Description Located downstream and to the north-east of Cammeray Golf Course construction
support site (BL1), outside of the subject land. Flows in a general easterly direction
from Cammeray Golf Course to Primrose Park, before discharging into Willoughby
Bay at Cammeray (Middle Harbour). Parts of the project would be located within the
Willoughby Creek catchment, which is characterised by residential development,
parkland and a network of local roads. Willoughby Creek receives stormwater from the
greater residential area of Cremorne (North Sydney Council, 2003).

Stream order First order waterway.
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Feature Description

Key Fish Type 3 — minimally sensitive Key Fish Habitat
Habitat Type Class 3 — minimal Key Fish Habitat for fish passage.
and Class

Sensitive No.

receiving

environment

Geomorphology | Entrenched bedrock in the upstream reaches of the survey site, that has been
modified to form a stormwater channel
Concrete-lined channel around 10 metres downstream of the survey point.

General water e Freshwater
quality e Periodically elevated heavy metal concentrations
¢ Elevated nitrogen concentrations
o Low dissolved oxygen.
Condition of Commonly occurring native tree species within remnant riparian vegetation include
riparian Callicoma serratifolia, Ceratopetalum apetalum (Coachwood), Elaeocarpus reticulatus
vegetation and Glochidion ferdinandi. Localised infestations of Ligustrum lucidum and Lantana
camara occur within riparian vegetation (North Sydney Council, 2003). The riparian
corridor is wider on the northern bank (around 70 metres wide), and narrower on
southern bank where it is next to grass playing fields within Primrose Park.
Instream No instream (aquatic of emergent) vegetation or woody debris. Some rocky features
habitat are present. The waterway is substantially shaded by adjacent riparian vegetation.
Photo

Willoughby Creek looking downstream (left) and upstream (right).

Flat Rock Creek

Description Located directly east of, and within Flat Rock Drive construction support site (BL2) and
above the ramp tunnel alignment at Artarmon (from Gore Hill Freeway Connection).
Flows in a south east direction from Artarmon, through Willoughby and towards
Cammeray where it discharges into Long Bay, on the southern side of Middle Harbour.
The natural drainage characteristics of the Flat Rock Creek catchment have been
altered by residential, commercial and industrial development. The creek is
predominantly a concrete-lined (open and closed) stormwater channel draining the
suburbs of Artarmon, Naremburn and Willoughby. The channel travels underground
from between Grandview Drive at Naremburn and Flat Rock Drive at Willoughby and
has low flows during dry weather. Flat Rock Creek at its downstream reach drains a
relatively steep catchment characterised by rocky riffle/runs with low to moderate flow
during dry weather. The Flat Rock Creek catchment is characterised by residential
development, recreational areas and a network of local and arterial roads.
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Feature Description

Stream order

First order waterway.

environment

Key Fish Not at upper reaches (Artarmon)

Habitat Type Lower reaches (where creek is naturalised) are classified as Type 1 — highly sensitive

and Class Key Fish Habitat and variably as Class 1 — major Key Fish Habitat for fish passage
and Class 2 — moderate Key Fish Habitat for fish passage.

Sensitive Not at upper reaches in Artarmon

receiving Lower reaches in Willoughby are considered sensitive receiving environments.

Geomorphology

Variable. At Artarmon, Flat Rock Creek occurs as an artificially reconstructed concrete
lined waterway which flows under the Gore Hill Freeway in Artarmon. In Willoughby
and Northbridge (and downstream of the subject land), Flat Rock Creek occurs as a
natural ephemeral creek consisting of small standing pools and riffles varying in width
(less than one to 10 metres) and depth (zero to greater than 0.5 metres). The
substrate predominantly consists of Hawkesbury Sandstone bedrock and boulders,
mud, detritus and logs.

General water
quality

Freshwater at upper reaches

Estuarine at lower reaches, due to influx of saltwater of Middle Harbour
Elevated heavy metal concentrations

Elevated nutrient concentrations

Microbiological contamination evident.

Condition of
riparian
vegetation

At Artarmon, riparian vegetation consists of mixed native plantings in the canopy shrub
and ground layers, characteristic of locally occurring native riparian communities. At
Northbridge, riparian vegetation occurs along the majority of Flat Rock Creek and
varies in width (zero to greater than 50 metres) and condition. Vegetation consists
predominantly of Urban Exotic/Native vegetation, native revegetation, PCT 1841
Smooth-barked Apple - Turpentine - Blackbutt tall open forest on enriched sandstone
slopes and gullies of the Sydney region, and infestations of weeds and exotics in
areas which are significantly disturbed.

Within the subject land Flat Rock Creek is likely to only to provide marginal quality
habitat suitable for disturbance tolerant species of amphibian, reptile, mammal,
invertebrate and bird. There is a lack of substantial fauna habitat present (ie logs, leaf
litter, rock etc) and water quality is poor as a result of the creeks catchment area.
These are limiting factors which are likely to prevent threatened aquatic species from
occurring.

Instream
habitat

Absent from Artarmon, where Flat Rock Creek consists of an open concrete channel.
In Northbridge (downstream of the subject land), large snags and dense instream,
emergent vegetation is present in some areas.
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Feature Description

Photo

Flat Rock Creek at the upstream site looking upstream (5a) (left) and along the
underground channel (right)

Flat Rock Creek at the downstream site looking upstream (5b) (left) and at the
estuarine site (5c) looking at the right bank (right)

Existing aboveground watercourse within the northern extent of Flat Rock Reserve

Description

An existing aboveground watercourse flows from the northern end of Flat Rock
Reserve in the Flat Rock Drive construction support site (BL2), parallel to Wilksch
Walk and joins Flat Rock Creek at a rock cascade about 50 metres south-west from
the Calbina Road cul de sac. This watercourse drains through a 0.4 metre
underground pipe at the Small Street roundabout (northern extent of the subject land)
but also receives catchment runoff from the escarpment which forms the north-eastern
bank. This escarpment bank is steep, ranging between three and 10 metres along the
tributary and is generally comprised of sandstone. The Wilksch Walk intersects the
watercourse in a number of locations as the following features:

e Boardwalk

e Pipe culverts

e Stepping stones across a spillway.

Stream order

Second order waterway.

environment

Key Fish Not Key Fish Habitat.
Habitat Type

and Class

Sensitive No.

receiving

Geomorphology

The natural channel bed is generally bedrock with a layer of sediment and detritus
colonised by exotic grasses and forbs. Concrete or rock is laid on the channel bed in
sections exposed to higher flow velocities. Channel banks are steep. Watercourse
width ranged between two and 10 metres albeit only some sections were flowing.
Riffles and pools were observed and where there is no flow, the channel bed is soft
and damp.
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Feature Description

General water o Freshwater

quality e Elevated heavy metal concentrations
e Elevated nutrient concentrations.

Condition of Dense native and exotic riparian vegetation occurs along both banks. The escarpment

riparian is well vegetated with a mix of native and exotic woody trees, ferns with a dense

vegetation midstorey and groundcover. The south-western banks that plateau to the Wilksch
Walk track, range between two and four metres and are substantially lower. These
banks are also densely vegetated with a similar vegetation assemblage as the
escarpment. However, the riparian corridor along the south-western side is narrower
due to the constraints of walking track and open space clearings.

Instream Moss, rocks and loose snags occur in some sections. No instream macrophytes were

habitat recorded in the tributary. Where there is no flow, the channel bed is mostly colonised
by exotic grasses and forbs, typically found in riparian corridors in Sydney
metropolitan areas (eg Tradescantia fluminensis, Ehrharta erecta).

Photo
Existing aboveground watercourse within the northern extent of Flat Rock Reserve
looking downstream from the Small Street roundabout culvert
Pool along the Existing aboveground watercourse within the northern extent of Flat
Rock Reserve (left) and Wilksch Walk crossing along the unnamed tributary (right)
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Feature Description

Burnt Bridge Creek

Description

Transects the project at North Balgowlah and is located next to Balgowlah Golf Course
and Kitchener Street construction support sites (BL10 and BL11). Flows to the east,
originating from Seaforth, through bushland and under Burnt Bridge Creek Deviation.
It then flows north-east through Balgowlah Golf Course and a linear tract of bushland
(that supports a Grey-headed Flying-fox camp, as described in Section 3.6.2.4.6),
before it is channelled below Balgowlah Industrial estate via a series of culverts to
Manly Golf Course and ultimately, Manly Lagoon. The Burnt Bridge Creek catchment
supports residential development, Balgowlah Industrial Estate, Balgowlah and Manly
Golf Courses and a network of local and arterial roads such as Burnt Bridge Creek
Deviation.

Stream order

First order waterway.

environment

Key Fish Type 2 — moderately sensitive Key Fish Habitat

Habitat Type Class 2 — moderate Key Fish Habitat for fish passage waterway.
and Class

Sensitive No.

receiving

Geomorphology

The upstream reach of Burnt Bridge Creek (3a) comprises a mostly natural channel
with rocky outcrops and low levels of sedimentation (sandy silt) over bedrock. Modified
stormwater inflows and culvert crossings are present along this reach. The
downstream reach of Burnt Bridge Creek (3b) consists of a wider channel with
modified bedrock and sections of concrete and boulder retaining walls. The Kitchener
Street bridge spans the width of the channel along this reach, where Burnt Bridge
Creek is channelled through two large box culverts.

General water
quality

o Freshwater with stormwater inflows from multiple locations
¢ Low dissolved oxygen

o Elevated heavy metal concentrations

o Elevated nutrient concentrations.

Condition of Riparian vegetation which occurs along the majority of Burnt Bridge Creek varies in

riparian width (zero to 30 metres) and condition. Riparian vegetation consists of PCT 1292 /

vegetation MEOQ35 Water Gum — Coachwood riparian scrub along sandstone streams, Sydney
Basin Bioregion, urban exotic/natives and is infested with weeds and exotics in areas
which are significantly disturbed. Bush regeneration practices along its length within
the subject land have resulted in large areas of exposed ground which often lacks
vegetation cover. Leaf litter within riparian vegetation is variable.

Instream The upstream reach consists of partially connected pools with some exotic instream

habitat vegetation, isolated occurrences of emergent snags and substantial shading from

riparian vegetation. The mid-reach of Burnt Bridge Creek supports disconnected pools
with minimal connectivity with moderate shading from riparian vegetation and small
snags instream at middle reaches. At lower reaches, pools and runs of varying depth
occur, with some instream macrophytes, overhanging native riparian vegetation and
instream shading.

Burnt Bridge Creek is likely to only provide marginal quality habitat suitable for
disturbance tolerant species of amphibian, reptile, mammal, invertebrate and bird.
There is a lack of substantial fauna habitat present (ie logs, leaf litter, rock etc) and
water quality is poor as a result of the catchment area. These are limiting factors which
mean this waterway does not support preferred habitat for threatened aquatic species
such as the Red-crowned Toadlet and Giant Burrowing Frog.
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Feature Description

Photo
Site 3a looking upstream (left) and at site 3b looking upstream (right)
Site 3c looking upstream (left) and at site 3d looking upstream (right)

Manly Creek

Description The headwaters of Manly Creek are located about 300 metres east of the northern
extent of the subject land. Flows in a south easterly direction from the northern end of
Manly Dam Reserve (east of Wakehurst Parkway, in Allambie Heights) to Manly Dam.
From the eastern extent of Manly Dam, Manly Creek flows east through bushland
contained within David Thomas Reserve and through Warringah Golf Club, in a
general eastward direction to Manly Lagoon. The Manly Creek catchment is
characterised by large tracts of bushland contained within Manly Dam Reserve,
residential development, Warringah Golf Club and a network of local and arterial
roads.

Stream order First order waterway.

Key Fish Type 1 — highly sensitive Key Fish Habitat

Habitat Type Class 1 — major Key Fish Habitat for fish passage waterway.

and Class

Sensitive Yes.

receiving

environment

Geomorphology | Substratum of mostly sandstone bedrock, boulders and cobbles. Channel of
connected pools, runs and riffles. Pools appeared to hold some sediment.
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Feature Description

General water
quality

Freshwater
Low dissolved oxygen
Elevated heavy metal concentrations

[ )
[ )
[ )
e Elevated nutrient concentrations.

Condition of Upstream of Manly Dam, Manly Creek flows through a large area of intact native
riparian bushland, contained within Manly Dam Reserve. Sydney Sandstone Gully Forest
vegetation (specifically, Peppermint-Angophora Forest) is mapped as occurring along the banks
of Manly Creek (Warringah Council, 2013). Weeds occur in places along the creek.
Instream At 7b, this waterway is characterised by a series of connected pools, runs and riffles.
habitat The banks were low and large snags and boulders provided potential fish habitat
throughout the surveyed reach.
Photo
Manly Creek(7b) looking upstream (left) and downstream (right)
Manly Dam
Description Manly Dam is located about one kilometre east and downstream of the subject land.

Manly Dam was constructed in 1982, by building a dam wall across Manly Creek, to
provide water to Manly, and over time, neighbouring suburbs of Balgowlah and
Seaforth. Manly Dam is one of the largest artificial freshwater dams in the Sydney
metropolitan area, with a capacity of about 2,000 megalitres. The water level behind
Manly Dam Wall is maintained at 34.1 metres. An artificial wetland is located in the
upper reaches of the dam (Warringah Council, 2013).

Stream order

Not applicable, Manly Dam is not a stream. Manly Creek, which flows into and from
the dam, is a first order stream.

environment

Key Fish Type 1 — highly sensitive major Key Fish Habitat
Habitat Type Class 1 — sensitive Key Fish Habitat for fish passage.
and Class

Sensitive Yes.

receiving

Geomorphology

Lagoon bound by sandstone slopes, rock platforms and gullies.

General water
quality

Freshwater
Seasonally fluctuating dissolved oxygen conditions
Elevated nutrient concentrations.

[ ]
[ ]
]
e Periodically experience elevated heavy metal concentrations.

Condition of
riparian
vegetation

Vegetation mapped along the shores of Manly Dam is dominated by Bloodwood-
Scribbly Gum Woodland and Sandstone Heath, with small patches of highly disturbed
vegetation occurring on the southern shore (Warringah Council, 2013).
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Feature Description

Instream Shallow wetland areas scattered around the dam foreshore support native and exotic

habitat emergent macrophytes, that offer potential habitat for Common Eastern Froglet (Crinia
signifera), Eastern Dwarf Tree Frog (Litoria fallax) and Eastern Banjo Frog
(Limnodynastes dumerilii). Deeper parts of the dam support Eastern Long-necked
Turtle (Chelodina longicollis), Australian Bass (Macquaria novemaculeata) and Silver
Perch (Bidyanus bidyanus) (Warringah Council, 2013).

Photo

Many Dam mid-dam (6b) (left) and at the dam wall (6¢) (right).

Trefoil Creek

Description

The headwaters of Trefoil Creek are located about 300 metres north of the northern
extent of the subject land. This watercourse flows north from Frenchs Forest Road at
Frenchs Forest, crosses underneath the Wakehurst Parkway and discharges into
Middle Creek, which flows into Narrabeen Lagoon to the north-east. The Trefoil Creek
catchment is characterised by residential development and large tracts of bushland.

Stream order

First order.

environment

Key Fish Type 2 — moderately sensitive Key Fish Habitat
Habitat Type Class 3 — minimal Key Fish Habitat for fish passage.
and Class

Sensitive Yes.

receiving

Geomorphology

Narrow, natural channel located within a steep gully
Sandy silt substratum overlaying bedrock with occasional rocky outcrops.

General water
quality

o Freshwater
o Elevated heavy metal concentrations during wet weather
o Elevated nutrient concentrations during wet weather.

Condition of Riparian vegetation comprises dense, overhanging native and exotic vegetation.
riparian

vegetation

Instream Substantial riparian shading over ephemeral and disconnected pools (at the time of
habitat survey).
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Feature Description

Photo

Trefoil Creek along the survey reach (8b).

Unnamed watercourses along the Wakehurst Parkway

Description The headwaters of a number of small, ephemeral watercourses are located within the
subject land, near the Wakehurst Parkway in the northern extent of the subject land.
These watercourses flow in either a west-east direction into Manly Dam or in an east-
west direction into Bantry Bay. Each of these streams before entering Manly Dam or
Bantry Bay flow through high quality remnant native vegetation, contained in Manly
Dam Reserve or Garigal National Park, respectively. The catchments of these
watercourses are characterised by large tracts of bushland and a small number of
local and arterial roads.

Stream order First order.

Key Fish Type 3 — minimally sensitive Key Fish Habitat
Habitat Type Class 3 — minimal Key Fish Habitat for fish passage.
and Class

Sensitive No.

receiving

environment

Geomorphology | Substrate predominantly consists of Hawkesbury Sandstone bedrock and boulders,
mud, detritus and logs.

General water Freshwater. During periods of heavy rainfall, the streams would flow readily and
quality collect stormwater runoff from the surrounding area. Stormwater runoff is likely to
contain fewer pollutants than the other creeks within the subject land given the
surrounding high quality vegetation.

Condition of Riparian vegetation which occurs in association with these streams includes Sydney
riparian Peppermint — Smooth-barked Apple — Red Bloodwood shrubby open forest on slopes
vegetation of moist sandstone gullies. This riparian vegetation offers habitat to locally occurring

amphibian, reptile and mammal species, due to the diversity of fauna habitat features
available, including rocks and logs, well-developed leaf litter and intact native

vegetation.
Instream Standing pools and riffles with an ephemeral flow varying in width (0.5 to two metres)
habitat and depth (0 to 0.5 metres). These watercourses are likely to provide sheltering,

foraging and breeding habitat for numerous species of amphibian, reptile, mammal,
invertebrate and bird including threatened species such as Red-crowned Toadlet and
Giant Burrowing Frog (though low likelihood for this species to occur) given the
presence of substantial fauna habitat (ie logs, leaf litter, rock etc).
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Feature Description

Wakehurst Golf Course dam

Description

Wakehurst Golf Course dam is a freshwater lagoon on the western boundary of the
Wakehurst Golf Club. It is nested within the bushland reserve between Wakehurst
Parkway and Wakehurst Golf Club and is about 100 metres north-east of Wakehurst
Parkway east construction support site (BL13). The Wakehurst Golf Course dam is
about 50 by 20 metres with a two metre levee/bank on the golf course side and an
eight to 10 metre natural escarpment on the reserve side. The dam does not appear to
spill/discharge into any aboveground waterways. It appears to receive water from the
escarpment to the west. Wakehurst Parkway forms a ridge where runoff from the road
is likely to drain to the west to Bantry Bay and to the east to Wakehurst Golf Club.

A vegetated drainage line originates from a 0.4 metre pipe, flowing into the dam down
the escarpment on the western side of the dam. This drainage line is about one metre
wide at the pipe becomes wider towards its approach to the dam. There was little flow
from the pipe and no water reached the dam at the time of inspection.

Stream order

Not relevant - dam is not a waterway.

Key Fish Not Key Fish Habitat.
Habitat Type

and Class

Sensitive No.

receiving

environment

Geomorphology

Dam bound by sandstone escarpment to west and levee banks to its north, east and
south. The bed and the banks of the dam were mostly comprised of unconsolidated
sediment and detritus albeit there were little suspended particles in the water column
at the time of survey. Sand and small boulders were observed at the discharge
location of the drainage line.

General water
quality

Freshwater.

Condition of Riparian vegetation comprises dense, native vegetation with some exotic understorey.
riparian

vegetation

Instream The northern and southern areas of the dam are fringed with native emergent

habitat macrophytes (Eleocharis spp.). Filamentous green algae were recorded on the

sediment close to the banks. The drainage channel bed along the upstream sections
are vegetated with shrubs, ferns, grasses and forbs or layered with detritus. No
instream macrophytes albeit moss was observed in some channel sections.
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Feature Description

Photo

Instream condition of the dam looking south-west from the northern end (left) and
vegetation drainage line originating from a 40 centimetre pipe on the escarpment

(right).

3.7.4 Marine and intertidal habitats

The subject land encompasses a portion of Middle Harbour and its foreshores, between
Northbridge on the southern shore and Seaforth on the northern shore. A number of shallow bays
that fringe the main channel of Middle Harbour fall within the subject land and wider assessment
area, including Sailors Bay, Pearl Bay, Peach Tree Bay and Bantry Bay.

Middle Harbour extends from about the Roseville Bridge in the west to its confluence with Port
Jackson in the east, between Middle Head and Grotto Point. Middle Harbour is a tidal estuary that
is deeply incised in Hawkesbury Sandstone, and supports five broad marine habitats (Cardno,
2020a):

¢ Intertidal rocky shores

¢ Shallow soft sediments, including seagrass, saltmarsh, mangroves and intertidal sandflats and
mudflats

o Subtidal rocky reefs
o Deep soft sediments
e Open water.

While some of these habitats have been modified and disturbed by the construction of artificial
structures such as seawalls, jetties, pontoons and marinas, much of the natural foreshore has
been retained within the subject land. In addition, much of the foreshore within the subject land
supports native vegetation, predominantly woodland and forest communities associated with
sandstone-derived soils.

The marine and intertidal habitats identified in the subject land, and the resources they offer to
marine mammals, reptiles and fish species are described and mapped in Technical working paper:
Marine ecology (Cardno, 2020b). Some of these habitats offer resources to wandering seabirds,
shorebirds, Little Penguin and White-bellied Sea-Eagle, and these are summarised below.

3.7.4.1 Intertidal sand and mudflats

Intertidal sandflats and mudflats occur where alluvial and marine sediment depositions accumulate,
typically in shallow bays. Within the subject land, intertidal sand and mudflats were identified along
the foreshore of Clive Park (Northbridge), Beauty Point (The Spit) and Peach Tree Bay (Seaforth).

These small areas of sand and mudflats within the subject land provide marginal foraging habitat to
threatened shorebird species, where worms, bivalves, crustaceans and other invertebrates occur
within soft substrate tidal areas that are exposed during low tide. However, no threatened
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shorebird species were recorded during targeted surveys, nor were determined to have a high
likelihood of occurrence in the subject land. Sand and mudflats do not offer nesting or roosting
habitat, as they are inundated at high tide.

Plate 10 Sand flats near Clive Park, near Plate 11 Sand flats near Clive Park, near
Middle Harbour south cofferdam (BL7) Middle Harbour south cofferdam (BL7)

3.7.4.2 Intertidal rocky shores

Rocky intertidal shores occur between the low- and high-water tidemarks. Within the subject land,
intertidal rocky shores typically consist of natural, sandstone rocky shores along much of the
foreshore of the bays and headlands within the subject land, including Peach Tree Bay, Seaforth
Bluff, Beauty Point, Quakers Hat, Fig Tree Point, Fig Tree Cove, Clive Park and Sailors Bay
(Figure 3-10).

Vertical walls and intertidal rocky areas in the subject land support a high abundance of Sydney
Rock Oysters (Saccostrea glomerata), which offer limited foraging resources to threatened
shorebirds. Intertidal rocky areas within the subject land do not offer nesting or roosting
opportunities to threatened shorebird species, as these areas are inundated at high tide. No
threatened shorebird species identified during database searches were determined to have a high
likelihood of occurrence in the subject land.
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Plate 12 Rocky shores on the southern Plate 13 Rocky shores on the southern
shore of Middle Harbour, near Middle shore of Middle Harbour, near Middle
Harbour south cofferdam (BL7) Harbour south cofferdam (BL7)

3.7.4.3 Open water

Open water habitat within Middle Harbour (Plate 14, Plate 15) supports a diversity of marine fauna
species, including plankton, invertebrates, fish, sharks, turtles and occasionally mammals such as
seals and whales. These species and how they use open water habitat within the subject land are
described in Technical working paper: Marine ecology (Cardno, 2020b), which is included as
Appendix T of the environmental impact statement.

Open water habitat provides foraging habitat for a number of threatened bird species that forage
for fish other marine prey species. As described in Section 3.6.2.4.10, White-bellied Sea-Eagle has
been previously recorded at several locations throughout Middle Harbour, including within the
subject land (DPIE (EES), 2020a), where the species may forage for fish, turtles and sea snakes.

As described in Section 3.6.2.4.15, Little Penguins have been recorded at several locations within
the subject land, including The Spit, Long Bay, Sailors Bay, and in the main channel of Middle
Harbour (DPIE (EES), 2020a), where the species likely forages in shallow waters for small
shoaling fish, cephalopods, and to a lesser extent, crustaceans (NPWS, 2000).

Open water within Middle Harbour does not support preferred habitat for wandering seabirds such
as Albatross and Petrels. No wandering seabird species that were identified during database
searches were determined to have a high likelihood of occurrence in the subject land.
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Plate 14 Open water of Middle Harbour, Plate 15 Open water of Middle Harbour,
looking north towards Middle Harbour looking north-west towards Seaforth and
north cofferdam (BL8) Bantry Bay
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Figure 3-10 Distribution of fauna habitats within the subject land (map a)
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Figure 3-10 Distribution of fauna habitats within the subject land (map b)
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Figure 3-10 Distribution of fauna habitats within the subject land (map ¢)
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Figure 3-10 Distribution of fauna habitats within the subject land (map d)
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Figure 3-10 Distribution of fauna habitats within the subject land (map e)
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Figure 3-10 Distribution of fauna habitats within the subject land (map f)
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3.8 Groundwater dependent ecosystems

A search of the National Atlas of Groundwater Dependent Ecosystems (BOM, 2018) did not
identify any groundwater dependent ecosystems within the subject land. However, several
groundwater dependent ecosystems with potential reliance on subsurface groundwater were
identified in the locality by the Bureau of Meteorology (BOM) (2018) (refer to Table 3.33 and Figure
3-11).

Table 3.33 Groundwater dependent ecosystems mapped by BOM (2018) in the locality of the
subject land

Location of mapped groundwater Distance from Ecosystems mapped

dependent ecosystems subject land

Upper reaches of Flat Rock Creek at Around 280 metres | Coastal Sandstone Gully Forest
Munro Park — moderate to high south east of the Sandstone Riparian Scrub
potential for groundwater interaction subject land Coastal Sand Forest.
Bates Creek — moderate to high Around 550 metres | Estuarine Mangrove Forest
potential for groundwater interaction west of the subject | Seagrass Meadow
land Coastal Sandstone Gully Forest.
Manly Dam Reserve — moderate Around 650 metres | Coastal Sandstone Gully Forest
potential for groundwater interaction east of the subject | Coastal Sandstone Plateau Heath.
land

Appendix 4 of the Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources —
Background Document (NSW Office of Water, 2011) identifies high priority groundwater dependent
ecosystems in the Greater Metropolitan Region, as defined under Schedule 4 of the Water Sharing
Plan for the Greater Metropolitan Region Groundwater Sources 2011. None of the high priority
groundwater dependent ecosystems listed are located in the subject land. The closest high priority
groundwater dependent ecosystem to the subject land is Coastal Saltmarsh, mapped around 540
metres to the west of the Wakehurst Parkway section of the subject lands by OEH (2016).

Coastal Upland Swamp in the Sydney Basin Bioregion, listed as Endangered under the BC Act
and EPBC Act, is mapped near the subject land. This TEC primarily occurs on impermeable
sandstone plateaux with shallow groundwater aquifers, in the headwaters and impeded drainage
lines of streams, and on sandstone benches with abundant seepage moisture. The closest
mapped area of Coastal Upland Swamp is 30 metres to the east of the subject land; however,
ground truthing of this location in May 2018 did not identify this community. The next closest
mapped patch of Coastal Upland Swamp is 95 metres west of the Wakehurst Parkway in Garigal
National Park.

Another small (around 0.07 hectares) area of Coastal Upland Swamp was identified north of Bantry
Bay Oval, about 135 metres south-east of the subject land. The extent of groundwater dependence
of this small patch is not known; the hydrology of this patch and surrounding areas has been
substantially modified, with a large dam constructed to the north and a cleared sports ground
located on elevated, possibly filled land to the south.
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Figure 3-11 Distribution of groundwater dependent ecosystems
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3.9 Matters of National Environmental Significance

The Secretary’s environmental assessment requirements require that MNES listed under the
EPBC Act are considered by this BDAR.

A search of the EPBC Protected Matters Search Tool was completed for an area within
10 kilometres of the subject land. The results of this search are provided in Annexure B of this
report and discussed below.

Wetlands of international importance

A search of the EPBC Protected Matters Search Tool found no wetlands of international
importance within 10 kilometres of the subject land. The closest wetland of international
importance is Towra Point nature reserve, located over 20 kilometres south of the subject land on
the southern shores of Botany Bay, on the Kurnell Peninsula.

3.9.2 Terrestrial threatened species and communities

A search of the EPBC Protected Matters Search Tool found 12 TECs, 31 threatened flora species,
36 threatened bird species, four threatened frog species, eight threatened terrestrial mammal
species, one threatened snail and one threatened terrestrial reptile species listed under the EPBC
Act that are likely to occur within 10 kilometres of the subject land. Annexure A assesses the
likelihood of these TECs and threatened species to occur in the subject land.

One TEC listed under the EPBC Act, Coastal Upland Swamps in the Sydney Basin Bioregion, has
been identified near the subject land, although not within it. This TEC has been mapped about

95 metres to the west of the subject land in Garigal National Park, and a smaller, modified patch
has been identified north of Bantry Bay Oval, about 135 metres south-east of the subject land.

Two threatened species listed under the EPBC Act were identified in the subject land during field
surveys: Syzygium paniculatum and Grey-headed Flying-fox. One individual of Syzygium
paniculatum was recorded next to Wakehurst Parkway in PCT 1250. The species is not known to
be associated with this vegetation type and it is considered unlikely to occur naturally at this
location. However, there is no evidence that this specimen has been planted, and it may be of wild
provenance, therefore it is considered to be remnant at this location.

A Grey-headed Flying-Fox camp (Balgowlah Camp) occurs at a location in the vegetated area
between Balgowlah Road and Burnt Bridge Creek Deviation, about 120 metres from the subject
land. Grey-headed Flying-fox was also recorded by WSP flying over a number of locations within
the subject land, during surveys carried out in 2017. This species and its habitat within the subject
land is described in Section 3.6.2.4.6.

Additionally, there are recent Bionet records of the Large-eared Pied Bat at the Wakehurst
Parkway east construction support site (BL13) and around 800 metres east of the Wakehurst
Parkway from 2018 (DPIE (EES), 2020a). This species was not recorded in the subject land during
targeted surveys. No Large-eared Pied Bat were caught in the harp traps placed outside the
subject land. However, the Large-eared Pied Bat was acoustically recorded 125 metres south-east
of the Wakehurst Parkway east construction support site (BL13), during passive Anabat surveys.
The species roosts in caves (near their entrances), crevices in cliffs, old mine workings and in the
disused, bottle-shaped mud nests of the Fairy Martin (Petrochelidon ariel), frequenting low to mid-
elevation dry open forest and woodland close to these features. Rocky features that could provide
suitable roosting habitat are in close proximity to the Wakehurst Parkway (Figure 3-9).All PCTs on
the subject land in proximity to the Wakehurst Parkway offer potential foraging habitat for the
species.

No other MNES were recorded or considered highly likely to occur in the subject land.

Migratory birds

A search of the EPBC Protected Matters Search Tool found 54 migratory bird species listed under
the EPBC Act that are known or are likely to occur within 10 kilometres of the subject land
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(Annexure B). The likelihood of these migratory species to occur in the subject is assessed in
Annexure A. One migratory bird species was considered to have a high likelihood of occurrence in
the subject land; White-bellied Sea-Eagle. A detailed description of this species and its habitat in
the subject land is provided in Section 3.6.2.4.10.

Intertidal sand and mud flats within the subject land, as described in Section 3.7.4, do not comprise
preferred foraging habitat for migratory shorebirds or waders. The marine waters of Middle
Harbour, as described in Section 3.7.4, do not comprise preferred foraging habitat for wandering
seabirds such as albatrosses or petrels.

Other migratory marine species listed under the EPBC Act are assessed in Technical working
paper: Marine ecology (Cardno, 2020b).
3.9.4 Marine species

The likelihood of threatened marine species listed under the EPBC Act to occur in the subject land
is assessed in Technical working paper: Marine ecology (Cardno, 2020b).
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4 Avoid and minimise impacts

Chapter 4 (Project development and alternatives) of the environmental impact statement describes
the alternatives that were considered as part of the project development process and explains the
selection of the preferred corridor and design.

Five corridor alternatives were considered for the project; four of these included upgrade of the
Wakehurst Parkway, where most biodiversity impacts occur. The five corridors were evaluated to
identify the most technically, socially and environmentally acceptable alternative with the most
efficient transport connections. Environmental evaluation criteria included to minimise
environmental impact and minimise long-term loss of public open space and recreational areas.
The five corridor alternatives are shown in Chapter 4 of the environmental impact statement.

The principles in Section 8.1 of the BAM (OEH, 2017a) have been considered to avoid and
minimise impacts on native vegetation and habitat, where possible, through the project
development process as described in Table 4.1.

Table 4.1 Project consistency with the principles of the BAM to avoid and minimise impacts

on biodiversity

Principles Project consistency

Corridor selection

Locating the project in areas where there are
no biodiversity values.

Areas of biodiversity value could not be entirely avoided
but impacts to these areas have been minimised.

Locating the project in areas where the native
vegetation or threatened species habitat is in
the poorest condition (ie areas that have a
lower vegetation integrity score).

Although the native vegetation in the subject land is
largely in moderate to good condition, the areas of
native vegetation that would be impacted by the project
generally consist of existing roadside vegetation that is
currently subject to edge effects and fragmentation.

Locating the project in areas that avoid habitat
for species that have a high biodiversity risk
weighting or native vegetation that is a CEEC
or an EEC.

There are three threatened fauna species with a high
biodiversity risk weighting that are considered to have a
high likelihood of occurrence in the subject land: Large-
eared Pied Bat, Large Bent-winged Bat and Little Bent-
winged Bat. No breeding habitat for these species was
identified in the subject land during targeted surveys,
and the foraging habitat that would be impacted does
not comprise a significant proportion of foraging habitat
for these species in the surrounding locality or wider
bioregion.

Impacts to Duffys Forest TEC have been avoided as far
as possible through minimisation of the area of the
subject land in these patches by optimising the location
of the tunnel portals and permanent tunnel support
facilities (Figure 4-1).

Locating the project such that connectivity
enabling movement of species and genetic
material between areas of adjacent or nearby
habitat is maintained.

The project includes the provision of a number of
dedicated fauna crossings spanning the Wakehurst
Parkway that would provide fauna connectivity between
Garigal National Park to the west and Manly Dam
Reserve to the east.

Fauna fencing would be provided for the length of
Wakehurst Parkway to reduce the risk of vehicle strike
and fauna mortality, and guide fauna towards fauna-
crossing structures.

Beaches Link and Gore Hill Freeway Connection

182

Technical working paper: Biodiversity development assessment report




Principles Project consistency

Consideration of alternatives

An analysis of alternative modes or
technologies that would avoid or minimise
impacts on biodiversity values and justification

for selecting the proposed mode or technology.

The majority of the project avoids surface impacts to
terrestrial biodiversity values by tunnelling.

The project design and construction works have been
developed to avoid direct impacts to seagrass and other
areas of marine habitat value in Middle Harbour.

The construction methodology for the crossing of Middle
Harbour has been designed to avoid dredging of the
sand bank at the entrance to Middle Harbour or
dredging in the vicinity of the Spit West Reserve
construction support site (BL9).

An analysis of alternative routes that would
avoid or minimise impacts on biodiversity
values and justification for selecting the
proposed route.

An analysis of alternative locations that would
avoid or minimise impacts on biodiversity
values and justification for selecting the
proposed location.

Five corridor alternatives were considered for the
project; four of these included upgrade of the Wakehurst
Parkway, where most biodiversity impacts occur. A
summary of the alternative routes considered is
provided in Chapter 4 of the environmental impact
statement.

The selected route avoids impacts associated with other
options to the areas around Parriwi Park and Fisher Bay
Bushland Reserve, where threatened species have
been recorded.

An analysis of alternative sites within a
property on which the project is proposed that
would avoid or minimise impacts on
biodiversity values and justification for
selecting the proposed site.

Three alternative locations were considered for the
location of the tunnel portals and ventilation facility along
the Wakehurst Parkway (portal location A, B and C).
The selected location (portal location B) minimises
impacts to Duffys Forest TEC compared with other
portal location A and required less tunnelling than portal
location C (Figure 4-1). Refer to Chapter 4 (Project
development and alternatives) of the environmental
impact statement for information.

Design refinement

Reducing the clearing footprint of the project.

Locating ancillary facilities in areas where
there are no biodiversity values.

Locating ancillary facilities in areas where the
native vegetation or threatened species habitat
is in the poorest condition (ie areas that have a
lower vegetation integrity score).

Locating ancillary facilities in areas that avoid
habitat for species and vegetation in high
threat status categories (eg an EEC or CEEC).

The project minimises impact to sensitive areas around
the Wakehurst Parkway, including Duffys Forest TEC,
by optimising the location of tunnel portals and
permanent tunnel support facilities.

The riparian zone of Flat Rock Creek has been avoided,
and impacts in Flat Rock Reserve are mostly limited to
revegetated areas

Direct vegetation impacts around Burnt Bridge Creek
have been reduced by establishing an exclusion zone
around riparian native vegetation adjoining the creek.

Noise and vibration impacts at the Grey-headed Flying-
fox camp at Burnt Bridge Creek have been reduced
during design refinement. The Kitchener Street bridge
was originally proposed for demolition would instead be
retained, substantially reducing the duration of potential
noise and vibration impacts at the camp during
construction.

Beaches Link and Gore Hill Freeway Connection

183

Technical working paper: Biodiversity development assessment report



Principles Project consistency

Providing structures to enable species and
genetic material to move across barriers or
hostile gaps.

The project includes the provision of a number of
dedicated fauna crossings spanning Wakehurst
Parkway that would provide fauna connectivity between
Garigal National Park to the west and Manly Dam
Reserve to the east. Three new rope bridges and three
underpasses to facilitate fauna crossings are proposed
(Figure 5-5).

Fauna fencing would be provided for the length of
Wakehurst Parkway to reduce the risk of vehicle strike
and fauna mortality, and guide fauna towards fauna-
crossing structures.

Making provision for the demarcation,
ecological restoration, rehabilitation and/or
ongoing maintenance of retained native
vegetation habitat on the development site*.

Native vegetation within and adjoining the subject land
would be managed in accordance with Biodiversity
Guidelines: Protecting and managing biodiversity on
RTA projects (RTA, 2011).

The costs of on-site biodiversity management would be
determined during management plan preparation. The
costs of offsets would be determined by the BAM
calculator based on the final offset value. The cost of
offsetting via payment to the fund is likely to change
over time, as credit prices are market driven and
updated in the BAM calculator on a quarterly basis.

* note — the term ‘development site’ is a term used by the BAM, which for the purposes of this assessment, is analogous

with the terms ‘subject land’ and ‘development footprint’
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Figure 4-1 Connection location alternatives at the southern extent of Wakehurst Parkway
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Section 8.2 of the BAM (OEH, 2017a) identifies principles for avoiding and minimising prescribed
biodiversity impacts. Prescribed biodiversity impacts are discussed in Section 5.4 of this BDAR.
Prescribed biodiversity impacts that are relevant to the project include:

Impacts of development on the habitat of threatened species or ecological communities

associated with rocks

Impacts of development on the habitat of threatened species or ecological communities
associated with human made structures

Impacts of development on the habitat of threatened species or ecological communities

associated with non-native vegetation

Impacts of development on the connectivity of different areas of habitat of threatened species
that facilitates the movement of those species across their range

Impacts of the development on movement of threatened species that maintains their life cycle
Impacts of development on water quality, water bodies and hydrological processes that sustain

threatened species and TECs

Impacts of vehicle strikes on threatened species of animals or on animals that are part of a TEC.

The principles for avoiding and minimising prescribed biodiversity impacts are considered in Table
4.2.

Table 4.2 Project consistency with the principles of the BAM to avoid and minimise
prescribed biodiversity impacts

Principles ‘ Project consistency

Project location

Locating the envelope of surface works
to avoid direct impacts on the habitat
features identified as subject to
prescribed biodiversity impacts.

Generally, areas of native vegetation were prioritised for
avoidance over areas of non-native vegetation and human
made structures, as they provide greater habitat value for
threatened species.

Locating the envelope of sub-surface
works, both in the horizontal and vertical
plane, to avoid and minimise operations
beneath the habitat features identified
as subject to prescribed biodiversity
impacts eg locating longwall panels
away from geological features of
significance or water dependent plant
communities and their supporting
aquifers.

Tunnelling has largely avoided impacts to areas supporting
groundwater dependent ecosystems, with the exception of
some vegetation at Flat Rock Creek/Quarry Creek that would
be subject to potential water table drawdown impacts.

Locating the project to avoid severing or
interfering with corridors connecting
different areas of habitat, migratory flight
paths to important habitat or local
movement pathways.

The project includes realignment and upgrade of the
Wakehurst Parkway, which would result in an increase in the
gap between areas of habitat to the west and east.

This impact could not be avoided; however, the project
includes the provision of a number of dedicated fauna
crossings spanning Wakehurst Parkway that would provide
fauna connectivity between Garigal National Park to the west
and Manly Dam Reserve to the east.

Fauna fencing would be provided for the length of Wakehurst
Parkway to reduce the risk of vehicle strike and fauna
mortality, and guide fauna towards fauna-crossing structures.
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Principles ‘ Project consistency

Optimising project layout to minimise
interactions with threatened species and
ecological communities, eg designing
turbine layout to allow buffers around
features that attract and support aerial
species, such as forest edges, riparian
corridors and wetlands, ridgetops and
gullies.

Impact to sensitive areas have been minimised by optimising
the location and layout of temporary construction support sites
and permanent tunnel support facilities.

Locating the project to avoid direct
impacts on water bodies.

Alternative crossing methodologies for Middle Harbour were
explored during design development. As summarised in
Chapter 4 (Project development and alternatives) of the
environmental impact statement, the preferred methodology of
the immersed tube tunnel was selected as it provides a
shallow alignment and enables better grades and journey
experience (eg safety and long-term emissions). In order to
minimise water quality impacts on Middle Harbour, the
selected methodology for the project has considered dredging
methods and controls to limit the potential for turbidity impacts
and mobilisation of sediment.

The preferred design at Balgowlah would have direct impacts
on a short section of Burnt Bridge Creek to facilitate an
extension of the existing box culvert crossing of Burnt Bridge
Creek Deviation further into the existing Balgowlah Golf
Course. The section of creek located within the golf course has
been realigned in the past. The preferred design at this
location was selected as it provided constructability benefits,
reduced private property impacts and reduced environmental
impacts. In particular, it reduced impacts to Burnt Bridge Creek
to the east and west of Burnt Bridge Creek Deviation
compared to other options.

An analysis of alternative modes or
technologies that would avoid or
minimise prescribed biodiversity impacts
and justification for selecting the
proposed mode or technology.

The maijority of the project avoids surface impacts to terrestrial
biodiversity values by tunnelling.

Design and construction works have been developed to avoid
direct impacts to seagrass and other areas of marine habitat
value in Middle Harbour.

Offshore cofferdams have avoided a physical impact on the
sensitive foreshores of Clive Park and Seaforth Bluff.
Traditional immersed tube construction would involve land-
based coffer dams to construct interface structures.

The construction methodology for the crossing of Middle
Harbour has been designed to avoid dredging of the sand
bank at the entrance to Middle Harbour and in the vicinity of
Spit West Reserve construction support site (BL9).

An analysis of alternative routes that
would avoid or minimise prescribed
biodiversity impacts and justification for
selecting the proposed route.

An analysis of alternative locations that
would avoid or minimise prescribed
biodiversity impacts and justification for
selecting the proposed location.

Five corridor alternatives were considered for the project; four
of these included realignment and upgrade of the Wakehurst
Parkway, where most biodiversity impacts occur. A summary
of the alternative routes considered is provided in Chapter 4
(Project development and alternatives) of the environmental
impact statement.

The selected route avoids impacts associated with other
options to the areas around Parriwi Park and Fisher Bay
Bushland Reserve, where threatened species have been
recorded.
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Principles ‘ Project consistency

An analysis of alternative sites within a
property on which the project is
proposed that would avoid or minimise
prescribed biodiversity impacts and
justification for selecting the proposed
site.

Three alternative locations were considered for the location of
the tunnel portals and ventilation facility along the Wakehurst
Parkway. The selected location minimises impacts to Duffys
Forest TEC compared with other locations.

Justifications for project location
decisions should identify any other site
constraints that the proponent has
considered in determining the location
and design of the project, eg bushfire
protection requirements including
clearing for asset protection zones, flood
planning levels, servicing constraints.

Site constraints have been minimised by optimising the
location and layout of temporary construction support sites and
permanent tunnel support facilities.

Project design

Engineering solutions, eg proven
techniques to minimise fracturing of
bedrock underlying features of
geological significance, water dependent
communities and their supporting
aquifers, proven engineering solutions to
restore connectivity and favoured
movement pathways.

The project includes the provision of a number of dedicated
fauna crossings spanning Wakehurst Parkway that would
provide fauna connectivity between Garigal National Park to
the west and Manly Dam Reserve to the east.

Fauna fencing would be provided for the length of Wakehurst
Parkway to reduce the risk of vehicle strike and fauna
mortality, and guide fauna towards fauna-crossing structures.

Design of project elements to minimise
interactions with threatened and
protected species and ecological
communities, eg designing turbines to
dissuade perching and minimise the
diameter of the rotor swept area,
designing fencing to prevent animal
entry to transport corridors.

Fauna fencing would be provided for the length of Wakehurst
Parkway to reduce the risk of vehicle strike and fauna
mortality, and guide fauna towards fauna-crossing structures.

Design of the project to maintain
environmental processes critical to the
formation and persistence of habitat
features not associated with native
vegetation.

The project is not expected to adversely impact environmental
processes critical to the formation and persistence of habitat
features not associated with native vegetation, due to an
absence of karst, caves, crevices, cliffs or other features of
geological significance. Where rocky features are required to
be removed (as part of vegetation clearing), these would be
salvaged and translocated to areas of vegetation to be
retained in the subject land.
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Principles ‘ Project consistency

Design of the project to maintain The drainage and stormwater design maintains pre-existing
hydrological processes that sustain hydrological flows.
threatened species and TECs. Discharges from the wastewater treatment plants would be

designed to not worsen water quality in the receiving
environment during construction. This includes Flat Rock
Creek, Willoughby Creek and Burnt Bridge Creek during
construction. During operation, discharges to Flat Rock Creek
would be treated to comply with the ANZECC/ARMCANZ
(2000) default trigger values for physical and chemical
stressors for estuarine and lowland river ecosystems and the
ANZG (2018) 90 per cent species protection levels for
toxicants when designing wastewater treatment plants. For
toxicants known to bioaccumulate, the ANZG (2018) 95 per
cent species protection level would be adopted. Discharges
would also be required to meet the draft ANZG default
guideline values for iron (in fresh and marine water) and zinc
(in marine water) of which public comments are under
consideration as of November 2020.

The project would include the provision of water quality control
measures along the Wakehurst Parkway, including new or
modified drainage and water quality basins. Modelling
concluded that the operation of the project at the Wakehurst
Parkway would not decrease the water quality of nearby
ephemeral and unnamed freshwater waterways, nor Garigal
National Park drainage lines, Bantry Bay, Manly Dam or Manly
Creek.

Works at Burnt Bridge Creek have been modified to reduce the
need to realign a section of creek and instead extend an
existing culvert which has a smaller impact on aquatic habitat
and hydrology of Burnt Bridge Creek.

Design of the project to avoid and Temporary construction erosion and sediment control
minimise downstream impacts on rivers, | measures, including water quality basins and wastewater
wetlands and estuaries by control of the | treatment plants would be designed to treat wastewater
quality of water released from the site. generated from tunnel groundwater ingress, rainfall runoff in
tunnel portals, heat and dust suppression water and
washdown runoff during the construction phase to minimise
impacts to watercourses downstream of the subject land.
During the operation of the project, tunnels would incorporate
drainage infrastructure to capture and treat wastewater
generated from groundwater ingress and rainfall runoff in
tunnel portals. A permanent operational wastewater treatment
plant located at Punch Street, Artarmon is proposed to treat
discharge and manage potential adverse impacts on Flat Rock
Creek.
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5 Impact assessment

For the purpose of this BDAR, it is assumed that all biodiversity values occurring within the subject
land would be removed (with the exception of identified exclusion zones), due to the construction
and operation of temporary and permanent features of the project. The term ‘subject land’ is
analogous with the term ‘construction footprint’ that is used in the environmental impact statement,
and with the term 'development footprint’ that is prescribed by the BAM.

Refer to sections 1.4 and 1.5 for a description of the key features of the project. Further detail is
provided in Chapter 5 (Project description) and Chapter 6 (Construction work) of the environmental
impact statement.

Vegetation removal including the clearing of native vegetation and fauna habitat would be further
minimised during further design development and detailed construction planning, where feasible
and reasonable.

The final layout of the new and improved open space and recreation facilities at Balgowlah,
including the retention and/or removal of trees, would be subject to the outcome of the dedicated
community consultation process. The dedicated consultation process jointly led by Transport for
NSW and Northern Beaches Council would take place to give the community an opportunity to
provide input on the final layout of the new and improved open space and recreation facilities at
Balgowlah. This consultation would be separate to the consultation for the Beaches Link
environmental impact statement. This process would start after the environmental impact
statement public exhibition period and well in advance of construction starting. As part of this
consultation process, a community reference group would be established, with representative
stakeholder groups and the community, to support Transport for NSW and Northern Beaches
Council with the development of this important public space. The project would return an area,
equivalent to around 90 per cent of the current open space, to the community as new and
improved public open space and recreation facilities.

5.1 Direct impacts on native vegetation and habitat

5.1.1 Removal of native vegetation

Construction of the project would require the removal of native vegetation within the subject land.
Vegetation from seven ground-truthed PCTs would be removed as detailed in Table 5.1, resulting
in the complete loss of vegetation integrity for each PCT. Of these, PCT 1786 (Red Bloodwood —
Scribbly Gum/Old-man Banksia open forest on sandstone ridges of northern Sydney and the
Central Coast) falls within the definition of a TEC. PCT 1786 is consistent with the definition of
Duffys Forest Ecological Community in the Sydney Basin Bioregion, which is listed as an EEC
under the BC Act. This TEC adjoins Wakehurst Parkway at Seaforth and Frenchs Forest (Figure
3-6), and 1.38 hectares would be removed for the realignment and upgrade of the Wakehurst
Parkway. No TECs listed under the EPBC Act would be removed for the project.

In order to reduce impacts on native vegetation, an exclusion zone is proposed to be established
around riparian vegetation adjoining Burnt Bridge Creek adjacent to the surface road works at
Balgowlah. The exclusion zone would be about 0.90 hectares in area and would contain 0.48
hectares of PCT 1292 and 0.42 hectares of PCT 1841.

Ecosystem credits are required to offset the direct impacts of the project (ie the removal of native
vegetation). Additional information about the offsetting requirements is provided in Section 7.
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Table 5.1 Direct impacts to native vegetation

Vegetation zone

— Smooth-barked Apple — Red
Bloodwood shrubby open forest
on slopes of moist sandstone
gullies, eastern Sydney Basin
Bioregion (Moderate/Good)

PCT 1250: Sydney Peppermint

Status (BC
Act)

Not listed

Area to be
impacted

0.20

Future

Change
(loss) in
vegetation
integrity

82.5

Number of
hollow
bearing
trees

PCT 1292: Water Gum —
Coachwood riparian scrub along
sandstone streams, Sydney
Basin Bioregion
(Moderate/Good)

Not listed

0.40

67.6

PCT 1783: Red Bloodwood —
Scribbly Gum/Old-man Banksia
open forest on sandstone ridges
of northern Sydney and the
Central Coast (Moderate/Good)

Not listed

4.23

62.9

PCT 1786: Red Bloodwood -
Silvertop Ash — Stringybark
open forest on ironstone in the
Sydney region (Moderate/Good
— Good)

PCT 1786: Red Bloodwood -
Silvertop Ash — Stringybark
open forest on ironstone in the
Sydney region (Moderate/Good
— moderate)

EEC (Duffys
Forest
Ecological
Community in
the Sydney
Basin
Bioregion)

1.01

69.1

0.37

40.5

PCT 1824: Mallee — Banksia —
Tea-tree — Hakea heath-
woodland of the coastal
sandstone plateaus of the
Sydney basin (Moderate/Good)

Not listed

6.18

66.4

PCT 1841: Smooth-barked
Apple — Turpentine — Blackbultt
tall open forest on enriched
sandstone slopes and gullies of
the Sydney region
(Moderate/Good)

Not listed

1.37

65.3

PCT 1845: Smooth-barked
Apple — Red Bloodwood —
Blackbutt tall open forest on
shale sandstone transition soils
in eastern Sydney
(Moderate/Good)

Not listed

0.39

78.1

Native revegetation

Not listed

1.29

37.7

Total

15.44
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5.1.2 Removal of threatened flora species

Construction of the project would have direct impacts on two threatened flora species listed under
the BC Act and EPBC Act. Table 5.2 summarises the impacts to these species.

Species credits are required to offset the impacts to one possibly remnant individual of Syzygium
paniculatum. The credit requirements are provided in Section 7. No other threatened plant species
listed under the BC Act and/or EPBC Act are anticipated to be directly impacted by the project.

Table 5.2 Summary of impacts on threatened flora species

Threatened
species

BC Act
Status*

EPBC
Act
Status*

Number of individuals
to be removed

Offsets required?

Callistemon V - Up to 4 planted No.
linearifolius individuals — these Planted individuals to be
(Netted Bottle plants are located on the | impacted by the project are not
Brush) north-western edge of considered to be of
the exclusion zone to be | conservation significance and
established along Burnt | are not assessed further under
Bridge Creek. the BAM.
Syzygium E \% 1 remnant individual Yes (for 1 possibly remnant

paniculatum
(Magenta Lilly
Pilly)

located at the edge of
the eastern boundary of
the subject land
adjoining the Wakehurst
Parkway. The individual
is mapped just outside
the boundary of the
subject land but due to
GPS error, may be
located within it. It is
assumed for the
purpose of assessment
that this individual would
be removed.

Up to 4 planted
individuals - these plants
are located on the north-
western edge of the
exclusion zone to be
established along Burnt
Bridge Creek.

individual).

No (for planted individuals).
Planted individuals to be
impacted by the project are not
considered to be of
conservation significance and
are not assessed further under
the BAM.

*V=Vulnerable, E=Endangered

5.1.3 Removal of threatened fauna species habitat
Around 20.92 hectares of vegetation would be removed for the project. This vegetation consists of:

¢ 14.15 hectares of native vegetation that meets the definition of a PCT
1.29 hectares of native revegetation

0.36 hectares of native plantings

4.89 hectares of urban exotic/native plantings

0.23 hectares of weeds and exotics.

Vegetation that would be removed is primarily located adjacent to the Wakehurst Parkway, within
the Flat Rock Drive construction support site (BL2), Balgowlah Golf Course construction support site
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(BL10), Wakehurst Parkway south construction support site (BL12) and Wakehurst Parkway east
construction support site (BL13).

The removal of native flowering and fruiting trees, shrubs and ground layer vegetation from the
subject land would result in the loss of potential foraging and sheltering habitat to a number of
threatened fauna species known or considered likely to occur in the subject land. Clearing of
vegetation would also result in the loss of two hollow-bearing trees that were identified in the
subject land at:

o The northern part of Wakehurst Parkway on the western side (tree contains hollows greater than
20 centimetre diameter)

e The southern end of Wakehurst Parkway within the Wakehurst Parkway south construction
support site (BL12).

Ecosystem credits are required to offset the impacts to the threatened fauna ecosystem credit
species known or likely to occur in the subject land (Table 5.3); the credit requirements are
provided in Section 7.

No threatened species credit fauna species were recorded in the subject land during targeted
seasonal surveys. Although fauna species which are listed as both species credit and ecosystem
credit species were recorded (Grey-headed Flying-fox, Powerful Owl, Glossy Black-Cockatoo,
White-bellied Sea-Eagle, Little Bent-winged Bat and Large Bent-winged Bat), no suitable breeding
habitat for these species to which species credits would apply was recorded in the subject land. A
Grey-headed Flying-fox camp known at a location in the vegetated area between Balgowlah Road
and Burnt Bridge Creek Deviation, about 120 metres from the subject land. Potential impacts from
construction noise on the Grey-headed Flying-fox camp are discussed below.

Two threatened species credit fauna species, Eastern Pygmy-possum and Large-eared Pied Bat
were previously recorded on the Wakehurst Parkway east construction support site (BL 13) in 2018
(DPIE (EES), 2020a) and the Large-eared Pied Bat was acoustically recorded 125 metres
southeast of the Wakehurst Parkway east construction support site (BL13), during passive Anabat
surveys on a single night. These species are associated with all PCTs in the subject land adjoining
the Wakehurst Parkway. Large-eared Pied Bat is also associated with the PCTs adjoining the
Burnt Bridge Creek Deviation. Species polygons were prepared for these species (Figure 3-8). The
area of the species polygon for the Eastern Pygmy-possum is around 12.38 hectares and the area
of the species polygon for the Large-eared Pied Bat is around 13.68 hectares.

One threatened species credit fauna species, Red-crowned Toadlet, is assumed to occur in the
subject land, as the species was previously recorded nearby in similar habitat for the Northern
Beaches Hospital road upgrade project (SMEC, 2015). This species is assumed to be present in
areas of suitable habitat adjoining the Wakehurst Parkway. Species credit habitat for the Red-
crowned Toadlet consists of areas adjoining unnamed and unmapped freshwater watercourses in
the north of the subject land. A species polygon was prepared for this species (Figure 3-8). The
area of the species polygon for Red-crowned Toadlet within the subject land is around 2.70
hectares.

An additional two threatened species credit fauna species, Southern Brown Bandicoot and
Southern Myotis, were not recorded in the subject land, however were considered candidate
species due to potential habitat within the subject land. Due to a lack of detection of both species
during targeted surveys, they were considered absent from the subject land. Accordingly, species
credits are not required to offset impacts on these species.
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Table 5.3 Threatened ecosystem credit species with a moderate to high likelihood of occurrence in the subject land

Common name

Scientific Name

Ecosystem or species credit

species

Likelihood of
occurrence in

subject land

If ecosystem credit, which
vegetation zones (PCTs)
provide habitat and require
offsets

1250, 1292, 1783, 1786, 1824,

Glossy Black- Calyptorhynchus lathami Ecosystem (foraging) High
Cockatoo Species (breeding) 1841, 1845
Varied Sittella Daphoenositta Ecosystem High 1250, 1292, 1783, 1786, 1824,
chrysoptera 1841, 1845
Spotted-tailed Dasyurus maculatus E Ecosystem Moderate 1250, 1292, 1783, 1786
Quoll 1824, 1841, 1845
Little Lorikeet Glossopsitta pusilla Ecosystem Moderate 1250, 1292, 1783, 1786, 1824,
1841, 1845
White-bellied Haliaeetus leucogaster Ecosystem (foraging) High 1250, 1292, 1783, 1786, 1824
Sea-Eagle Species (breeding)
Little Eagle Hieraaetus morphnoides Ecosystem (foraging) Low-Moderate 1250, 1292, 1783, 1786, 1824,
Species (breeding) 1841, 1845
Swift Parrot Lathamus discolor CE Ecosystem (foraging) Moderate 1250, 1783, 1786, 1824, 1841,
Species (breeding) 1845
Square-tailed Kite | Lophoictinia isura Ecosystem (foraging) Moderate 1250, 1292, 1783, 1786, 1824,
Species (breeding) 1845
Little Bent-winged | Miniopterus australis Ecosystem (foraging) High 1250, 1292, 1783, 1786, 1824,
Bat Species (breeding) 1841, 1845
Large Bent- Miniopterus orianae Ecosystem (foraging) High 1250, 1292, 1783, 1786, 1824,
winged Bat oceanensis Species (breeding) 1841, 1845
Eastern Coastal Micronomus Ecosystem High 1250, 1292, 1783, 1786, 1824,
Free-tailed Bat norfolkensis 1841, 1845
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Common name

Scientific Name

Ecosystem or species credit

species

Likelihood of
occurrence in

subject land

If ecosystem credit, which
vegetation zones (PCTs)
provide habitat and require
offsets

Barking Owl Ninox connivens Ecosystem (foraging) Moderate 1250, 1292, 1783, 1786, 1841,
Species (breeding) 1845

Powerful Owl Ninox strenua Ecosystem (foraging) High 1250, 1292, 1783, 1786, 1841,
Species (breeding) 1845

Eastern Osprey Pandion cristatus Ecosystem (foraging) Moderate 1250, 1783, 1841
Species (breeding)

Grey-headed Pteropus poliocephalus Ecosystem Known 1250, 1292, 1783, 1786, 1824,

Flying-fox 1841, 1845

Yellow-bellied Saccolaimus flaviventris Ecosystem Low-moderate 1250, 1292, 1841, 1845

Sheathtail-bat

Masked Owl Tyto novaehollandiae Ecosystem (foraging) Moderate 1250, 1292, 1783, 1786, 1824,
Species (breeding) 1841, 1845
Sooty Owl Tyto tenebricosa Ecosystem (foraging) Low-moderate 1250, 1824

Species (breeding)

Rosenberg's Varanus rosenbergi Ecosystem Known 1250, 1292, 1783, 1786, 1824,
Goanna 1841

*V=Vulnerable, E=Endangered, CE=Critically Endangered, M=Migratory
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5.1.4 Fauna injury and mortality

Terrestrial fauna injury or mortality would occur during vegetation clearing activities (particularly
during the felling of trees) or may result from collisions with work vehicles or plant, or accidental
entrapment in plant, trenches or other works. Vehicle strike, particularly where construction
vehicles would be in operation near tracts of fauna habitat along the Wakehurst Parkway, would
not only directly impact the fauna species injured or killed, but would potentially impact predatory
species likely to feed on the roadkill. For example, Rosenberg’s Goanna has been known to feed
on roadkill, and was recorded along the Wakehurst Parkway during field surveys carried out by
WSP in 2017. Threatened fauna species with a high likelihood or known occurrence in the subject
land could be subject to injury and mortality.

The majority of fauna species recorded within the subject land are highly mobile bird and mammal
species and these species are likely to be able to move away from vegetation clearing and other
construction activities quite readily. Fauna species susceptible to injury or mortality include less
mobile species such as amphibians, reptiles, invertebrates and juvenile/nesting birds/mammals
and small mammals. Threatened fauna species that are at highest risk of injury or mortality
include:

o Red-crowned Toadlet
e [Eastern Pygmy-possum
¢ Rosenberg’s Goanna.

Marine fauna injury or mortality may occur during construction of the crossing of Middle Harbour, or
could result from collisions with watercraft or barges carrying out construction within Middle
Harbour. This could include the threatened Little Penguin; however, this species typically forages
in shallow waters at the shoreline, which the project largely avoids. Middle Harbour is subject to
high levels of water traffic and the species may be adapted to avoiding water vessels.

Measures to avoid fauna injury and mortality are described in Section 6.

5.2 Indirect impacts on native vegetation and habitat

Indirect impacts occur when the project or activities relating to the construction or operation of the
project affect native vegetation, TECs and threatened species habitat adjoining or outside the
subject land. Impacts may also result from changes to land-use patterns, such as an increase in
vehicular access and human activity on native vegetation, TECs and threatened species habitat.

Section 9.1.4.2 of the BAM identifies the types of indirect impacts on native vegetation and habitat
beyond the subject land that must be considered. The relevance of these types of impacts to the
project are provided in Table 5.4. Matters that have been determined to be relevant are considered
further in this section.

Table 5.4 Indirect impacts on native vegetation and habitat specified by the BAM

Indirect impact Relevance to the project

Inadvertent impacts on adjacent | Vegetation occurring along the margins of the Wakehurst Parkway

habitat or vegetation could be inadvertently impacted by the realignment and upgrade of
Wakehurst Parkway. This impact has been considered further in this
section.

Reduced viability of adjacent All vegetation to be impacted is already subject to edge effects. New

habitat due to edge effects edges would be created in native vegetation adjacent to the widened

Wakehurst Parkway expanding edge effects into new areas. This
impact has been considered further in this section.

Reduced viability of adjacent Noise, vibration, dust and light spill could affect fauna inhabiting
habitat due to noise, dust or light | vegetation in nearby terrestrial habitats. This impact has been
spill considered further in this section.
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Indirect impact Relevance to the project

Transport of weeds and
pathogens from the site to
adjacent vegetation

An increase in movements of people and machinery may facilitate the
introduction or spread of weeds. This impact has been considered
further in this section.

Increased risk of starvation,
exposure and loss of shade or
shelter

Not relevant. Fauna species using modified habitats within the subject
land are highly mobile bird and mammal species and are likely to be
able to move away from vegetation clearing and other construction
activities quite readily. Fauna habitat to be removed along the less
disturbed Wakehurst Parkway is adjacent to intact native vegetation
that could be used by less mobile species for relocation during
clearing activities.

Loss of breeding habitats

Not relevant. Adjacent vegetated habitats could be used for breeding.

However, the project would not result activities/disturbances that could
result in a loss of breeding habitat. Potential breeding habitat could be
impacted or degraded as a result of edge effects and increased noise,
light and dust.

Trampling of threatened flora
species

Not relevant. One threatened flora species, Syzygium paniculatum,
was recorded immediately adjacent to the subject land at Wakehurst
Parkway, as a single mature tree. If retained, this tree is unlikely to be
trampled. There is some potential habitat for threatened flora in areas
adjacent to the project to the east and west of the Wakehurst Parkway;
any potential impacts from trampling are likely to be minor and
contained to the edge of subject land, where targeted threatened flora
surveys by WSP (2018) did not detect any threatened flora species.

Inhibition of nitrogen fixation and
increased soil salinity

Not relevant. The project would not inhibit nitrogen fixation in adjacent
vegetation communities and the risk of increased soil salinity as a
result of the project is low to negligible.

Fertiliser drift

Not relevant. The project would not include use of fertiliser.

Rubbish dumping

Not relevant. The project would not result in increased public access to
areas of habitat that could be impacted by rubbish dumping and
therefore would not increase the existing likelihood of rubbish
dumping. Fauna fencing would be provided along both sides of the
Wakehurst Parkway restricting access to native vegetation in this area.

Wood collection

Not relevant. The project would not result in increased public access to
areas of native vegetation and therefore would not increase the
existing likelihood of wood collection. Fauna fencing would be
provided along both sides of the Wakehurst Parkway restricting
access to native vegetation in this area.

Bush rock removal and
disturbance

Not relevant. The project would not result in increased public access to
areas of native vegetation and therefore would not increase the
existing likelihood of bush rock removal and disturbance. Fauna
fencing would be provided along both sides of the Wakehurst Parkway
restricting access to native vegetation in this area.

Increase in predatory species
populations

Not relevant. Predatory species in the locality of the project are most
likely to be domesticated pets and foxes, and the project would not
result in increase to these populations.

Increase in pest animal

Low but not considered to be relevant. The subject land is in a highly

populations urbanised area, and the project is unlikely to increase the population of
any pest animals.
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Indirect impact Relevance to the project

Increased risk of fire Not relevant.

Disturbance to specialist Not relevant. No areas of specialist breeding and foraging habitat have
breeding and foraging habitat, eg | been identified within the subject land.
beach nesting for shorebirds.

5.2.1 Inadvertent impacts on adjacent native vegetation and habitat

Native vegetation occurring along the margins of the Wakehurst Parkway could be inadvertently
impacted by the widening of the Wakehurst Parkway. Indirect impacts to this vegetation could
include the introduction and spread of weeds, soil disturbance and trampling, though impacts are
likely to be minor and contained to the edge of subject land.

5.2.2 Reduced viability of adjacent habitat due to edge effects

The project would result in indirect impacts to some areas of native vegetation adjoining the
subject land, mainly due to fragmentation of vegetation and creation of new edges, which may
result in edge effects.

Most of the subject land adjoins small, fragmented areas of vegetation within urban areas. This
vegetation is often already situated adjacent to an existing cleared edge, such as a road, and is
subject to ongoing disturbance and edge effects.

Larger areas of native vegetation occur to the east and west of the Wakehurst Parkway, in Manly
Dam Reserve and Garigal National Park, respectively. The vegetation occurring along the margins
of the Wakehurst Parkway is currently subject to edge effects, including weed incursion at the road
margin and fragmentation by bicycle and walking tracks on both sides of the road. The realignment
and upgrade of Wakehurst Parkway would result in additional edge effects in some areas through
the creation of new edges in previously undisturbed vegetation.

The extent of the existing edge effects in native vegetation adjoining the Wakehurst Parkway was
assessed based on site inspection of areas within 50 metres of the subject land and supported by
collection of data from 10 vegetation condition transects (Figure 5-1, Figure 5-2). This assessment
found that edge impacts such as increased weed cover and reduced native ground and shrub
cover are largely limited to the area within 20 metres of the road edge.
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Figure 5-1 Per cent exotic vegetation cover recorded over distance from existing edge in
vegetation condition transects
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Figure 5-2 Indirect impacts to native vegetation adjoining the Wakehurst Parkway (map a)
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Figure 5-2 Indirect impacts to native vegetation adjoining the Wakehurst Parkway (map b)
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Based on the assessment of existing edge effects, the project could result in impacts from the
formation of new edges extending up to 20 metres from the subject land.

A 20 metre buffer was applied from the edge of the subject land and an analysis of native

vegetation mapped within the buffer zone was conducted. The analysis focused on the potential for

edge effects such as changes to vegetation structure, increase in exotic species cover and

alteration of microhabitats to occur within the buffer zone as a result of the project. Five categories

for potential edge effects were determined, as listed in Table 5.5 and mapped in Figure 5-2.

Table 5.5 Potential for edge effects in vegetation within 20 metres of the subject land

adjoining

Category

the Wakehurst Parkwa

Description

Area of native

Potential

vegetation for indirect
within 20 m impacts
buffer (ha)
Isolated Small fragments of vegetation (<0.25 ha) within the 0.23 Likely
patches buffer, previously part of larger patches, left between
gaps in the construction footprint or adjacent to other
permanent disturbance. These vegetation fragments are
considered no longer likely to be viable in the long term.
Existing edge | Vegetation edge adjoins, only slightly overlaps (ie 1-2 4.07 Unlikely
metres of overlap) or is set back from the construction
footprint; the existing edge effects within these patches
are unlikely to increase.
New edge in Vegetation in any condition within the patch is less than | 0.15 Unlikely
fragmented 50 metres wide and/or is currently fragmented and
and/or disturbed with modified structure and high exotic cover,
disturbed therefore new edges are unlikely to result in substantial
vegetation alteration to these areas of vegetation.
New edge in Vegetation patch in moderate to good condition that will | 8.20 Likely
un-fragmented | be fragmented by the construction footprint to form one
and or more new edges within previously unfragmented
undisturbed vegetation that extends over 50 metres from the edge of
vegetation the construction footprint.
New edge in Vegetation patch in moderate to good condition lies 1.97 Unlikely
upslope upslope of the construction footprint (adjoining areas of
vegetation cut).

The analysis of potential for edge effects found:

o A total of 0.23 hectares of native vegetation would be subject to increased edge effects to the
extent they would become unviable due to the small size and isolation of the remaining patches

o A total of 8.20 hectares of native vegetation would be subject to increased edge effects as a
result of the project due to the creation of one or more new edges within previously
unfragmented vegetation. These new edges could be subject to degradation by the
establishment and spread of weeds, enriched runoff from road pavement and dumping of
rubbish. However, the project would include the provision of drainage infrastructure that would
appropriately manage surface water flows. Fauna fencing to be installed along the Wakehurst
Parkway would likely prevent the dumping of rubbish along the roadside.

Of the 8.43 hectares of vegetation subject to edge effects, about 1.36 hectares meet the criteria for
the BC Act listed Duffys Forest TEC. There are no areas of indirect impact that meet the criteria for
any the EPBC Act listed TEC. The indirect impacts of the project on native vegetation are detailed
in Table 5.6. Offsets for these impacts are considered in Section 7.
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Table 5.6 Native vegetation subject to indirect impacts (potential edge effects)

Impact PCT name Vegetation zone Area of indirect

category

Isolated patches | PCT 1783: Red Bloodwood — Scribbly 1783 Moderate/Good 0.05
Gum/Old-man Banksia open forest on
sandstone ridges of northern Sydney
and the Central Coast

PCT 1786: Red Bloodwood - Silvertop 1786 Moderate/Good 0.17
Ash — Stringybark open forest on
ironstone in the Sydney region (Duffys
Forest TEC)

PCT 1824: Mallee — Banksia — Tea-tree | 1824 Moderate/Good 0.01
— Hakea heath-woodland of the coastal
sandstone plateaus of the Sydney basin

impacts (ha)

Total isolated patches 0.23
New edge in un- | PCT 1250: Sydney Peppermint — 1250 Moderate/Good 0.22
fragmented and | Smooth-barked Apple — Red Bloodwood
undisturbed shrubby open forest on slopes of moist
vegetation sandstone gullies, eastern Sydney Basin

Bioregion

PCT 1783: Red Bloodwood — Scribbly 1783 Moderate/Good 2.59
Gum/Old-man Banksia open forest on
sandstone ridges of northern Sydney
and the Central Coast

PCT 1786: Red Bloodwood - Silvertop 1786 Moderate/Good 1.19
Ash — Stringybark open forest on
ironstone in the Sydney region (Duffys
Forest TEC)

PCT 1824: Mallee — Banksia — Tea-tree | 1824 Moderate/Good 4.20
— Hakea heath-woodland of the coastal
sandstone plateaus of the Sydney basin

Total new edges 8.20
Grand total 8.43

5.2.3 Reduced viability of adjacent habitat due to noise, dust or light spill

Construction activities would result in localised and temporary noise and vibration impacts,
however as most construction areas occur in highly urbanised areas that are subject to ambient
noise, this increase in noise and vibration is not expected to have a significant impact on native
fauna.

Construction activities (specifically, modifications to surface roads) may impact the viability of
adjacent habitat at two locations within the subject land; along the Wakehurst Parkway and at
Balgowlah. These locations are discussed in further detail below.

5.2.3.1 Wakehurst Parkway surface road works

The realignment and upgrade of the Wakehurst Parkway may indirectly affect threatened fauna
species that have been previously recorded in adjacent native vegetation, including:

e Red-crowned Toadlet
o Eastern Pygmy-possum
¢ Large Bent-winged Bat
¢ Little Bent-winged Bat
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e |Large-eared Pied Bat

o Grey-headed Flying-fox

o Powerful Owl

o Eastern Coastal Free-tailed Bat
e Southern Myotis

e Rosenberg’s Goanna

¢ Glossy Black-Cockatoo.

Construction activities including the realignment and upgrade of the Wakehurst Parkway around
the cut and cover and trough structures of the ramp tunnels and widening of the Wakehurst
Parkway, and establishment and operation of construction support sites, could result in noise,
vibration, light spill and dust impacts on adjacent habitat throughout the duration of construction.
Excavation along the Wakehurst Parkway is required (eg at cuttings) and would require the use of
rock-hammers. Controlled blasting has also been identified as an opportunity in a few selected
locations as an alternative to rock-hammers to minimise the duration of excavation. This alternative
methodology would be investigated during further design development.

Both methods would produce high levels of noise and vibration. The typical sound power level of
rock hammering is 118 dB(A) (Renzo Tonin and Associates, 2020). This is about 90 dB(A) at a
distance of 10 metres (http://noisetools.net/noisecalculator?). For reference, human perception of
various sound levels be can be found at http://www.yourhome.gov.au/housing/noise-control.

Blasting would be carried out such that it conforms with noise criteria in AS 2187.2-2006
Explosives—Storage and use (Standards Australia, 2006) at nearby sensitive receivers as shown
in Table 5.7 and Table 5.8. Test blasts would be conducted to determine the explosive charge
needed to stay within this criteria. Any blasting in proximity to nearby sensitive receivers is likely to
be of a lower charge and impact.

Table 5.7 Recommended airblast limits for human comfort (Australian Standard, 2006)

Category Type of blasting Peak sound pressure level (dBL)
operations
Sensitive site* Operations lasting 115 dBL for 95 per cent blasts per year
longer than 12 months 120 dBL maximum unless agreement is reached with
or more than 20 blasts occupier that a higher limit may apply
Sensitive site* Operations lasting for 120 dBL for 95 per cent blasts
less than 12 months or | 125 gBL maximum unless agreement is reached with
less than 20 blasts occupier that a higher limit may apply
Occupied non- All blasting 125 dBL maximum unless agreement is reached with
sensitive sites, such as the occupier that a higher limit may apply. For sites
factories and containing equipment sensitive to vibration, the
commercial premises vibration should be kept below manufacturer’s

specifications or levels that can be shown to
adversely affect the equipment operation

*A sensitive site includes houses and low rise residential buildings, theatres, schools, and other similar buildings
occupied by people
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Table 5.8 Recommended airblast limits for damage control (Australian Standard, 2006)

Category Type of blasting  Peak sound pressure level (dBL)
operations

Structures that include masonry, plaster All blasting 133 dBL maximum unless agreement is

and plasterboard in their construction and reached with the owner that a higher

also unoccupied structures of reinforced limit may apply

concrete or steel construction

Service structures, such as pipelines, All blasting Limit to be determined by structural

powerlines and cables located above the design methodology

ground

Fauna can be sensitive to elevated noise, altering their behaviour and impacting their physiology
(Cumberland Ecology, 2013). Rock hammering and blasting have potential to impact fauna
inhabiting vegetation and rocky habitat adjacent to the Wakehurst Parkway.

Noise from rock hammering and blasting may affect fauna differently due to nature of each activity
and associated acoustic characteristics (ie amplitude and frequency). However, the use of blasting
as an alternative methodology would minimise the duration of excavation, reducing noise and
vibration exposure periods for fauna and shorten the overall duration of works in the area.

Fauna may initially desert the immediate area at the start of excavation activities due to increased
noise and vibration levels. Native vegetation and rocky habitats in the adjacent Garigal National
Park and Manly Dam Reserve would provide refuge for any displaced individuals with mobility.
Fauna could then gradually reinhabit, potentially developing a tolerance to the high noise levels
during construction. Folchi (2003) suggests the time for reoccupation following blasting is weeks to
months. However, due to the extent of adjoining habitat, the initial displacement from the
immediate area could become permanent. For less mobile species or breeding individuals, the
effects of the high noise levels may be more acute.

Measures have been included in Section 6 to manage potential noise and vibration impacts
including the development of activity-specific management measures for Large-eared Pied Bat due
to the proximity of potential roost habitat. Noise and vibration-intensive works such as rock
hammering and blasting would be managed by the implementation of standard management and
environmental management measures as outlined in Technical working paper: Noise and vibration
(Renzo Tonin and Associates, 2020).

5.2.3.2 Balgowlah surface road works

Upgrade and integration works at Balgowlah may indirectly impact the Grey-headed Flying-fox camp
located 120 metres from the subject land, as Grey-headed Flying-foxes roosting in the camp during
the day may be affected by construction noise. Surface road works at Balgowlah that may impact
biodiversity includes:

e Construction of portals within the Burnt Bridge Creek Deviation, realignment and widening to the
east of the Burnt Bridge Creek Deviation

¢ Construction of a new access road between Burnt Bridge Creek Deviation and Sydney Road
¢ Alocalised adjustment of the Burnt Bridge Creek
¢ Retaining walls to support cut rock faces and retain fill embankments

¢ Relocation of existing utilities impacted by the project at various locations where surface works
are required

o Establishment and operation of Kitchener Street (BL11) construction support site.
Grey-headed Flying-foxes would be most sensitive to construction noise during daytime hours

(ie during standard construction hours) when they are roosting in the camp, and particularly during
the months of August to February:

¢ During August, females are reaching the end of their gestation period and have been known to
abort young when stressed
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¢ During September to November, the females have given birth and are lactating. Stressed
females have been known to drop young during this period. Stressed young are also at risk of
falling to the ground which could result in starvation, predation and death

¢ |In December, juveniles are easily stressed which could result in falling to the ground

e During January to February, Flying-foxes are prone to heat stress. During this time, additional
potential stressors such as noise can increase the likelihood of an individual falling from a tree
due to heat stress.

Grey-headed Flying-foxes may not be so sensitive to construction noise at night time (ie related to
construction activities proposed to occur outside of standard construction hours), as most
individuals would be engaging in nocturnal foraging activities throughout the surrounding locality.

An assessment of airborne noise impacts from the surface road works and construction supports
site related activities at Balgowlah has been carried out in Technical working paper: Noise and
vibration (Renzo Tonin and Associates, 2020). Based on the results in this technical working
paper, Renzo Tonin and Associates provided predicted construction airborne noise levels at the
Grey-headed Flying-fox camp (Table 5.9).

Noise monitoring was carried out about 300 metres east of Grey-headed Flying-fox camp, at a
location adjacent to the Burnt Bridge Creek Deviation road corridor, to determine existing noise
levels (ie without construction). Road traffic noise dominated the existing environment, with
ambient day time noise levels of 54 dB(A) on a representative weekday and 52 dB(A) on a
representative weekend being recorded.

A summary of construction activities that would occur near the camp and their predicted noise
levels at the camp is provided in Table 5.9.

Table 5.9 Construction activities that would occur near the Grey-headed Flying-fox camp
and their predicted noise levels

Location Key noise-generating construction Laeq 15 minute dB(A) construction
activities noise level during standard

construction hours

Typical’ Worst case”

Burnt Bridge Creek Demolition (rock hammering) 55 67
Deviation surface works
(northbound)
Burnt Bridge Creek Demolition (rock hammering) 56 68
Deviation surface works
(southbound)
Trough works Paving/asphalting/road works (including 33 42

road saws)
Cut and cover portal Paving/asphalting/road works (including 32 41
works road saws)
Access road within Paving/asphalting/road works (including <30 38

Balgowlah Golf Course | road saws)

Access road Utilities modification works <30 38
intersection works at
Burnt Bridge Creek

Deviation
Sydney Road Mobilisation/demobilisation and site setup | <30 37
roadworks
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Location Key noise-generating construction Laeq 15 minute dB(A) construction
activities noise level during standard

construction hours

Typical’ Worst case”
Kitchener Street Deliveries (oversized) 57 57
construction support
site

*Typical is during the typical loud activities (eg vacuum truck operating)
#*Worst case is during the worst case loud activities (eg rock hammering or road saws in use)

Best practice guidelines for the Grey-headed Flying-fox (DECC, 2008a) state that absolutely no
work activities should be conducted (loud or quiet) in 'close proximity’ to a camp between the
months of September to February. What distance comprises ‘close proximity to a camp’ is not
defined by the guidelines. The Balgowlah Grey-headed Flying-fox Camp Management Plan
(Ecosure, 2016) states that bushland restoration activities within the camp (including the use of
power tools such a chainsaws) can be carried out between September and February in the
evening, after the Grey-headed Flying-foxes fly out of the camp to forage for the night, or during
the day with a ‘suitably qualified person’ monitoring Grey-headed Flying-fox behaviour, who has
the authority to stop works (if required).

Construction noise levels associated with the surface road works at Balgowlah would exceed
typical noise levels of bushland restoration activities described by Ecosure (2016), but no
construction activities for the project would be carried out within or immediately adjacent the camp
itself. The assessment of airborne noise impacts at Balgowlah determined that typical noise levels
of key noise-generating construction activities during the day would be similar to, or less than,
noise levels generated by existing day time road traffic noise on the Burnt Bridge Creek Deviation.
That is, typical noise levels of key noise-generating construction activities listed in Table 5.9 are
less than, or similar to, the ambient day time noise levels of 53.6 dB(A) (on a representative
weekday) and 52.4 dB(A) (on a representative weekend) that were recorded near the camp.

Construction noise levels from the establishment and operation of the construction support site at
Balgowlah Golf Course (BL10), including the construction of the new open space and recreation
facilities, are predicted to be less than the existing ambient day time noise levels in the vicinity of
the camp, which is dominated by road traffic noise from Burnt Bridge Creek Deviation. The highest
predicted construction noise level is 49 dB(A) Laeq 15 minute, predicted to occur during the
establishment of the site.

Grey-headed Flying-foxes occupying the Balgowlah camp appear to be accustomed to background
traffic noise and have persisted at the camp despite regular maintenance of the gross pollutant trap
(GPT) directly near core roosting habitat (Ecosure, 2016). Accordingly, typical noise levels of key
noise-generating construction activities during the day are not anticipated to adversely impact the
Grey-headed Flying-fox camp.

Some noise-generating construction activities are predicted in worst case to exceed existing day
time road traffic noise levels on the Burnt Bridge Creek Deviation, as identified in Table 5.9. These
activities include:

¢ Burnt Bridge Creek Deviation surface works (northbound)

¢ Burnt Bridge Creek Deviation surface works (southbound)
¢ Kitchener Street construction support site (BL11).
However, reasonable and feasible noise management measures would be implemented when

construction activities are occurring near the Grey-headed Flying-fox camp, as outlined in
Section 6.
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5.2.4 Transport of weeds and pathogens from the site to adjacent vegetation

An increase in the movement of people, vehicles, machinery, vegetation waste and soil during and
following construction activities may facilitate the introduction or spread of weeds. Disturbed areas,
such as those in which earthworks are to be carried out, including the realignment and upgrade of
the Wakehurst Parkway would be particularly susceptible to weed establishment due to earthworks
carried out in widening the road. Temporary construction areas around Flat Rock Reserve would
also be highly susceptible to weed establishment. Other areas such as the Gore Hill Freeway
would also be susceptible, however as these areas are highly urbanised, with little to no native
vegetation, the spread of weeds is of lower risk. Even so, management measures would be
required to minimise the risk of introduction and spread of weeds.

The project has the potential to increase the spread of pathogens that threaten native biodiversity
values, such as the soil-borne pathogen Phytophthora (Phytophthora cinnamomi). Phytophthora
infects roots and is associated with damage and death to native plants. It may be dispersed over
large distances in flowing water, such as storm runoff, or may be spread within a site via mycelial
growth from infected roots to roots of healthy plants. Propagules of Phytophthora may also be
dispersed by vehicles (eg cars and earth moving equipment), animals, walkers and movement of
soil. It is listed as a Key Threatening Process (defined as a process which threatens or may
threaten the survival, abundance or evolutionary development of a native species or ecological
community) under BC Act. There may be an increased risk of dispersal of Phytophthora as a result
of the construction activities that involve soil disturbance.

5.3 Serious and Irreversible Impacts

The OEH (2017c) Guidance to assist a decision-maker to determine a serious and irreversible
impact identifies threatened species and ecological communities most at risk of serious and
irreversible impacts.

5.3.1 Duffys Forest Ecological Community in the Sydney Basin Bioregion

One TEC at risk of a serious and irreversible impact was identified by the BAM credit calculator:
Duffys Forest Ecological Community in the Sydney Basin Bioregion (hereafter referred to as Duffys
Forest TEC), listed as an EEC under the BC Act. To assist the consent authority to evaluate the
nature of an impact on a potential entity at risk of a serious and irreversible impact, the BDAR must
contain details of the assessment of serious and irreversible impact, in accordance with the
assessment criteria set out in Section 10.2 of the BAM. The information provided in Table 5.10 is
required by the BAM to be provided for potential ecological communities.

Table 5.10 Serious and Irreversible Impact Assessment for Duffys Forest TEC

Assessment requirement ‘ Assessment

(a) the action and measures taken to avoid | Impacts to Duffys Forest TEC have been minimised through

the direct and indirect impact on the the design process, with the footprint adjusted to minimise
potential entity for an Serious and impacts to areas of Duffys Forest TEC adjoining the southern
Irreversible Impact end of the Wakehurst Parkway.

(b) the area (ha) and condition of the TEC Construction of the project would require the removal of 1.38
to be impacted directly and indirectly by the | hectares of Duffys Forest TEC. The areas of TEC to be

proposed development. The condition of removed adjoin the Wakehurst Parkway between Killarney
the TEC is to be represented by the Heights and Frenchs Forest. An additional area of 1.36
vegetation integrity score for each hectares would be subject to indirect impacts.

vegetation zone The vegetation integrity score of the areas of Duffys Forest

TEC to be directly and indirectly impacted varies from 69.1 for
the 1.01 hectares of the TEC in good condition, to 40.5 for the
0.37 hectares of the TEC in moderate condition.
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Assessment requirement ‘ Assessment

(c) a description of the extent to which the
impact exceeds the threshold for the
potential entity that is specified in the
Guidance to assist a decision-maker to
determine a serious and irreversible impact

There is currently no threshold for Duffys Forest TEC specified
in the Department of Planning, Industry and Environment
(Environment, Energy and Science) guidance, nor in the
Threatened Biodiversity Data Collection. The Department of
Planning, Industry and Environment (Environment, Energy and
Science) webpage for Serious and irreversible impacts (DPIE
(EES), 2020e¢) states that thresholds have not been assigned
to any TECs, and that in the absence of thresholds, the
consent authority can disregard references to considering
thresholds in the Department of Planning, Industry and
Environment (Environment, Energy and Science) guidance
when making their determination.

(d) the extent and overall condition of the
potential TEC within an area of 1000
hectares, and then 10,000 hectares,
surrounding the proposed subject land

For this assessment, the ‘proposed subject land’ is limited to
the area of the subject land on and adjoining the Wakehurst
Parkway.

The Wakehurst Parkway section of the subject land is at the
southern extent of the distribution of the Duffys Forest TEC.

Based on the vegetation mapping prepared by OEH (2016),
and excluding areas mapped by OEH (2016) within the subject
land and impacted by the Northern Beaches Hospital road
upgrade project, there is around 30.72 hectares of Duffys
Forest TEC mapped within an area of 1,000 hectares (Figure
5-3), and around 63.61 hectares of Duffys Forest TEC mapped
within an area of 10,000 hectares surrounding the subject land
(Figure 5-4).

The removal of 1.38 hectares of Duffys Forest TEC represents
a reduction of 4.3 per cent of the area of the TEC within 1,000
hectares, and 2.1 per cent of the area of the TEC within
10,000 hectares.

(e) an estimate of the extant area and
overall condition of the potential TEC
remaining in the IBRA subregion before
and after the impact of the proposed
development has been taken into
consideration

OEH (2016) mapped a total of 386.35 hectares of Duffys
Forest TEC within the Pittwater IBRA subregion (excluding
areas mapped by OEH (2016) within the subject land and the
impacted by the Northern Beaches Hospital road upgrade
project) (Figure 5-4). Together with the 1.38 hectares of Duffys
Forest mapped in the subject land, a total of 387.73 hectares
of the TEC has been identified in the Pittwater IBRA
subregion. Given that the Duffys Forest TEC only occurs
within the Pittwater IBRA subregion, this figure also represents
the total area of Duffys Forest TEC remaining in NSW.

The removal of 1.38 hectares of Duffys Forest TEC represents
a reduction of 0.36 per cent of the area of the TEC in the
Pittwater IBRA subregion. Following the removal of 1.38
hectares of Duffys Forest TEC for the project, the total area
remaining would be 386.35 hectares.

(f) an estimate of the area of the potential
TEC that is in the reserve system within the
IBRA region and the IBRA subregion

Of the total area of 594.29 hectares of Duffys Forest TEC
mapped by OEH (2016) in the Sydney Basin IBRA region
(excluding areas mapped by OEH (2016) within the subject
land and impacted by the Northern Beaches Hospital road
upgrade project), 358.4 hectares (60 per cent) is located within
Garigal, Ku-ring-gai and Royal National Parks.

Of the total of 386.35 hectares of Duffys Forest TEC mapped
by OEH (2016) within the Pittwater IBRA subregion (excluding
areas mapped by OEH (2016) within the subject land and
impacted by the Northern Beaches Hospital road upgrade
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Assessment requirement ‘ Assessment

project), 155.98 hectares (40 per cent) is located within
Garigal and Ku-ring-gai National Parks.

(g) the development, clearing or
biodiversity certification proposal’s impact
on:

(i) abiotic factors critical to the long-term
survival of the potential TEC; for example,
how much the impact will lead to a
reduction of groundwater levels or the
substantial alteration of surface water
patterns

(ii) characteristic and functionally important
species through impacts such as, but not
limited to, inappropriate fire/flooding
regimes, removal of understorey species or
harvesting of plants

(iii) the quality and integrity of an
occurrence of the potential TEC through
threats and indirect impacts including, but
not limited to, assisting invasive flora and
fauna species to become established or
causing regular mobilisation of fertilisers,
herbicides or other chemicals or pollutants
which may harm or inhibit growth of
species in the potential TEC

The project may result in water table drawdown beneath
patches of Duffys Forest TEC adjoining the Wakehurst
Parkway to the east and south of Seaforth Oval. Groundwater
modelling for the project has predicted up to three to five
metres of water table drawdown beneath these patches of
Duffys Forest (by 2027 and 2126 respectively) (Jacobs,
2020b). The Duffys Forest TEC is not considered to be a
groundwater dependent ecosystem and would likely only draw
on groundwater opportunistically during periods of low rainfall.
Unmanaged construction activities along the Wakehurst
Parkway could result in alteration of surface water patterns
allowing soil erosion, siltation and off-site movement of eroded
sediments into adjacent areas of TEC. However, standard
controls would be installed before and maintained throughout
the construction period to prevent these impacts.

Vegetation occurring along the margins of the Wakehurst
Parkway is currently subject to edge effects, and the widening
of the road would, expand edge effects into new areas. The
new edge could be subject to degradation by the
establishment and spread of weeds, enriched runoff from road
pavement and dumping of rubbish. Management measures
would be implemented to minimise the risk of introduction and
spread of weeds.

(h) direct or indirect fragmentation and
isolation of an important area of the
potential TEC

The Duffys Forest TEC in the subject land is currently
fragmented by the existing Wakehurst Parkway and adjoining
areas of residential development. The project would result in
some increases to the existing fragmentation as a result of the
widening of the Wakehurst Parkway. The gap in native
vegetation created by the existing Wakehurst Parkway ranges
from 10 to 15 metres in the vicinity of patches of Duffys Forest
TEC. This gap would increase to 40 to 45 metres across most
of the Wakehurst Parkway, and about 70- metres in the
northernmost extent of the project.

(i) the measures proposed to contribute to
the recovery of the potential TEC in the
IBRA subregion.

The 1.38 hectares of Duffys Forest TEC to be removed would
be offset in accordance with the Biodiversity Offsets Scheme.
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Figure 5-3 Duffys Forest TEC extent within 1,000 hectares of the subject land
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Figure 5-4 Duffys Forest TEC extent in the Pittwater IBRA subregion
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5.3.2 Large-eared Pied Bat, Large Bent-winged Bat and Little Bent-winged Bat

Three threatened species at risk of a serious and irreversible impact were recorded in the subject
land during targeted surveys or from recent database searches: Large-eared Pied Bat, Large Bent-
winged Bat and Little Bent-winged Bat. OEH (2017b) specifies that for these three species, only
breeding habitat is subject to assessment to determine serious and irreversible impacts.

Breeding habitat for Large Bent-winged Bat consists of maternity caves that females migrate to in
summer. Only three maternity caves are known in NSW and no such caves are located in the
subject land. Similarly, Little Bent-winged Bats form maternity colonies in summer, often formed in
association with Large Bent-winged Bats (DPIE (EES), 2020d). Only five maternity colonies are
known in Australia, and these are not within the subject land.

As the subject land and 100 metre buffer does not support breeding habitat for Large Bent-winged
Bat and Little Bent-winged Bat there is no risk of serious and irreversible impacts to these species.

For the purposes of serious and irreversible impact assessment, breeding habitat for the Large-
eared Pied Bat is considered present on the subject land if there is (OEH, 2018a):

¢ Potential breeding habitat, and
e Breeding individuals.

In accordance with ‘Species credit’ threatened bats and their habitats — NSW survey guide for the
Biodiversity Assessment Method (OEH, 2018a), potential breeding habitat is defined as breeding
habitat on or within 100 metres of the subject land and the area immediately surrounding the
feature. The subject land does not contain habitat features likely to be suitable for breeding. Rocky
features of the subject land were inspected during field surveys (WSP, 2018) and no evidence of
microbat use was found. Though there is potential breeding habitat within 100 metres of the
subject land (Figure 2-5), surveys undertaken in accordance with the guidelines failed to detect any
breeding individuals. As such, the species is not considered at risk of a serious and irreversible
impact.
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5.4 Prescribed biodiversity impacts

Clause 6.1 of the NSW Biodiversity Conservation Regulation 2017 identifies actions that are
prescribed as impacts to be assessed under the Biodiversity Offsets Scheme. Prescribed
biodiversity impacts must be assessed in accordance with Section 9.2 of the BAM.

The prescribed biodiversity impacts in the BAM and their relevance to the project are listed in

Table 5.11.

Table 5.11 Prescribed biodiversity impacts specified by the BAM

Prescribed biodiversity impact

(BAM)

Impacts of development on the habitat
of threatened species or ecological
communities associated with karst,
caves, crevices, cliffs and other
features of geological significance

Relevance to current project

Not relevant— no karst, caves, crevices, cliffs or other features of
geological significance in the subject land.

Impacts of development on the habitat
of threatened species or ecological
communities associated with rocks

Relevant — rock outcrops occur within and next to the subject
land. Direct and indirect impacts of the project may adversely
impact fauna species that occur in association with rocky
habitats, where such habitats would be removed or are located
near surface works, such as Large-eared Pied Bat, Red-
crowned Toadlet and Rosenberg’s Goanna. Refer to Section
5.4.1 for further detail.

Impacts of development on the habitat
of threatened species or ecological
communities associated with human
made structures

Relevant — human made structures occur within and next to the
subject land. Human made structures such as culverts beneath
surface roads and bridges, offer potential roosting habitat to
locally occurring threatened microbat species. Direct and indirect
impacts of the project may adversely affect threatened fauna
species that could utilise these human made structures. Refer to
Section 5.4.2 for further details.

Impacts of development on the habitat
of threatened species or ecological
communities associated with non-
native vegetation

Relevant — non-native vegetation occurs within and next to the
subject land, as described in Section 3.7.1. Trees and shrubs
associated with non-native vegetation offers foraging, nesting
and sheltering habitat to locally occurring threatened birds,
arboreal mammals and Grey-headed Flying-fox. The removal of
non-native vegetation from the subject land may have direct and
indirect impacts on these threatened species. Refer to Section
5.4.3 for further details.

Impacts of development on the
connectivity of different areas of
habitat of threatened species that
facilitates the movement of those
species across their range

Impacts of the development on
movement of threatened species that
maintains their life cycle

Relevant — while areas of habitat within and adjoining the
subject land are currently fragmented by linear infrastructure and
residential and commercial development, the proposal will
increase this existing fragmentation, mainly where the
Wakehurst Parkway would be widened from two lanes to a four
lane dual carriageway. This increase in habitat fragmentation
may adversely affect the movement patterns of a number of
threatened terrestrial fauna species, including Rosenberg’s
Goanna, Eastern Pygmy-possum, Red-crowned Toadlet and
Southern Brown Bandicoot. Refer to Section 5.4.4 for further
details.
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Prescribed biodiversity impact Relevance to current project

(BAM)

Impacts of development on water Relevant — turbidity and sedimentation of open water within

quality, water bodies and hydrological Middle Harbour and its bays could potentially arise from

processes that sustain threatened dredging and piling activities, particularly for construction of the

species and TECs Middle Harbour crossing. Unmanaged construction activities
near watercourses could increase levels of turbidity and
sediment deposition, decrease dissolved oxygen, and change
pH levels in receiving environments. Refer to Section 5.4.5 for
further details.

Impacts of wind turbine strikes on Not relevant — Wind turbines are not proposed as part of this

protected animals project.

Impacts of vehicle strikes on Relevant — the project involves the widening of roads near large

threatened species of animals or on tracts of fauna habitat, such as the realignment and upgrade of

animals that are part of a TEC the Wakehurst Parkway where it adjoins Garigal National Park.
Threatened terrestrial fauna species that attempt to cross these
widened roads, such as Rosenberg’s Goanna and Southern
Brown Bandicoot, may be more susceptible to vehicle strike, as
they move between areas of habitat on either side of the road to
obtain food, shelter, and breeding resources, and to disperse
from natal areas or carry out seasonal migrations. No animals
that are part of a TEC are located within or near the subject
land. Refer to Section 5.4.6 for further details.

5.4.1 Impacts of development on habitat of threatened species or ecological
communities associated with rocks

A number of threatened species or ecological communities known and considered likely to occur
within the subject land are associated with rocky habitats (Table 5.12). Hawkesbury Sandstone
bedrock and boulders were identified at the Burnt Bridge Creek and along the Wakehurst Parkway
(WSP, 2018).

Construction of the project would require the removal of rocky features from the subject land,
predominantly where the following surface works would occur:

¢ Connections to and from the Burnt Bridge Creek Deviation at Balgowlah, including the new
access road

¢ Realignment and upgrade of the Wakehurst Parkway, between Killarney Heights and Frenchs
Forest.

The removal of rocky features from alongside the Wakehurst Parkway would result in the loss of
potential habitat for some threatened species which are considered likely to occur in the subject
land (Table 5.12). Rocky features adjacent to the Burnt Bridge Creek Deviation are unlikely to
provide habitat for these species.
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Table 5.12 Threatened species or ecological communities associated with rocks

Species or ecological
community
associated with areas

of geological
significance

Threatened species

Importance of
rock to the
species

Nature, extent and duration
of short and long-term
impacts due to rock
removal

Consequences of the
impacts for the local
and bioregional
persistence of the
species or ecological
communities

Red-crowned Toadlet
(Pseudophryne
australis)

Inhabits
periodically wet
drainage lines
below sandstone
ridges. Shelters
under rock

Rosenberg’s Goanna
(Varanus rosenbergi)

Shelters in rock
crevices

Existing rocky habitats (eg
sandstone slabs, rocks and
boulders) that occur within
the subject land would be
permanently removed for the
establishment of construction
support sites and for surface
road works, resulting in the
loss of potential foraging and
sheltering habitat.

The area of habitat to be
removed is negligible at a
bioregional scale. Similar
foraging habitat is readily
available throughout the
surrounding locality and
wider bioregion.

Negligible.

Potential foraging
habitat to be removed
does not comprise a
significant proportion of
foraging habitat
available to this species
in the surrounding
locality or wider
bioregion.

The loss of a small area
of potential foraging
habitat is not expected
to adversely impact the
persistence of this
species at a local nor
bioregional scale.

Large-eared Pied Bat
(Chalinolobus dwyeri)

Roosts in caves
(near their
entrances) and
crevices in cliffs
and breeds in the
roof domes in
sandstone caves
and overhangs

Rocky features of the subject
land comprise sandstone
boulders, crevices and
ledges. These were
inspected during field
surveys (WSP, 2018) and no
evidence of microbat use
was found, nor were any
deemed suitable for breeding
and/or roosting for the Large-
eared Pied Bat. It is therefore
unlikely that the species is
utilising any rocky features
on the subject land for
breeding or roosting.
Removal of rocky habitat in
the subject land is therefore
unlikely to impact the
species.

Negligible.

Given the low likelihood
that the species is
utilising rocky features
in the subject land, their
removal is unlikely to
adversely impact the
persistence of this
species at a local or
bioregional scale.

5.4.2 Impacts of development on the habitat of threatened species or ecological
communities associated with human made structures

A number of threatened species known and likely to occur within the subject land are associated
with human made structures (Table 5.13). The nature, extent and duration of short and long-term
effects of the removal of human made structures as well as the consequences of the impacts for
the local and bioregional persistence of these species or ecological communities is assessed in

Table 5.13.
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Table 5.13 Potential impacts on species associated with human made structures

Species or
ecological
communities

Human
made
structures

with

Nature, extent and
duration of short
and long-term
impacts due to

Importance within
the bioregion of the
habitat to these
species or

Consequences of the
impacts for the local
and bioregional
persistence of the

potential to  removal of ecological species or ecological
be habitat structures communities communities
Large Bent- Culverts, The project would Low. Negligible.
winged Bat bridges and involve the alteration | Potential roosting Potential roosting
(Miniopterus buildings of existing bridges habitat may be habitat would be
orianae and culverts at the temporarily affected temporarily affected
oceanensis) surface connections by noise and vibration | during construction
at Artarmon, surface while bridges are and could be used by
Little Bent- roads works at altered during these species upon
winged Bat Balgowlah and construction of the the completion of
(Miniopterus realignment and project. construction.
australis) upgrade of the
Wakehurst Parkway
Southern that may offer
Myotis (Myotis potential microbat
macropus) roosting habitat.

5.4.3 Impacts of development on the habitat of threatened species or ecological
communities associated with non-native vegetation

There are three categories of vegetation not consistent with the definition of any PCTs that occur
within the subject land, which are considered as non-native vegetation for the purpose of this

assessment:

¢ Native plantings
¢ Urban exotic/native
¢ Exotic plantings.

Non-native vegetation is characterised by highly modified and/or landscaped vegetation that
occurs in gardens, parks and road verges within the subject land, such as Artarmon Reserve and
Balgowlah Golf Course. The extent of this non-native vegetation is shown in Figure 3-3.These
areas generally contain planted native and exotic horticultural specimens or isolated remnant trees
within otherwise planted areas.

Commonly occurring species within patches of non-native vegetation include Casuarina glauca,
Grevillea species, Callistemon species, Murraya paniculata, Eucalyptus microcorys, Nerium
oleander, Acacia podalyriifolia, Lophostemon confertus, Pennisetum clandestinum, Ehrharta
erecta, Axonopus fissifolius, Plantago lanceolata, Hypochaeris radicata and Trifolium spp. This
vegetation offers potential foraging, roosting, sheltering and nesting resources to a number of
locally occurring fauna species that are known or are considered highly likely to occur in the
subject land, as listed in Table 5.14.
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Table 5.14 Potential impacts on threatened species associated with non-native vegetation

Species

Glossy Black-
Cockatoo
(Calyptorhynchus
lathami)

Nature, extent and
duration of short and

long-term impacts due
to non-native vegetation
removal

Loss of potential foraging
habitat offered by
Allocasuarina spp., where
these trees occur in
patches of non-native
vegetation. This small
area of habitat would be
removed for the
establishment and
operation of construction
support sites and surface
works at Wakehurst
Parkway.

Non-native vegetation
does not support breeding
habitat for this species.

Importance within the
bioregion of the habitat to
these species or ecological
communities

Potential non-native
vegetation that forms foraging
habitat to be removed consists
of and small areas of mostly
planted exotic and native trees
from road verges, parks and
urban landscaped areas.

The area of foraging habitat to
be removed is negligible at a
bioregional scale. Similar or
higher quality foraging habitat
is readily available throughout
the surrounding locality and
wider bioregion.

Consequences of the
impacts for the local
and bioregional
persistence of the
species

Negligible.

Potential marginal
foraging habitat to be
removed does not
comprise a significant
proportion of foraging
habitat available to this
species in the
surrounding locality or
wider bioregion.

The loss of a small area
of potential foraging
habitat is not expected
to adversely impact the
persistence of this
species at a local nor
bioregional scale.

Powerful Owl
(Ninox strenua)

Loss of potential roosting
and foraging habitat
offered by exotic and
native plantings. This
small area of habitat
would be removed for the
establishment and
operation of construction
support sites and surface
works.

Potential non-native
vegetation that forms foraging
habitat to be removed consists
of small areas of mostly
planted exotic and native trees
from road verges, parks and
urban landscaped areas.

The area of foraging habitat to
be removed is negligible at a
bioregional scale. Similar or
higher quality foraging habitat
is readily available throughout
the surrounding locality and
wider bioregion.

Negligible.

Potential marginal
foraging habitat to be
removed does not
comprise a significant
proportion of foraging
habitat available to this
species in the
surrounding locality or
wider bioregion.

The loss of a small area
of potential foraging
habitat is not expected
to adversely impact the
persistence of this
species at a local nor
bioregional scale

Large Bent-
winged Bat
(Miniopterus
orianae
oceanensis)

Eastern Coastal
Free-tailed Bat
(Micronomus
norfolkensis)

Little Bent-
winged Bat
(Miniopterus
australis)

Loss of potential foraging
habitat associated with
native planted and exotic
trees that occur within
non-native vegetation.
This small area of habitat
would be removed for the
establishment and
operation of construction
support sites and surface
works at Wakehurst
Parkway.

Potential non-native
vegetation that forms foraging
habitat to be removed consists
of small areas of mostly
planted exotic and native trees
from road verges, parks and
urban landscaped areas.

The area of foraging habitat to
be removed is negligible at a
bioregional scale. Similar or
higher quality foraging habitat
is readily available throughout
the surrounding locality and
wider bioregion.

Negligible.

Potential foraging
habitat to be removed
does not comprise a
significant proportion of
foraging habitat
available to this species
in the surrounding
locality or wider
bioregion.

The loss of a small area
of potential marginal
foraging habitat is not
expected to adversely
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Species

Yellow-bellied
Sheathtail-bat
(Saccolaimus
flaviventris)

Nature, extent and
duration of short and

long-term impacts due
to non-native vegetation
removal

Importance within the
bioregion of the habitat to
these species or ecological
communities

Similar or higher quality
foraging habitat is readily
available throughout the
surrounding locality and wider
bioregion.

Consequences of the
impacts for the local
and bioregional
persistence of the
species

impact the persistence
of these species at a
local nor bioregional
scale.

Grey-headed
Flying-fox
(Pteropus
poliocephalus)

Loss of potential foraging
habitat offered by non-
native vegetation, where
planted exotic and native
trees that occur in road
verges and parks would
be removed for the
establishment and
operation of construction
support sites and surface
works at Wakehurst
Parkway.

The Balgowlah Grey-
headed Flying-fox camp is
not located in the subject
land, and therefore would
not be directly impacted
by the project. No non-
native vegetation from the
camp would be removed.

Low.

Potential non-native
vegetation that forms foraging
habitat to be removed consists
of small areas of mostly
planted exotic and native trees
from road verges, parks and
urban landscaped areas.

The area of foraging habitat to
be removed is negligible at a
bioregional scale. Similar or
higher quality foraging habitat
is readily available throughout
the surrounding locality and
wider bioregion.

Negligible.

Potential foraging
habitat to be removed
does not comprise a
significant proportion of
foraging habitat
available to this species
in the surrounding
locality or wider
bioregion.

The loss of a small area
of potential foraging
habitat is not expected
to adversely impact the
persistence of this
species at a local nor
bioregional scale.
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5.4.4 Impacts of development on the connectivity of different areas of habitat of
threatened species that facilitates the movement of those species across

their range

The majority of the project would be located underground, with surface connections and roads
works carried out at the Gore Hill Freeway, Balgowlah and the Wakehurst Parkway from Killarney
Heights to Frenchs Forest (Figure 1-1).

Impacts on habitat connectivity would be limited to where surface road works are proposed, and
where native vegetation would be removed for these surface works. Existing fauna habitat
connectivity at locations where surface road works are proposed is described in Table 5.15.

Table 5.15 Proposed surface road works

Proposed surface
road works

Existing fauna connectivity

Connections to and
from the Gore Hill
Freeway

Low.

The Gore Hill Freeway comprises a 10 lane freeway at this location, and the
road corridor is bound by fencing. The Gore Hill Freeway is a significant barrier
to fauna movement. Vegetation adjoining the freeway is limited to planted native
and exotic trees and mown lawn that offers low quality habitat to locally
occurring fauna species. Terrestrial fauna species would be largely absent from
these areas. Successful fauna crossings at this location would be limited to
highly mobile species of birds and bats.

Connections to and
from the Burnt Bridge
Creek Deviation
including surface
works at Balgowlah

Low.

The Burnt Bridge Creek Deviation comprises a six lane dual carriageway at this
location, and the road corridor is bound by fencing. The Burnt Bridge Creek
Deviation is a significant barrier to fauna movement. Vegetation adjoining the
freeway is limited to stands native and exotic trees and scattered shrubs that
offers low quality habitat to locally occurring fauna species. Terrestrial fauna
species would be largely absent from these areas; commonly occurring arboreal
mammals such as Common Ringtail Possum and Common Brushtail possum
may use habitat resources offered by this vegetation on occasion. Successful
fauna crossings at this location would be limited to highly mobile species of birds
and bats.

Connections to and
from the Wakehurst
Parkway at Killarney
Heights, including
realignment and
upgrade to the
Wakehurst Parkway to
Frenchs Forest

Moderate.

The Wakehurst Parkway comprises a two lane road at this location. Fully
structured native vegetation occurs within and adjoins the road corridor, and this
vegetation is continuous with larger tracts of native vegetation contained within
Garigal National Park (to the west) and Manly Dam Reserve (to the east).

There are three existing rope crossings located about 330 metres north of the
intersection of the Wakehurst Parkway/Kirkwood Street and 110 and 200 metres
south of the intersection of the Wakehurst Parkway/Aquatic Drive. The latter two
structures were provided as part of the Northern Beaches Hospital road upgrade
project. These rope crossings offer a safe crossing opportunity to locally
occurring arboreal mammals.

A diversity of fauna species would cross the Wakehurst Parkway to obtain food,
shelter, and/or breeding resources, or to disperse from natal areas or carry out
seasonal migrations. However, many of these crossings are unsuccessful and
result in vehicle strike, evidenced by roadkill that has been recorded along the
Wakehurst Parkway.

20 records of roadkill possums that could use the crossings have been recorded
since 1 January 2017 (www.wildlifemapping.org: accessed April 2020).

Other locally occurring fauna species may perceive the existing gap in habitat as
a barrier to movement, or may be deterred by edge effects, such as noise and
light associated with existing traffic volumes.
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Impacts on habitat connectivity and fauna movement would be greatest where surface road works
would be carried out along the Wakehurst Parkway between Killarney Heights and Frenchs Forest,
given that existing fauna connectivity is already limited in other areas of the subject land where
surface road works are proposed.

Northern Beaches Council is currently revising the Wildlife Corridor Mapping across the local
government area, which had not yet been adopted but both sides of the Wakehurst Parkway are
considered to be core habitat, with a priority 1 corridor mapped as occurring to the north of the
study area near the intersection with Warringah Road (Smith, B. (Team Leader, Biodiversity and
Planning, Northern Beaches Council) personal communication May 2020; Smith and Smith
(2005)).

The subject land occurs within an area mapped by Southern Sydney Regional Organisation of
Council and Sydney Coastal Councils Groups' Connected Corridors for Biodiversity project that is
included for its biodiversity connectivity value (Figure 3-1). It also includes in order of ecological
value: priority habitats, supporting habitats and supporting areas. Connectivity is greatest in the
northern part of the subject land, around Killarney Heights, on either side of the Wakehurst
Parkway.

The project would require the removal of native vegetation that currently occurs along the margin
of the Wakehurst Parkway. The gap between habitat on the eastern and western side of the
Wakehurst Parkway is currently about 12 to 15 metres. This gap would increase to about 35 to 40
metres in the southern portion of the Wakehurst Parkway, and about 18 to 20 metres in the
northern portion of the Wakehurst Parkway.

The Wakehurst Parkway is regularly traversed by many species of fauna, including some
threatened species (eg Rosenberg’s Monitor (Varanus rosenbergi)). Commonly recorded roadkill
along the section of Wakehurst Parkway within the subject land include Swamp Wallaby (Wallabia
bicolor), Brush-tail Possum (Trichosurus vulpecula), Long-nosed Bandicoot (Perameles nasuta)
and Echidna (Tachyglossus aculeatus) as summarised in SMEC (2011).

Impacts on smaller, more cryptic species are more difficult to document, since they are less likely
to persist long enough to be recorded and are therefore underrepresented in roadkill data (Santos
et al., 2011).

This increase in habitat fragmentation (ie a widened gap) could create a further barrier to fauna
movement between habitat to the east and west of the Wakehurst Parkway; some fauna species
could be deterred by a larger gap in habitat or could be more susceptible to vehicle strike while
crossing additional lanes of traffic. However, research into the relative impacts on wildlife of
increasing the width and traffic volume of existing roads, versus building new roads, and thus
having many smaller roads, versus one or two major roads suggest that in general, increasing the
volume and width of one or two larger roads is less likely to significantly impact wildlife (Rhodes et
al., 2014). The project includes the provision of a fauna exclusion fence along both the eastern and
western margin of the upgraded Wakehurst Parkway. This fauna exclusion fence would prevent
fauna from accessing the road and being subjected to vehicle strike. Vehicle strike risk to fauna is
discussed further in Section 5.4.6. The design specifications of the fauna exclusion fence would be
developed during further design development, and consideration would be given to designing the
fence to exclude small fauna species such as Eastern Pygmy-possum, from the road corridor. The
need for gates to manage any fauna on the roadside of fauna exclusion fence would also be
considered during the development of the design specifications and would be based on best
available knowledge from other Transport for NSW projects.

The fauna exclusion fence would also guide animals to move along the fence toward a number of
fauna underpasses that would be provided beneath the Wakehurst Parkway (Table 5.16). These
underpasses (ie concrete box culverts) would facilitate the safe crossing of fauna beneath the
road. Underpasses would be designed to convey surface water flows as well as facilitate fauna
crossings. These would include a raised bench on one side of the base of the culvert, to allow for
the dry passage of animals during periods of high flow, designed to be dry in a 1 in 10 year
Average Recurrence Interval (ARI). The dimensions and specifications of fauna underpasses
would be refined during further design development.
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The fauna exclusion fence would tie-in to new fauna fencing provided for the Northern Beaches
Hospital road upgrade project at the northern end of Wakehurst Parkway. Removal of the existing
fauna fencing installed as part of the Northern Beaches Hospital road upgrade project would be
avoided where possible in overlapping construction areas. Where this is not possible, temporary
fauna fencing would be installed during construction to ensure fauna are guided to existing
underpasses and away from construction areas and/or live traffic.

In addition, three new rope bridges would be provided to facilitate the safe crossing of arboreal
fauna above the road and three existing rope bridges would be replaced to allow for the widened
road as part of the project (Table 5.16). Two of these were are part of the Northern Beaches
Hospital Road road upgrade project (northernmost crossings (Figure 5-5)). The rope crossing
locations would also be refined during further design development, microsited for optimum usage
by fauna.

Any changes to design of underpasses and rope crossings would ensure the minimum
requirements for fauna crossings would be met in accordance with Wildlife Connectivity
Guidelines: Managing wildlife connectivity of road projects (draft) (Roads and Maritime, 2011).
Maintenance of any fencing and underpasses is critical to the efficacy of these measures and
would need to be detailed in an Operational Environmental Management Plan or existing
Environmental Management System that incorporates the project.

The indicative locations of fauna crossings are shown in Figure 5-5.

Table 5.16 Wakehurst Parkway fauna crossings

Chainage Indicative Target species that may use crossing structure

specifications of
proposed structure

Rope canopy bridge

2560 (replacement) | Single span rope canopy | Threatened Protected species
bridge suspended species Common Brushtail Possum
3140 across the dual Eastern Pygmy- Common Ringtail Possum
carriageway between possum (although | Sugar Glider
3600 poles on each side. The | to date, this Feathertail Glider
rope canopy bridge is to | species has not
4100 be linked to adjacent been known to

suitable habitat trees by | use rope bridges).
4750 (replacement) | fopes or ladders tied off
onto the support poles
and the trees. The rope
canopy bridge must
have a clearance of no
less than 10.6 m above
the road pavement

4900 (replacement)

surface
Fauna underpass
2925 Combined Protected species
drainage/fauna Commonly occurring reptiles
3230 underpass consisting of such as Red-bellied Black
a reinforced concrete Snake (Pseudechis
box culvert about 1.8 porphyriacus), Eastern Brown
metres high by 3 metres Snake (Pseudonaja textilis)

wide, containing a bench
for dry fauna passage
during high flow
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Chainage

Indicative
specifications of
proposed structure

Target species that may use crossing structure

4390

Combined
drainage/fauna
underpass consisting

of a reinforced concrete
box culvert about 2.4
metres high by 3 metres
wide, containing a bench
for dry fauna passage
during high flow

Threatened
species
Red-crowned
Toadlet
Rosenberg's
Goanna
Southern Brown
Bandicoot
Eastern Pygmy-
possum

and Diamond Python (Morelia
spilota).

Large terrestrial mammals
such as Swamp Wallaby
(Wallabia bicolor).

Small terrestrial mammals
such as Brown Antechinus
(Antechinus stuartii) and
Short Beaked Echidna
(Tachyglossus aculeatus).
Arboreal mammals that may
travel along the ground such
as Common Brushtail
Possum.

In addition to the specific fauna-crossing structures, a number of culverts that would be constructed
for drainage purposes may offer opportunities for smaller fauna species to cross beneath the road.
While these culverts do not specifically provide for fauna passage, and may be inundated following

rain, smaller terrestrial mammals, reptiles and amphibians may use these culverts on occasion.

Landscaping near fauna underpasses would be integral to their effectiveness and use by fauna

species. Planting of trees and shrubs at fauna underpass approaches would provide connectivity
between underpasses and adjacent fauna habitat that has been retained within the subject land.
Consideration should be given to planting of feed species for target species, such as banksias for
Eastern Pygmy-possum outside of any fauna fencing. Landscaping treatments within underpasses
could include the placement of mulch or gravel, rocks and ground timber that offer protection and

refuge to some fauna species.
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Figure 5-5 Proposed locations of fauna crossing structures (map a)
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Figure 5-5 Proposed locations of fauna crossing structures (map b)
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5.4.5 Impacts of development on water quality, water bodies and hydrological
processes that sustain threatened species and threatened ecological
communities

5.4.5.1 Marine and intertidal habitats

Construction of the crossing of Middle Harbour, between Northbridge and Seaforth, would involve
the installation of immersed tube tunnels that would sit partly within a gravel-lined, dredged tunnel
trench and partly on the harbour floor supported on piled foundations. The installation of two
temporary cofferdams at Middle Harbour south (BL7) and Middle Harbour north (BL8) would
involve piling and rock excavation. These construction activities have the potential to generate silt,
disturb and mobilise contaminated sediment and increase the turbidity of waters within and near
the subject land. These construction activities have the potential to result in a decrease in water
quality and degradation of marine and intertidal habitats, which may adversely impact foraging
habitat for threatened species that may use the habitats, including Little Penguin and White-bellied
Sea-Eagle, as discussed below.

In order to minimise the impact on the surrounding marine environment, the selected methodology
for the project has considered dredging methods and controls to limit the potential for turbidity
impacts and mobilisation of sediment. This includes:

¢ Installation of several silt curtains during dredging including:

— one secured to the dredge barge on a fixed or floating boom two to three metres deep
— deep draft silt curtains 12 metres deep situated at either side of the crossing where the
majority of the dredging occurs
— around sensitive areas of aquatic vegetation (ie seagrass beds) adjacent to the dredging
footprint
o Use of a closed environmental clamshell bucket to dredge the top layer of marine sediment

o Sediment loaded into hopper barges positioned next to the dredge with no overflow allowed.

Impacts on marine species and the marine environment within the subject land are assessed in
detail by Technical working paper: Marine ecology (Cardno, 2020b). This section considers
potential impacts of the project on threatened birds that may use marine habitats, including the
Little Penguin and White-bellied Sea-Eagle.

5.4.5.1.1 Little Penguin

As described in Section 3.6.2.4.15, Little Penguins have been recorded at several locations within
the assessment area, including The Spit, Long Bay, Sailors Bay, and in the main channel of Middle
Harbour (DPIE (EES), 2020a), where the species likely forages in shallow waters for small
shoaling fish, cephalopods, and to a lesser extent, crustaceans (NPWS, 2000).

The main threats to the Little Penguin population are those that affect nesting habitat at Manly,
located about six kilometres to the east from the project. This includes overdevelopment of the
foreshore, predation by dogs and foxes, movement, noise and light-related disturbance associated
with human activities, stormwater runoff and rubbish dumping. The project would not affect nesting
habitat for the Little Penguin at Manly.

Works within Middle Harbour (ie construction of the cofferdam, dredging and piling) would cause
an increase in turbidity and sedimentation of marine waters, in turn causing localised degradation
of potential foraging habitat for the Little Penguin. An increase in suspended sediment near
construction activities may adversely impact the occurrence and behaviour of fish and other prey
species of the Little Penguin, and adversely impact the health of the Little Penguin.

In order to minimise the impact on the surrounding marine environment, the selected methodology
for the project has considered dredging methods and controls to limit the potential for turbidity
impacts and mobilisation of sediment (as listed in Section 5.4.5.1).

Accordingly, any potential increase in turbidity and sedimentation of marine waters near
construction activities would be minimal, localised and temporary.
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The Little Penguin is known to forage widely throughout Sydney Harbour, and the impact of any
temporary and localised reduction in foraging habitat or water quality near the project would be
negligible. Upon completion of construction and during operation, the marine benthic environment
would be rehabilitated, and the project is not expected to cause any further turbidity or
sedimentation of marine waters. Construction works within Middle Harbour (ie installation of the
cofferdams, dredging and piling) would generate noise that would be transmitted through seabed
sediments and the water column. Construction-related underwater noise may be impulsive or
continuous, and the propagation of noise would be strongly influenced by water depth and
proximity of the source of the noise to the mainland or small islands. The various headlands and
islands that are located within and near the subject land, such as Seaforth Bluff, The Spit, Fig Tree
Point, Sugarloaf Point and Yeoland Point, are expected to reduce or block acoustic energy that
would otherwise propagate through Middle Harbour (JASCO, 2019).

The duration of construction-related underwater noise (noting some activities would be occurring
concurrently, and the frequency of noise intensive activities would vary) is expected to be:

e About 12 to 15 months for the installation of temporary cofferdam structures (including
dewatering and excavation of rock within cofferdam and trench) at Middle Harbour south
cofferdam (BL7) and Middle Harbour north cofferdam (BL8)

e About 15 months for dredging and gravel placement
¢ About six months for tunnel element immersion.

The installation of the immersed tube tunnels would occur 24 hours a day, seven days a week.
Dredging activities would be carried out five days a week within normal construction hours.
Although sound conduction mechanisms in aquatic birds such as the Little Penguin are poorly
understood (Ketten, 2008; McCauley and Kent Salgado, 2008), it is expected that construction
related underwater noise would be perceived by the species, within a certain distance from
construction activities.

An acoustic modelling study of underwater sound generated from installing piles and dredging
(JASCO, 2019) has identified potential impacts on marine fauna. This study was unable to provide
a specific assessment for the Little Penguin due to a lack of scientific studies or literature
pertaining to acoustic impacts on the species and therefore a precautionary approach has been
applied for the purposes of this assessment. Impulsive or continuous underwater noise as a result
of the project may result in altered behaviour of the Little Penguin. The species may avoid foraging
in areas subjected to continuous or high levels of sound. Sudden or high levels of sound may have
the potential to result in hearing loss or damage to auditory tissues in the Little Penguin. The
potential for an impact to occur and the scale or nature of impact would depend on an individual
penguin’s proximity to construction activities, lessening as distance from construction activities
increases. Given the level of construction activity proposed in the harbour, it is expected that
individuals of the species would avoid the area reducing the risk of hearing loss and/or auditory
damage occurring. As detailed in the environmental impact statement, piling programs would be
refined during further design development to consider reasonable and feasible alternatives,
attenuating mitigation methods including trained spotters who would limit works if required and
programming to minimise underwater noise.

Upon completion of construction and during operation, the project is not expected to cause
alterations in foraging behaviour nor physical injury.

5.4.5.1.2 White-bellied Sea-Eagle

As described in Section 3.6.2.4.10, White-bellied Sea-Eagle species was not recorded during field
surveys, however, has been previously recorded throughout Middle Harbour (DPIE (EES), 2020a),
where the species may forage for fish, turtles and sea snakes in the marine waters of Sydney
Harbour.

The main threats to the White-bellied Sea-Eagle are the loss of habitat due to land development,
and the disturbance of nesting pairs by human activity. The project would not directly affect any
known nesting habitat, nor does it involve any construction or operational activities that are likely to
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disturb nesting pairs. The closest known nesting site is located in Newington Nature Reserve, next
to the Parramatta River and about 15 kilometres south-east of the project.

Construction of the crossing of Middle Harbour, between Northbridge and Seaforth, would involve
the installation of immersed tube tunnels. The installation of two temporary cofferdams (Middle
Harbour south and Middle Harbour north cofferdams) would involve dredging of the sea floor, piling
and rock excavation.

Works within Middle Harbour (ie installation of the cofferdams and dredging) would cause an
increase in turbidity and sedimentation of marine waters, in turn causing localised degradation of
potential foraging habitat for the White-bellied Sea-Eagle. An increase in suspended sediment near
construction activities may adversely impact the occurrence and behaviour of fish and other prey
species. However, the selected methodology for the project has considered dredging methods and
controls to limit the potential for turbidity impacts and mobilisation of sediment, in order to minimise
the impact on the surrounding marine environment. This includes, but is not limited to, the
installation of floating silt curtains and other management measures listed in Section 5.4.5.1.
Accordingly, any potential increase in turbidity and sedimentation of marine waters near
construction activities would be minimal, localised and temporary.

Foraging conditions for the White-bellied Sea-eagle in Middle Harbour are poor due to existing high
levels of on-water activity. The project would increase the levels of on-water activity in Middle
Harbour with additional vessels and cofferdam structures. This relatively small increase in on-water
activity as a result of the project would contribute to the existing poor foraging conditions for the
species. However, impacts are anticipated to be very minor or negligible.

Upon completion of construction and during operation, the project is not expected to adversely
impact foraging habitat that occurs within the subject land.

5.4.5.1.3 Threatened shorebirds and wandering seabirds

The subject land does not support preferred habitat of threatened shorebird or wandering seabird
species identified during database searches (listed in Annexure A). No threatened shorebird or
wandering seabird species were determined to have a high likelihood of occurrence in the subject
land. The project is unlikely to adversely impact threatened shorebird or wandering seabird species
identified during database searches.

5.4.5.2 Freshwater habitats

The project transects several waterways; Flat Rock Creek (Artarmon and Northbridge), Burnt
Bridge Creek (Balgowlah) and a number of unnamed watercourses near the Wakehurst Parkway
(Killarney Heights to Frenchs Forest). The catchments of four other waterways fall within the
subject land; Willoughby Creek, Manly Creek, Manly Dam and Trefoil Creek. Potential impacts of
construction and operation of the project include changes in water quality and surface flows in
waterways that offer potential habitat to threatened species such as the Red-crowned Toadlet.

Instream works have been proposed within an existing aboveground watercourse within the
northern extent of Flat Rock Reserve and Burnt Bridge Creek. The existing aboveground
watercourse within the northern extent of Flat Rock Reserve would be diverted for around 100
metres through a newly constructed culvert at the north eastern perimeter of the Flat Rock Drive
construction support site (BL2). The culvert may be temporary or permanent pending
council/community preferences and final end use of Flat Rock Reserve. Burnt Bridge Creek would
undergo localised adjustment to facilitate an extension of the existing box culvert crossing of the
Burnt Bridge Creek Deviation further into the existing Balgowlah Golf Course. Scour protection
would also be installed at the downstream limit of the culvert works.

The project would also impact the Balgowlah Golf Course stormwater harvesting dam as part of
constructing the new access road between Sydney Road and Burnt Bridge Creek Deviation. The
Balgowlah Golf Course stormwater harvesting dam would initially be retained and maintained for
construction water and for irrigation of Balgowlah Oval by Northern Beaches Council. As
construction progresses the stormwater harvesting dam would be dewatered and filled in. As
discussed in Annexure D, the stormwater harvesting dam is unlikely to provide habitat for native
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fish. Notwithstanding, dewatering procedures would be implemented in the event that native
aquatic fauna are encountered to ensure any potential impacts are minimised.

A summary of the potential impacts of construction and operation on surface water are described
in detail in Technical working paper: Surface water quality and hydrology (Jacobs, 2020a). A
summary of these potential impacts and their relevance to freshwater habitat is provided in Table

5.17.

Table 5.17 Potential impacts on freshwater habitats

Potential impact

Construction of the project

Operation of the project

Reduction in
water quality

Unmanaged construction activities (such
as earthworks, relocation of utilities and
removal of vegetation) could result in:
soil erosion, siltation and off-site
movement of eroded sediments by
stormwater, contributing to increased
levels of turbidity and sediment
deposition, decreased dissolved oxygen,
and changed pH levels in waterways. In
addition, accidental fuel and chemical
spills and contaminated runoff from
construction vehicles, plant, equipment
or chemical storage areas have the
potential to reach downstream
waterways, including Willoughby Creek,
Flat Rock Creek, existing aboveground
watercourse within the northern extent of
Flat Rock Reserve, Burnt Bridge Creek,
Manly Creek, Manly Dam and Trefoll
Creek and a number of unnamed
watercourses near the Wakehurst
Parkway.

An increase in impervious surfaces
would likely result in an increased
volume of runoff, which would lead to
increased scouring, erosion and
sedimentation. Runoff may carry
increased sediment loads and nutrients
(such as nitrogen and phosphorus) to
downstream waterways such as Flat
Rock Creek, Burnt Bridge Creek, Manly
Creek, Manly Dam and Trefoil Creek.

Change in
surface flows

Water extraction from surface waters is
not proposed during construction.
Surface water availability and flows have
the potential to be reduced as a result of
groundwater drawdown during
construction of the project. Technical
working paper: Groundwater (Jacobs,
2020b) predicts maximum groundwater
baseflow reductions following 100 years
of operation (see adjacent cell for
values).

It should be noted that the groundwater
modelling in Jacobs (2020b) is based on
the worst case scenario of no tunnel
linings, and that groundwater drawdown
impacts would be reduced if the tunnels
are lined.

Technical working paper: Groundwater
(Jacobs, 2020b) predicts maximum
groundwater baseflow reductions at Flat
Rock Creek of 84.7 kilolitres per day,
equating to a total flow reduction of 39
per cent, after 100 years of operation.
Operational wastewater treatment plant
discharges to Flat Rock Creek may offset
this impact.

The maximum predicted baseflow
impacts to Quarry Creek during
construction would be a reduction of 11.4
kilolitres per day, equating to a total flow
reduction of 69 per cent; at Burnt Bridge
Creek it would be 16.8 kilolitres per day,
equating to a total flow reduction of 96
per cent; and at Manly Dam it would be
1.2 kilolitres per day, equating to a total
flow reduction of 2 per cent, after 100
years of operation.

Willoughby Creek, Manly Creek and
Trefoil Creek would be unaffected or
negligibly affected by changes to
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Potential impact

Construction of the project

Operation of the project

baseflow as a result of groundwater
drawdown.

freshwater and
riparian habitat

instream habitat would be removed for
the localised adjustment and drainage
works at Burnt Bridge Creek and the
existing aboveground watercourse within

the northern extent of Flat Rock Reserve.

The removal of riparian vegetation and
instream habitat at both creeks has the
potential to impact bank stability and
surface water quality if environmental
management measures are not
implemented.

Changes to the Treated water discharges from Changes to the geomorphology of other
geomorphology of | construction wastewater treatment plants | watercourses from surface water runoff
watercourses have the potential to impact creek during operation of the project is
channel bed and bank conditions due to considered negligible, given that project
changes in baseline volumes and stormwater discharges would be via the
velocities. stormwater network. Drainage works
would be designed to prevent scouring of
creeks and drainage lines.
The project would result in temporary The project would have a negligible
minor changes in creek flows and operational impact on the
velocities within Burnt Bridge Creek geomorphology of Burnt Bridge Creek.
downstream of the project during creek
localised adjustment works. Works would
be staged to ensure creek flows and
velocities are not significantly changed
and to avoid downstream erosion and
bed and bank stability impacts.
Mobilised sediment could build up in the
waterways in and downstream of the
subject land.
Impermeable surfaces created by the
project would lead to increases in the
volume and rate of runoff, which could
cause erosion within the instream
channel. Scour protection would be
installed at the limit of culvert works.
Loss of A small area of riparian vegetation and Rehabilitation and revegetation of

disturbed riparian vegetation would occur
progressively during construction. The
instream works are anticipated to have a
minimal and localised impact to instream
freshwater habitats during operation.

Potential impacts of construction activities on water quality and surface flows would be managed
by the implementation standard management environmental management measures as outlined in
Technical working paper: Surface water quality and hydrology (Jacobs, 2020a) and Annexure D
(Freshwater Ecology Impact Assessment (Cardno 2020)), including erosion and sediment controls
for all work sites and surface work areas. Water treatment devices, such as construction sediment
basins, would be located where they collect a high proportion of sediment-laden runoff from
disturbed areas of the construction. With the implementation of appropriate measures during
construction, impacts to water quality would be temporary and manageable.

Discharges from the wastewater treatment plants during construction and operation would be
designed to treat the wastewater to comply with the ANZECC/ARMCANZ (2000) default trigger
values for physical and chemical stressors for estuarine and lowland river ecosystems and the
90/95 per cent species protection levels for toxicants when designing wastewater treatment plants
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for construction/operation respectively. For toxicants known to bioaccumulate, the 95/99 per cent
species protection level will be adopted for construction/operation respectively.

As noted in Table 5.17, during construction and operation there would be potential baseflow
reductions to Flat Rock Creek, Quarry Creek and Burnt Bridge Creek would affect surface
environmental water availability and flows to these waterways.

During construction, baseflow would not be reduced completely and given the changes to
baseflows during the construction period would be expected to be within natural ranges, there
would be minor impact only to aquatic ecology. In addition, it is expected that the additional creek
flows from treated water from the construction wastewater treatment plants could partially feed the
surrounding groundwater system.

Reductions during operation could be considered significant, in particular for Burnt Bridge Creek
and Quarry Creek. However, they are unlikely to result in a complete loss of aquatic habitat. Pools
would be retained in these waterways and there would still be high flows immediately after rainfall
events. Between rainfall events there would still be some (low) flow along the waterways. Outside
of the pool areas, substantially reduced flows between rainfall events would be expected to alter
assemblages of freshwater biota in these creeks to generally include only those species that are
most tolerant to low flows. Potential operational impacts to Flat Rock Creek are likely to be offset
by the Gore Hill Freeway operational wastewater treatment plant discharges to Flat Rock Creek.

While the potential impacts to baseflow reductions may be overestimated due to conservatism in
the modelling, additional monitoring of surface water flows and groundwater levels in the vicinity of
Flat Rock Creek, Quarry Creek and Burnt Bridge Creek would be undertaken to support refined
assessment and develop suitable design mitigation measures during further design development.

5.4.5.2.1 Red-crowned Toadlet

One threatened fauna species, Red-crowned Toadlet, is considered highly likely to occur in the
northern extent of the subject land, as the species was previously recorded for the Northern
Beaches Hospital road upgrade project (SMEC, 2015), directly adjacent to the subject land, in
similar habitat. Accordingly, this species is assumed to be present in areas of suitable habitat
adjoining the Wakehurst Parkway, which consist of several unnamed and unmapped ephemeral
freshwater streams. These first-order ephemeral streams are likely to provide sheltering, foraging
and breeding habitat for the Red-crowned Toadlet. Rocks and logs within adjoining riparian
vegetation (mainly open forest) offer sheltering habitat outside of the breeding period. Red-
crowned Toadlets require acidic conditions for tadpole development and metamorphosis, and
temporary pools often dry up before metamorphosis is complete. Changes in water quality have
been blamed for loss of this species as a result of urban development (Thumm and Mahony,
1999).

Two areas of potential habitat have been identified in the subject land as shown in Figure 3-8.

During construction, road works and vegetation removal along the Wakehurst Parkway could
increase the risk of erosion and sedimentation within the surrounding waterways that offer potential
habitat to Red-crowned Toadlet. However, standard sediment and erosion controls would be
installed before and maintained throughout the construction period, minimising potential adverse
impacts of construction on potential habitat for the species.

The catchments associated with the Red-crowned Toadlet are very small and sit at the top of the
ridge. Erosion and sediment control measures to be installed in this area would be temporary and
are unlikely to change the wet/dry cycles of the surrounding waterways that offer potential habitat
to Red-crowned Toadlet. During operation, the road catchment at the southern-most area of
habitat (as shown in Figure 3-8) would be increased by eight per cent during operation. As a result
of this increase, the project is likely to have a negligible to minor impact on the wet/dry cycle of the
drainage line with a potential minor increase in baseflow.

Water quality treatments are not proposed within the road catchment at the northern end of the
Wakehurst Parkway, as part of this project, where the project overlaps with Northern Beaches
Hospital road upgrade project. Wet/dry cycles around the Red-crowned Toadlet habitat in this area
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are therefore not likely to change substantially as there currently are no water quality controls.
Adverse impacts to the Red-crowned Toadlet as a result of changes to hydrology are unlikely.

No water quality treatment is currently provided along the Wakehurst Parkway. Road runoff is
currently collected through natural drainage lines before reaching Middle Harbour to the west and
Manly Dam to the east (Jacobs, 2020a). The project would include the provision of water quality
control measures along the Wakehurst Parkway, including swales and water quality basins.
MUSIC model results for the Wakehurst Parkway stormwater catchments (Jacobs, 2020a) show
that the project would result in an overall beneficial water quality outcome with a reduction in
annual suspended solid and phosphorous loads, but an increase in total annual nitrogen loading of
188 kilograms per year for the overall combined Wakehurst Parkway catchments. The increase in
nitrogen downstream of the proposed water quality basin at chainage 4250, above the identified
potential breeding habitat for Red-crowned Toadlet, would be 44 kilograms per year. These figures
may either reduce or become a decrease change during further design development, subject to
further testing.

The project operational water quality design targets would not be achieved at the Wakehurst
Parkway as this would require additional land acquisition, clearing of native vegetation and fencing
requirements near publicly accessible areas. It would also require higher treatment efficiency
controls such as biofiltration swales which would not be possible due to topographical constraints.

Some assumptions in the water quality model are conservative in the absence of field tests, which
would be carried out during further design development. For instance, the assumed exfiltration
rates for the basins and swales is assumed to be nil. The increase in total nitrogen load that is
predicted for the project may reduce if field tests confirm that a small exfiltration rate exists for the
sub-soils (Jacobs, 2020a).

Based on these results, it was concluded that the operation of the project at the Wakehurst
Parkway would not decrease the water quality of nearby ephemeral and unnamed freshwater
waterways, nor Garigal National Park drainage lines, Bantry Bay, Manly Dam or Manly Creek
(Jacobs, 2020a).

Given that potential construction impacts on Red-crowned Toadlet habitat would be managed by
the implementation of standard management and environmental management measures as
outlined in Technical working paper: Surface water quality and hydrology (Jacobs, 2020a), and that
water quality of Red-crowned Toadlet habitat is unlikely to be significantly impacted during
operation of the project, adverse impacts on potential Red-crowned Toadlet habitat are unlikely.

5.4.6 Impacts of vehicle strikes on threatened species or on animals that are part of
a threatened ecological community

The susceptibility of threatened fauna species known or considered highly likely to occur in the
subject land to vehicle strike is summarised in Table 5.18. No threatened ecological communities
that are specific to fauna are within or adjacent to the subject land.

Table 5.19 summarises the impacts of the project on habitat connectivity and the movement of
fauna.
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Table 5.18 Threatened fauna species susceptible to vehicle strike

Species

Home range

Likelihood of vehicle strike

Reptiles

Red-crowned Toadlet
(Pseudophryne
australis)

Around 50 metres from ephemeral
drainage lines suitable for breeding
(Thumm and Mahony, 1999).

Moderate. A slow-moving species that is
unlikely to be able to evade vehicles
quickly. However, unlikely to travel large
distance from preferred habitat (ie
ephemeral drainage lines). This is a very
small species that would be difficult to
detect during any survey of roadkill
(Santos, Carvalho and Mira, 2011).

Rosenberg's Goanna
(Varanus rosenbergi)

At least 100 hectares (Rismiller et.
al., 2007)

High. A slow-moving species that is
unlikely to be able to evade vehicles
quickly. Feeds on carrion, and may
forage for roadkill occurring on the road
or road verge. Given home range size,
they are likely to be rare in the
landscape, however any strike is likely to
impact the local population, due to low
numbers.

Mammals

Eastern Pygmy-possum
(Cercartetus nanus)

Average for females: 0.38 hectares
Average for males: 0.68 hectares,
but up to 19.50 hectares (Law et.
al., 2013)

Moderate. A semi-arboreal species but is
known to traverse along the ground. This
species is also likely to be under-
represented in roadkill data.

Southern Brown
Bandicoot (eastern)
(Isoodon obesulus
obesulus)

0.5-9 hectares, individuals can go
several hundred metres at a time
within that range, as summarised in
Li et. al., (2015)

Moderate. Likelihood is increased if road
transects home range of an individual,
which would be at risk of vehicle strike
during nocturnal foraging activities

There are few accounts of individual roadkill specific to the species listed in Table 5.18, however
larger, more conspicuous species such as possums and swamp wallabies are regularly recorded
as roadkill along the Wakehurst Parkway (eg there are at least 20 records of roadkill possums that
could use the crossings recorded since 1 January 2017 (www.wildlifemapping.org: accessed April

2020).

The four threatened species (Table 5.18) that could potentially be at risk of vehicle strike are likely
to be more difficult to detect and their remains more likely to be removed before detection than
conspicuous, common species (Santos, Carvalho and Mira, 2011), however impacts from vehicle
strike are possible for all of these species and mitigation to reduce vehicle strike should be
implemented. This is detailed in Section 6.
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Table 5.19 Impacts on habitat connectivity and the movement of threatened species

Species

Amphibians

Areas of
connectivity and
movement
requirements

Nature, extent and duration of
short and long-term impacts
to connectivity

Importance of the area of
connectivity within the bioregion

Consequences of the impacts for the
local and bioregional persistence of the
species

Red-crowned

Native vegetation

Realignment and upgrade of the

The Wakehurst Parkway is

Minimal.

The habitat gap is currently
about 12 to 15 metres. This gap
would increase to about 35 to 40
metres in the southern portion of
the Wakehurst Parkway, and
about 18 to 20 metres in the
northern portion of the
Wakehurst Parkway.

the west, and Manly Dam Reserve
to the east.

The species may attempt to cross
the Wakehurst Parkway to access
foraging, breeding habitat, or to find
mates or disperse from their natural
range.

Toadlet occurring to the east | Wakehurst Parkway would currently a barrier to fauna Though the project would increase the
(Pseudophryne and west of the require the permanent removal movement between a large area of | gap between areas of habitat along the
australis) Wakehurst Parkway | of habitat currently adjoining the | habitat in Garigal National Park to Wakehurst Parkway, there would be no
road. The habitat gap is the west, and Manly Dam Reserve | additional barriers to movement.
currently about 12 to 15 metres. | to the east. Underpasses that combine drainage and
This gap would increase to The species may attempt to cross fauna movements would be provided
about 35 to 40 metres in the the Wakehurst Parkway to access beneath the Wakehurst Parkway,
southern portion of the foraging, breeding habitat, or to find | facilitating the safe crossing of fauna
Wakehurst Parkway, and about | mates or disperse from their natural | beneath the road.
18 to 20 metres in the northern range.
portion of the Wakehurst
Parkway.
Reptiles
Rosenberg's Native vegetation Widening of the Wakehurst The Wakehurst Parkway is Minimal.
Goanna occurring to the east | Parkway would require the currently a barrier to fauna Fauna exclusion fencing to be installed
(Varanus and west of the permanent removal of habitat movement between a large area of | would prevent fauna from accessing the
rosenbergi) Wakehurst Parkway | currently adjoining the road. habitat in Garigal National Park to road and being subjected to vehicle strike.

The fauna exclusion fence should also
guide animals to move along the fence
toward a number of underpasses that will
be provided beneath the Wakehurst
Parkway, facilitating the safe crossing of
fauna beneath the road.
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Areas of
connectivity and
movement
requirements

Species

Mammals

Nature, extent and duration of
short and long-term impacts
to connectivity

Importance of the area of
connectivity within the bioregion

Consequences of the impacts for the
local and bioregional persistence of the
species

Eastern Pygmy- Native vegetation

possum occurring to the east
(Cercartetus and west of the
nanus) Wakehurst Parkway

Southern Brown Native vegetation

Bandicoot occurring to the east
(eastern) and west of the
(Isoodon obesulus | Wakehurst Parkway
obesulus)

Widening of the Wakehurst
Parkway would require the
permanent removal of habitat
currently adjoining the road.

The habitat gap is currently
about 12 to 15 metres. This gap
would increase to about 35 to 40
metres in the southern portion of
the Wakehurst Parkway, and
about 18 to 20 metres in the
northern portion of the
Wakehurst Parkway.

The Wakehurst Parkway is
currently a barrier to fauna
movement between a large area of
habitat in Garigal National Park to
the west, and Manly Dam Reserve
to the east.

The species may attempt to cross
Wakehurst Parkway to access
foraging, breeding habitat, or to find
mates or disperse from their natal
range.

Minimal.

Fauna exclusion fencing to be installed
would prevent fauna from accessing the
road and being subjected to vehicle strike.
The fauna exclusion fence should also
guide animals to move along the fence
toward a number of underpasses that
would be provided beneath the Wakehurst
Parkway, facilitating the safe crossing of
fauna beneath the road. It would be
designed to facilitate Eastern Pygmy-
possum crossing and to prevent the
species from entering the road. A number
of rope canopy bridges will be provided to
facilitate the safe crossing of arboreal
fauna above the road, though it is
unknown if this species would utilise rope
bridges.

Minimal.

Fauna exclusion fencing to be installed
would prevent fauna from accessing the
road and being subjected to vehicle strike.
The fauna exclusion fence should also
guide animals to move along the fence
toward a number of underpasses that will
be provided beneath the Wakehurst
Parkway, facilitating the safe crossing of
fauna beneath the road.
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5.5 Impacts on Matters of National Environmental Significance

Four Matters of National Environmental Significance are known or considered highly likely to occur
in the subject land: Syzygium paniculatum, Large-eared Pied Bat and Grey-headed Flying-fox were
recorded in the subject land, while White-bellied Sea-Eagle is considered highly likely to occur in
Middle Harbour. An additional Matter of National Environmental Significance, Coastal Upland
Swamps in the Sydney Basin Bioregion, does not occur within the subject land but may be
impacted by water table drawdown as a result of the project. Significant Impact Assessments have
been completed for these matters and are provided in Annexure E.

The Significant Impact Assessment for Syzygium paniculatum concluded that the project would not
have a significant impact on the species. The removal of one individual of the species from an area
of disturbed habitat next to the Wakehurst Parkway does not comprise a significant proportion of
the local population of the species or of its habitat in the surrounding locality.

The Significant Impact Assessment for White-bellied Sea-Eagle found that impacts to this species
are not likely to be significant due to the small amount of potential foraging habitat that would be
temporarily removed (due the construction of temporary cofferdams). This habitat would be
reinstated upon the completion of construction.

The Significant Impact Assessment for Large-eared Pied Bat found that impacts to this species are
not likely to be significant due indirect impacts to adjacent breeding habitat being temporary in
nature and unlikely to lead to population decline. The project would remove approximately 13.68
hectares of potential foraging habitat for the species adjacent to the Wakehurst Parkway and the
Burnt Bridge Creek Deviation. This habitat is subject to edge effects from the adjacent roads and,
in the case of the Burnt Bridge Creek Deviation, residential development and the Balgowlah Golf
Course. Its removal does not comprise a significant proportion of foraging habitat available to the
species in the surrounding locality.

The Significant Impact Assessment for Grey-headed Flying-fox concluded that the project would
not have a significant impact on the species. The removal of 24.05 hectares of vegetation, which
contains varying abundance of the blossom and fruit trees that form part of the Grey-headed
Flying-fox diet, does not comprises a significant proportion of foraging habitat available to the
species in the surrounding locality. The Balgowlah Grey-headed Flying-fox camp is located in the
vegetated area between Balgowlah Road and Burnt Bridge Creek Deviation, around 120 metres
from the subject land. The project would not directly impact the camp as the camp is located
outside of the subject land and no habitat would be removed from the camp.

The construction noise assessment identified that predicted construction noise at the camp would
be similar to, or less than, noise levels generated by existing day time road traffic noise on the
Burnt Bridge Creek Deviation. Some noise generating construction activities would result in worst
case noise levels that would exceed existing day time road traffic noise levels on the Burnt Bridge
Creek Deviation, as identified in Table 5-9. These activities include:

¢ Burnt Bridge Creek Deviation surface works (northbound)
¢ Burnt Bridge Creek Deviation surface works (southbound)
¢ Kitchener Street construction support site (BL11).

Construction noise impacts would be minimised by the following measures:

¢ Mitigation measures such as quieter construction methods or the use of temporary noise barriers
in close proximity to the construction activities will be used wherever feasible and reasonable to
minimise noise impacts to the Grey-headed Flying-fox camp. For the Kitchener Street
construction support site (BL11), the arrangement of the site layout would maximise acoustic
shielding (ie locations of site sheds, offices and fixed structures) to minimise noise impacts from
within the site to the direction of the Grey-headed Flying-fox camp.

o Where feasible and reasonable, noise intensive works with the potential of impacting the Grey-
headed Flying-fox camp (ie demolition involving rock hammering or resurfacing works) will be
programmed to avoid September to February.
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¢ Where works cannot be avoided, reasonable and feasible management measures would be
deployed in consultation with a suitability qualified ecologist and a monitoring plan implemented.
The monitoring plan would involve behavioural monitoring at the camp during noisy activities by
a suitability qualified ecologist, with mechanisms to stop work should adverse behaviours be
observed.

The species could disperse to other camps in the surrounding locality if sufficiently disturbed by
construction noise, although this would be unlikely, given that predicted construction noise impacts
should be similar to existing noise levels, and measures are proposed to minimise noise impacts. If
the species does disperse to alternative camps, Grey-headed Flying-foxes could re-occupy the
Balgowlah camp during times of low construction noise, and/or upon the completion of construction
of the project. The project is unlikely to introduce diseases or invasive species that would impact
this species. As such the project does not require referral to DAWE in accordance with the EPBC
Act.

The Significant Impact Assessment for Coastal Upland Swamps in the Sydney Basin Bioregion
concluded that the project would not have a significant impact on this TEC. The project would not
result in clearing of any areas of Coastal Upland Swamp, and most indirect impacts are also
unlikely given that the mapped areas of the TEC are not in proximity to any surface works. Two
areas mapped as the community are located above areas of predicted minor water table drawdown
and may be subject to adverse impacts from the lowering of the groundwater table beneath them.
The extent of groundwater dependence of both of these areas of Coastal Upland Swamp, or their
connectivity to other areas of groundwater, is not known and therefore the impacts from water table
drawdown are uncertain.

It is unlikely that water table drawdown of less than one metre would result in impacts to most of
the area of the patches of Coastal Upland Swamps to the west of the subject land in Garigal
National Park; it is possible that some areas at the upslope edges of the patches could be affected
in the event of prolonged low rainfall periods. Water table drawdown of less than one metre may
occur beneath the small (0.07 hectare) area of Coastal Upland Swamp identified north of Bantry
Bay Oval, about 135 metres south-east of the subject land. The hydrology of this patch is currently
substantially modified. Due to its small size, urbanised context and modified floristics, including
numerous weedy exotic species, impacts to this area of Coastal Upland Swamps are not
considered to be significant. As such the project does not require referral to DAWE in accordance
with the EPBC Act.

Sixty-four other threatened fauna species listed under the EPBC were identified as known or
considered likely to occur in the subject land (as listed in Annexure A). The removal of flowering
and fruiting trees, shrubs and ground layer vegetation as part of the project would result in the
negligible loss of potential foraging and sheltering habitat to a number of threatened fauna species
listed under the EPBC Act that are known or considered likely to occur in the subject land. The
extent of terrestrial fauna habitat to be removed (around 15.08 hectares of PCTs and 6.52 hectares
of other vegetation such as native plantings, urban native/exotic and native revegetation) does not
comprise a substantial portion of foraging habitat available in the wider locality. Large