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Abbreviations
Abbreviation

Description

APZ

Asset Protection Zone

BA

Bushfire Assessment

CEEC

Critically Endangered Ecological Community

CFSF

Coastal Freshwater Swamp Forest

DA

Development Application

ELA

Eco Logical Australia

EPBC Act

Environmental Protection and Biodiversity Conservation Act 1999

ESCP

Erosion and Sediment Control Plan

FFA

Flora & Fauna Assessment

FW

Freshwater

LCA

Local Control Authority

LGA

Local Government Area

MZ

Management Zone

NW Act

Noxious Weeds Act 1993

TOB

Top of Bank

TS

Tube stock

TSC Act

Threatened Species Conservation Act 1995

VMP

Vegetation Management Plan

WM Act

Water Management Act 2000

WoNS

Weeds of National Significance
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1

Introduction

This vegetation management plan (VMP) has been prepared by Eco Logical Australia Pty Ltd (ELA) on
behalf of Urbis for the proposed subdivision, aged care facility and residential townhouses at 23-27
Warriewood Road, Warriewood. This site is located within the Northern Beaches Council (Pittwater).
1.1

Ba c kg roun d

The study area (2.53 ha) comprising 3 lots, Lot 29 DP 5464, Lot 28 DP5464 and Lot 27 DP 5464 is located
in the suburb of Warriewood on the northern beaches of Sydney. The site is bounded by Narrabeen
Creek to the West, Warriewood Road to the East, Macpherson Street to the South and adjoining
properties to the North (Figure 1). The site falls in the Northern Beaches Local Government Area (LGA).
On 12 May 2016, the NSW Government amalgamated Pittwater, Warringah and Manly councils to form
the Northern Beaches Council. Existing environmental planning instruments remain in force until they are
repealed. Therefore the Pittwater Council Local environmental Plan 2014 (LEP) and Development Control
Plan (DCP) still apply to this study area.
Lot 29 DP 5464, Lot 28 DP5464 and Lot 27 DP 5464 are zoned R3: Medium Density Residential under
the Pittwater Council LEP. The land is currently being used as rural residential.
Clause 7.6 of the LEP outlines a number of matters which must be taken into consideration before consent
is granted to a development application on land identified as “Biodiversity” on the Terrestrial Biodiversity
Map. The riparian corridor of Narrabeen creek to the west of the development area (Figure 1) is mapped
as “Biodiversity” under the Pittwater LEP.
The study area is also subject to clause 6.1 of the Pittwater LEP pertaining to development within the
Warriewood Valley Release Area. An objective of the clause is to ensure that development in that area
does not adversely impact on waterways and creek line corridors, protects existing native riparian
vegetation and rehabilitates the creek line corridors. This clause will be addressed in the VMP by the
rehabilitation of the creek line corridor within the study area.
Under the Water Management Act 2000 (WM Act) if works are carried out within 40 m of the Top of Bank
(TOB) of a stream, a controlled activity approval will be required by the Department of Primary Industries
(DPI) Water. The study area is therefore subject to the DPI’s Guidelines for riparian corridors on
waterfront land. The DPI Water guidelines advise that for a 2nd order stream, the Vegetated Riparian
Corridor (VRC) required is 20m from the top of bank (DPI Water 2012).
The proposed works are also subject to the DPI-Water guidelines for Vegetation Management Plans on
waterfront land. The restoration or rehabilitation of the riparian corridor is a requirement of the controlled
activity approval when a proposed controlled activity disturbs the riparian corridor. A VMP details how the
restoration or rehabilitation will be carried out.
1.2

O bj ect iv e s of t he Ve g et a t io n M ana ge me nt Pl an

The overall objective of the VMP is to provide a stable watercourse and riparian corridor which will emulate
and enhance the local native vegetation community. The maintenance period will run for five years or
until the objectives and performance criteria outlined in this VMP are met. The objectives for the VMP
are summarised in Table 1.
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Table 1: VMP objectives

Objectives

Approach

Improve water quality
and riparian vegetation

Revegetation of riparian corridor

Improve ecological
health and integrity by
revegetating with
native species

Control woody weeds and pasture grasses
Revegetate with native terrestrial and wetland species using appropriate
species
Maintenance weed control
Protect existing native vegetation

Maintain and enhance
habitat values

Weed control
Increase native plant cover

Ensure stable bed and
banks of creeks

1.3

‘Soft engineering’ approach with a focus on planting locally native species,
slowing flows before they reach the creek and attenuating peak and high
frequency flows

Ke y T e rm s

For the purpose of this VMP the following terminology has been adopted:





1.4

Study Area: The extent of Lot 29 DP 5464, Lot 28 DP5464 and Lot 27 DP 5464.
Development area: The proportion of the study area to be developed, specifically the
proposed lots located in the east of the study area. This area is outside the scope of the
VMP.
VMP area: The proportion of the study area to be conserved and managed by this VMP (0.42
ha), specifically the Council reclaimed buffer zone to the west of the proposed development
area, and bounded by Narrabeen Creek (Figure 3).

Imp le me nt a t io n of t h e w or k

Revegetation and bush regeneration works are to be implemented by experienced bush regeneration
contractors with team leaders / site supervisors having a minimum TAFE Certificate III or Diploma level
qualification in Conservation and Land Management and membership of the Association of Australian
Bush Regenerators or equivalent. If works are undertaken by landowners or members of the community
association they must be undertaken under the guidance / supervision of an appropriately qualified bush
regenerator team leader / supervisor. A project ecologist is to be assigned to the project. The project
ecologist is have a minimum of five years’ experience in managing restoration sites, have a relevant
university degree and have completed TAFE Certificate III in Land Management and membership of the
AABR or equivalent.

© ECO LOGICAL AUSTRALIA PTY LTD

8

23-27 Warriewood Road, Warriewood - VMP

Figure 1: Location of study area
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2

Description of the environment

2.1

T opogr aph y

The natural gradient of the land falls towards Narrabeen Creek which outlines the western boundary of
the study area (Figure 1).
2.2

Dr ai na ge a nd h ydr olo g y

Narrabeen Creek is a 2nd order Strahler stream flowing adjacent to the study area. The creek originates
approximately 1.5km to the West and flows in a northerly direction to the confluence of Mullet Creek and
then discharges in Narrabeen Lagoon (Figure 1).
2.3

So il s an d g eo log y

The study area encompasses three soil landscapes including:






Erina Erosional (er) which occurs on undulating to rolling rises and low hills on fine-grained
sandstones and claystones of the Narrabeen Group with Yellow Podzolic Soils on sandstone
crests and slopes and Red Podzolic Soils on shale crests and steep slopes.
Watagan Colluvial (wn) occurring on rolling to very steep hills on fine-grained Narrabeen Group
sediments. Soils include Lithosols/Silicieous Sands and Yellow Pozolic soils occuring on
sandstone with Brown Podozolic soils and Red Podzolic soils occurring on shales.
Warriewood Swamp (wa) occurring on level to gently undulating swales, depressions and infilled
lagoons on Quaternary sands. Soils are well sorted, sandy Humus Podzols and Dark, Mottled
Siliceous Sands overlying buried Acid Peats in depressions; Deep Podzols and Pale Siliceous
Sands on sandy rises.
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2.4

E xi sti ng v eg et at ion

2.4.1

Regional context

Broad scale vegetation mapping for the study area has been completed as part of The Native Vegetation
of the Sydney Metropolitan Area (OEH 2013) with the following vegetation communities mapped within
the study area:



2.4.2

Coastal Freshwater Swamp Forest (listed as endangered under the TSC Act )
Planted, Native and Exotic Urban Vegetation

Vegetation communities

Coastal Freshwater Swamp Forest (CFSF)
Coastal Flats Swamp Mahogany Forest (CFSMF) has been mapped by Sydney Metropolitan Catchment
Management Authority (SMCMA) in the north-east corner of the study area adjacent to Narrabeen Creek
(Figure 2).
The inspection confirmed that Casuarina glauca were the dominant canopy trees in the study area.
Casuarina glauca is noted to be one of the characteristic species of CFSMF however other dominant
canopy species of this community such as Melaleuca sp. were not identified within the study area. No
native midstorey or understorey were present. The mid and understorey are highly degraded and heavily
invaded by exotic species (Figure 2).
Exotic Urban Vegetation
Weeds and exotic species were dominate along the bank of Narrabeen Creek. This primarily included a
large stand of Arundo donax (Giant Reed), Anredera cordifolia (Madeira Vine), Ligustrum sinense (Smallleaved Privet), Ligustrum lucidum (Large-leaved Privet) Senna sp., Cestrum parqui (Green Cestrum) and
Lantana camara (Figure 2).
Modified grassland /pasture
The majority of the proposed development area is cleared of all native vegetation and dominated by
pasture grasses including Cynodon dactylon (Couch) and Pennisetum clandestinum (Kikuyu) which is
currently being grazed on by horses (Figure 2).
Street tree plantings and exotics
The vegetation mapped outside of the VMP area along Warriewood Road included a mix of street tree
plantings and exotic species and included Jacaranda mimosifolia (Jacaranda), Pinus pinaster (Maritime
Pine), Glochidion ferdinandi (Cheese Tree), Ligustrum lucidum (Broad-leaf Privet), Cinnamomum
camphora (Camphor Laurel) and Syagrus romanzoffianum (Cocos Palm) (Figure 2).
2.5

Flo ra sp ec ie s

A total of twenty-one flora species have been identified within the VMP area, of which five were native
species and sixteen exotic species. Native species were limited to the canopy layer with a highly exotic
midstorey and understorey. Exotic flora species were also abundant across the study area in the cleared
and open patches of the proposed development area. A flora species list for the study area is available
in Appendix A.
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Figure 2: Vegetation community mapping (SMCMA)
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2.6

Nox iou s w eed s

Fifteen exotic species were indented within the study area (Appendix A) including five declared as
noxious under the Pittwater Local Control Authority (LCA) (NSW Government 2016). Two weeds are
listed as Weeds of National Significance (WoNS). Noxious weeds require careful management to prevent
spread into adjacent areas. For example, Class 4 weeds require that the growth of the plant must be
managed in a manner that reduces its numbers spread and incidence and continuously inhibits its
reproduction. The noxious weeds present, their management class and whether or not they are a WoNS
is presented in Table 2
Table 2: Noxious weeds and WoNS present in the study area.
Scientific Name

Common Name

Noxious Weed Class

WoNS
Yes

Anredera cordifolia

Madeira Vine

4

Cestrum parqui

Green Cestrum

3

Lantana camara

Lantana

4

Ligustrum lucidum

Broad-leaved Privet

4

Ligustrum sinense

Small-leaved Privet

4

Yes

Class 3 - the plant must be fully and continually suppressed and destroyed.
Class 4 - Locally Controlled Weeds; that pose a threat to primary production, the environment or human health, are widely
distributed in an area to which the order applies and are likely to spread in the area or to another area.
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3

Management Zones

3.1

Con st ruc t io n and Pr e lim in a r y W o rk s

The civil construction company shall be responsible for the following works.
3.1.1

Construction fencing

The site is to be fenced to prevent civil construction machinery from entering the site unless under
supervision from a suitably qualified ecologist or bush regenerator. This will be undertaken on active
development interfaces.
3.1.2

Soil and water management

Prior to construction commencing sediment fencing will be required around the construction area to
prevent sediment running into the VMP area and limit the spread of weed propagules in soil sediments
during the construction period.
3.1.3

Informational signage

Informational signage must be installed around the site as needed to convey the works that are being
undertaken and the final strategy for the site. The exact information and location of these signs will be
determined during implementation works. At a minimum this signage should identify, at all access points
to the site, that the riparian area is being managed for conservation purposes. Further signage may
include permanent signs describing the natural values of the site and surrounding area.
3.1.4

Soil preparation

Where revegetation is to occur, in areas with no native regeneration potential, the following actions will
be undertaken:
1. Strip the top 100 mm of weedy vegetation and top soil
2. Allow weed seed and exotic grass runners to germinate and spray with herbicide, on at least two
occasions
3. Rip and cultivate to ensure a soft, friable soil
4. Improve as required to achieve a locally appropriate soil (e.g. gypsum, trace minerals, etc.)
Soil preparation other than installation of jute matting/ mulch is to be undertaken by the civil contractor in
consultation with the project ecologist. The installation of jute matting/ mulch will be carried out during
vegetation works by the bush regeneration contractor or under their supervision. The specific
requirements will be assessed by the project ecologist and bush regeneration contractor prior to
revegetation.
Any woody material remaining after primary wood weed clearance should be taken off-site to allow space
for revegetation works across all management zones.
3.1.5

Earthworks

During construction activities, when clearing areas of existing vegetation, earthworks and tree removal
should be undertaken with the fauna ecologist or wildlife carer to supervise works. It is expected that in
several areas, top soil, where clean of rubbish, may will be re-useable within the VMP area.
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All timber should be retained onsite, with mulch stockpiled for use within conservation areas, all viable
seed and genetic material to be collected and all timber cut into logs to be utilised as habitat for native
fauna.
3.1.6

Pest control

Evidence of pressure from grazing by rabbits was observed. It is recommended that construction fencing
and sediment fencing be installed in such a way that can also exclude rabbits. Specification for rabbit
exclusion fencing provided in Appendix C.
The rabbit control program for the site should be implemented based on identification and fumigation of
rabbit warrens, particularly once the exclusion fencing has been installed. This is to be undertaken in
consultation with Local Land Services. The site is to be constantly monitored for evidence of rabbit activity.
Any damage by rabbits, primarily due to grazing young plants, will require rectification.
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3.2

V eg etat ion m an ag em ent w ork s

The total VMP area is 0.42ha.
The area has been divided into three management zones according to current condition and management
actions required (Figure 3), including:




Management Zone 1: Rehabilitation of creek edge
Management Zone 2: Revegetation (pasture grass)
Management Zone 3: Revegetation creek bank

Further descriptions are provided below.
Revegetation requirements, including plant density are shown in Table 3.
Jute mat and mulch requirements are shown in Table 4.
Table 3: Planting density and plant numbers
Revegetation densities (m2)
Zone

1

2

2

Description

Rehabilitation of creek
edge
Revegetation – (pasture
grass)
Revegetation (creek
bank)

Total

Revegetation

Totals

Herbs/

Sedge /

Scramblers

Grass

-

-

6/m2

1,800

1/50m2

1/20m2

1/m2

3/m2

3,256

2,200

1/50m2

1/20m2

1/m2

3/m2

6,919

4,200

78

195

3,900

13,500

17,673

Area (m2)

Tree

Shrub

300

-

1,700

Table 4: Jute and mulch requirements

Zone

Description

Tubestock (m2)

Jute Matting (m2)

Mulch (m2)

300

0

0

1

Rehabilitation of creek
channel

2

Revegetation – (pasture
grass)

1,700

0

1,700

3

Revegetation (creek bank)

2,200

2,200

0

4,200

2,200

1,700

Total
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Figure 3: Vegetation Management Zones
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3.3

M anage me nt Z on e 1: Reh ab il it atio n o f cr e ek edg e

Zone 1, (0.03 ha), encompasses the area within and along the eastern edge of Narrabeen Creek. This
area is highly degraded and heavily infested with noxious weeds (Figure 7). Including Arundo donax
(Giant Reed), Anredera cordifolia (Madeira Vine) (Figure 8), Ligustrum sinense (Small-leaved Privet),
Ligustrum lucidum (Large-leaved Privet) Senna sp., Cestrum parqui (Green Cestrum) and Lantana
camara.
Following the treatment of exotic weeds, the entirety of the zone will require jute matting prior to
revegetation. Revegetation will be undertaken using tubestock at the densities shown in Table 3 using
Fresh Water species as per Appendix B. Further specifications for planting are identified in Appendix B.
3.4

M anage me nt Z on e 2: Rev ege tat ion ( Pa stu r e g r a ss)

Zone 2, (0.17 ha) encompasses those areas dominated by exotic pasture grasses with no native
vegetation remaining (Figure 6). Revegetation will be undertaken across 100% of this zone.
Site preparation works are to include earthworks to scraping off of the top 100 mm of weedy vegetation,
followed by herbicide spraying to treat re-emerging weeds. Following scraping the area may require decompaction by deep ripping as determined by project ecologist.
Revegetation should be undertaken as per the specifications in Section 4. Revegetation should use
appropriate SFF species including trees, shrubs and groundcover species as per Appendix C.
Revegetation will be undertaken via tubestock at the densities shown in Table 3. In all revegetation
areas, jute or choir matting or mulch will be required to suppress weed growth (Table 4).
Tree guards may be used to protect seedlings from extreme weather (frosts and heat), herbivore grazing
and herbicide spray drift during maintenance. These will be erected at the time of planting where required.
Water retaining crystals will also be used.
Bush regeneration methods and specific weed control are provided in Appendix D. Monitoring will be
conducted in this zone and will advise the intensity of follow-up treatments.
3.5

M anage me nt Z on e 3: Rev ege t at ion (C r ee k ban k)

Zone 3, (0.22 ha) encompasses the remaining Ficus elastica (Rubber Fig), Ficus Macrophylla (Morton
Bay Fig) and Ficus rubiginosa (Port Jackson Fig) and Casuarina glauca (Swamp She Oak). It is assumed
that the native vegetation will be retained. These areas lack a native midstorey and understorey and are
dominated by a midstorey of exotic Lantana camara. Revegetation will be undertaken across 100% of
this zone.
Prior to revegetation the area will need soil preparation works as directed by the project ecologist and
following the soil preparation guidelines in Section 3.1.4. In all revegetation areas, jute or choir matting
will be required to suppress weed growth (Table 4).
The area to the south end of this management zone will require extensive revegetation. This area is in
poor condition, dominated by weeds, in particular Arundo donax (Giant Reed) and Cestrum parqui (Green
Cestrum) (Figure 4), Senna sp. and Lantana Camara (Figure 5).
Revegetation should be undertaken as per the specifications in Section 4. Revegetation should use
appropriate SSF and FW species including trees, shrubs and groundcover species as per Appendix C.
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Revegetation will be undertaken using tubestock at the densities shown in Table 3. In all revegetation
areas, jute or choir matting will be required to suppress weed growth (Table 4).
Tree guards may be used to protect seedlings from extreme weather (frosts and heat), herbivore grazing
and herbicide spray drift during maintenance. These will be erected at the time of planting where required.
Water retaining crystals will also be used.
Bush regeneration methods and specific weed control are provided in Appendix D. Monitoring will be
conducted in this zone and will advise the intensity of follow-up treatments.
3.6

M ainten an ce

The entire site will require ongoing maintenance to control weed regrowth from the soil seed bank for
many of the weed species. Maintenance work is to be undertaken by a qualified bush regeneration
contractor(s).
Maintenance will be undertaken on a regular basis in the peak growing seasons (spring and summer),
with less frequent visits in cooler periods (autumn and winter). Maintenance programs need to closely
monitor rabbit activity. Maintenance work will include actions to encourage native regeneration where it
is not occurring naturally. These actions include techniques such as soil disturbance and transplanting
native plants.
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Figure 4: Arundo donax (Giant reed) and Cestrum parqui (Green Cestrum).

Figure 5: Senna sp. and Lantana camara
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Figure 6: Exotic pasture grasses (revegetation required)

Figure 7: Narrabeen creek (downstream).
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Figure 8: Anredera cordifolia (Madera Vine) tubers.
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4

Implementation schedule

4.1

Ind ic ativ e imp l em ent at i on s ch edu le

The VMP will have an implementation period of five (5) years divided into two phases:



Establishment phase – estimated to last 1 year
Maintenance phase – estimated to last 4 years

An indicative implementation schedule has been provided in Table 5.
The establishment phase is expected to relate to the ‘Construction’ phase of development works and also
incorporates VMP works including all revegetation. The establishment phase is expected to last for
approximately 1 year, however it will continue until Practical Completion, as confirmed by the Project
Ecologist and approved by NBC. Practical completion refers to the completion of all civil works, soil
preparation works, initial weed control and all revegetation as identified in Table 6 and the achievement
of the performance criteria identified in Table 7.
Maintenance will be undertaken for a minimum of four years after practical completion of establishment
works or until the required objectives for the VMP area as identified in Table 8 are met. Failure to meet
this performance criteria will mean that the maintenance period will be extended until they are. Alternately,
if the performance objectives are met earlier than expected, Council may agree to an earlier handover.
Therefore, maintenance must continue until NBC agrees that the objectives and performance criteria have
been met and the maintenance period has concluded.
Responsibilities have been identified in Table 6 as below:
Civil construction activities
Key
Vegetation management works

4.2

Ad a ptiv e man ag em en t

As this is a long term project that will be implemented over a number of years, an adaptive management
approach will be implemented that enables the successful contractor to learn from and respond to
successful and unsuccessful techniques used on the site. In its simplest form this may include the
substitution of species identified in the planting table or for undertaking advanced direct seeding
techniques in place of manual planting techniques for revegetation.
The success of the works will be determined by meeting the performance criteria identified in Table 7 and
Table 8. Contractors have the flexibility to implement different techniques to those specified here providing
that performance criteria are met. Any major departures from the VMP or proposed changes to
performance criteria must be approved in writing by NBC.
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Table 5: Implementation schedule

Establishment
Zone

Treatment

Maintenance

Year 1
1

2

3

Year 2
4

1

2

3

Year 3
4

1

2

3

Year 4
4

1

2

3

Year 5
4

1

2

3

4

Install construction fencing
Install sediment fencing
Install informational signage
Soil preparation
All

Development footprint
earthworks
Pest control
Seed collection
Monitoring and reporting
Primary woody weed
removal

Zone 1:
Rehabilitatio
n of creek
edge

Soil preparation
Install TS plantings
Replacement TS plantings
Establishment weed control
Maintenance weed control

Zone 2 :
Revegetation

Earthworks - strip top soil &
soil prep
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(Pasture
grass)

Install TS plantings
Replacement TS plantings
Maintenance weed control
Primary weed removal
Install mulch in reveg. areas

Zone 3:
Revegetation
(creek bank)

Install TS plantings
Replacement TS plantings
Establishment weed control
Maintenance weed control
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Monitoring and reporting

5

The bush regeneration contractor and the land manager will monitor the vegetation for changes over time.
Information gained through the monitoring and reporting process will identify works that have and have
not been successful, and the reasons for their success or failure.
The aim of monitoring is to measure the effectiveness of the control actions being undertaken to achieve
the desired outcome. It will identify non-conformance and provide the land manager with the ability to
implement corrective actions. Information derived from the results of monitoring will also be used in
adaptive management (i.e. learning from past experience to inform future priorities and work plans). For
example, as annual grass weeds are removed, herbaceous and perennial weeds may establish.
Finally, monitoring and reporting will help determine and quantify the costs related to weed management
and the cost effectiveness of the VMP
5.1

M onit ori ng

Monitoring will be undertaken by vegetation surveys and photo monitoring. Monitoring will need to be
undertaken prior to works being commenced to establish a benchmark for performance, and to occur on
for the first two years on a 6-monthly basis, then on an annual basis until the completion of the project.
Monitoring results will be included in the Monitoring Report.
Photo monitoring points should be set-up using a permanent reference point to provide a visual reference
of changes in the vegetation. Photo monitoring to include:







set up a minimum of two photo monitoring points within the treatment zone
place two six foot star pickets 10 m apart
record the location (eastings and northings) of the first star picket with a GPS
as well as the bearing to the second star picket
take a digital photo from the first star picket looking towards the second star picket, the entire
length of
label each digital image with a unique reference number that indicates where the photo was taken
(i.e. the photo monitoring point) and the date it was taken (e.g. 01_140330 for a photo taken at
the first photo monitoring point on the 30th March 2014).

Monitoring results will be included in Progress Reports (below).
5.2

P rog r es s r epo rt s

Progress reports are to be provided for the first two years on a 6-monthly basis, then on an annual basis
until the completion of the project. This reporting includes the implementation of the monitoring actions
specified in Section 5.1. In addition to a description of the works that have been undertaken, this report
should be structured to address the following questions:
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A brief report outlining work undertaken by the bush regeneration contractor will be prepared every six
months during the preliminary and establishment phases, then yearly throughout the maintenance phase.
Reports will include:









5.3

What environmental threats have been reduced?
What environmental improvements have been achieved?
What tasks have been successful?
What has not been successful?
What measures, if any, have been taken to rectify problems?
What issues need to be addressed?
What are the outcomes of the management activities?
Recommendations for revising the task program, if necessary

P erf or m anc e c r it e r ia

The performance criteria is detailed in Table 6.
If monitoring indicates that the VMP tasks are not resulting in achievement of the performance criteria,
the task program will be revised. The civil contractor and the bush regeneration contractor, in consultation
with the NBC, can adapt these criteria as required in response to the success of rehabilitation works.
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Table 6: Performance criteria
Implementation
Management

Maintenance

Year 1

Zone

Year 2

Year 3

Year 4

Year 5



Commencement of all tasks outlined in the VMP or evidence of planning for their implementation



An increase in native cover and diversity and a decrease in exotic cover and diversity by the end of the maintenance period



At the end of each year, a minimum of 85% survival rate of all vegetation strata planted in each zone (e.g. tree, shrub and groundcover)



Any localised plant failure within planting areas are addressed with no area larger than 2 m x 2 metres without surviving plants at the end of
each year.



Maintenance replanting is to replace plants by the same species, or where that species is not available, with the same growth form (i.e. tree for
tree etc.) and must not decrease species diversity. Any new species to be planted must be from the community being emulated and of local
provenance.



All rubbish and debris removed



Monitoring and reporting undertaken in accordance with Section 5.



No noxious plants

All Zones







No noxious plants





No noxious plants

Complete eradication

to set seed and no

allowed to set seed

allowed to set

of noxious weeds

no establishment of

establishment of new

and no

seed and no

from the site and no

new noxious species

noxious species

establishment of new

establishment of

establishment of new

Native vegetation cover no

noxious species

new noxious

noxious species

Native vegetation

species

Native vegetation cover



no less than 30% of
each zone


No noxious plants allowed

allowed to set seed and

Exotic vegetation no
more than 40% of each
zone.

less than 40% of each zone








Exotic vegetation no more

cover no less than

Native vegetation

cover no less than

than 30% of each zone.

50% of each zone

cover no less

80% of each zone.

Exotic vegetation no

than 65% of each

more than 20% of

zone

more than 5% of

Exotic vegetation

each zone.



each zone.





no more than
15% of each
zone.
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Cost

6

The cost of implementation for five year period is approximately $152,345 exclusive of GST. An indicative
annual costing timeline is provided in Table 7.
Rates and costs are based on typical commercial rates. Assumptions that have been made in regards to
estimating costs have been outlined below.
6.1

Con st ruc t io n and p re pa rat ion w or ks

Civil construction activities are identified in Table 6 these have not been included in Table 8.
6.2

V eg et at ion m an ag em ent w ork s

6.2.1

Weed control treatments

Bush regeneration contractors will implement the weed control treatments identified in this VMP. These
works have been estimated to cost $2,000 for a team of four bush regenerators, including a supervisor,
per day. The cost of bush regeneration works includes the costs of herbicide, vehicles and equipment
which are required to implement the VMP.
6.2.2

Revegetation treatments

Bush regeneration contractors will implement the revegetation treatments identified in this VMP. Tubestock
costs have been budgeted at an estimated $3.50 per tree and shrub including tree guards, planting, water
crystals, fertiliser and initial watering, and an estimated $2.00 per grass, sedge and groundcover including
planting, water crystals and initial watering.
All revegetation zones are proposed to be revegetated by tubestock plantings. Direct seeding has not
been recommended as the study area is known to be prone to flooding.
A total of approximately 17,000 plants will be required to achieve the densities identified in the VMP. The
total estimated cost of revegetation is approximately $30,000 for tubestock installation, including a 10%
replacement rate.
6.2.3

Seed collection

Budget for the collection of seed has been included as a separate task. If further seed collection works are
required this may be an additional cost.
6.2.4

Monitoring and reporting

Bush regeneration contractors or ecologists will undertake the monitoring and reporting identified in this
VMP. This includes:



initial setup of the photo points and quadrats and conducting the baseline surveys
preparing a six monthly report for the first two years of maintenance, and a yearly report thereafter,
including photo points and quadrats till the completion of the project

All monitoring, mapping and reporting works have been calculated using the rate for a qualified and trained
Restoration Ecologist at $150 / hr.
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Table 7: Implementation cost
Establishment

Maintenance

Treatment

Total
Year 1

Year 2

Year 3

Year 4

Year5

Seed collection, cleaning, storage

$2,437

$0

$0

$0

$0

$2,437

Site Preparation

$2,450

$0

$0

$0

$0

$2,450

Jute Matting / Mulch

$20,250

$0

$0

$0

$0

$20,250

Direct Seeding, supply and install

$4,725

$0

$0

$0

$0

$4,725

Tubestock, supply and install

$28,541

$0

$0

$0

$0

$28,541

$0

$2,854

$0

$0

$0

$2,854

$4,988

$0

$0

$0

$0

$4,988

$25,200

$0

$0

$0

$0

$25,200

Secondary

$0

$14,700

$14,700

$0

$0

$29,400

Maintenance

$0

$0

$0

$10,500

$10,500

$21,000

Monitoring & Reporting - Years 1-5

$2,100

$2,100

$2,100

$2,100

$2,100

$10,500

Totals

$90,691

$19,654

$16,800

$12,600

$12,600

$152,345

Revegetation

Replacement tubestock, supply and install
Irrigation
Weed control
Primary

Associated costs
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Appendix A : Flora and fauna species list
Flora

Scientific Name

Common Name

Ageratina adenophora*

Crofton Weed

Anredera cordifolia*

Madeira Vine

Arundo donax*

Giant Reed

Casuarina glauca

Swamp She Oak

Cestrum parqui*

Green Cestrum

Cirsium vulgare*

Spear Thistle

Cyathea cooperi

Straw Treefern

Cynodon dactylon*

Common Couch

Ficus elastica

Rubber Fig

Ficus macrophylla

Morton Bay Fig

Ficus rubiginosa

Port Jackson Fig

Lantana camara*

Lantana

Ligustrum lucidum*

Large-leaved Privet

Ligustrum sinense*

Small-leaved Privet

Passiflora sp.*

Passion flower

Pennisetum clandestinum*

Kikuyu Grass

Ricinus communis*

Castor Oil Plant
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Senna sp. *

Tradescantia fluminensis*

Wandering Jew

Trifolium repens*

White clover

Zantedeschia aethiopica*

Arum Lily

*Denotes exotic species

Fauna

Scientific Name

Common Name

Ardea ibis

Cattle Egret

Oryctolagus cuniculus*

European rabbit

Malurus cyaneus

Superb fairywren

*Denotes exotic species
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Appendix B : Recommended planting list
Vegetation Community
Type

Scientific Name

Common Name
FW

Lophostemon suaveolens

SSF

Swamp Mahogany

X

Melaleuca sieberi

X

Acacia irrorata

Green Wattle

X

Acmena smithii

Common Lily Pilly

X

Allocasuarina littoralis

Black sheoak

X

Callistemon salignus

White Bottlebrush

X

Eucalyptus botryoides

Bangalay

X

Red Mahogany

X

Eucalyptus resinifera
subsp. hemilampra
Ficus coronata
Melaleuca ericifolia
Trees / Canopy

Melaleuca quinquenervia

species (>6m)
Melaleuca styphelioides

Acacia longifolia

X

Broad-leaved

X

Paperbark
Prickly-leaved

X

Paperbark
Sydney Golden

X

Wattle
Swamp She-oak

X

Elaeocarpus reticulatus

Blueberry Ash

X

Eucalyptus longifolia

Wollybutt

X

Eucalyptus robusta

Swamp Mahogany

X

Glochidion ferdinandi

Cheese Tree

X

Melaleuca linariifolia

(1.5-6m)

Swamp Paperbark

Casuarina glauca

Livistona australis

Shrub Species

X

Cabbage Tree

X

Palm
Narrow-leaved

X

Paperbark

Banksia spinulosa

Hairpin Banksia

X

Dodonaea triquetra

Common Hop Bush

X

Tantoon

X

Leptospermum
polygalifolium subsp.
polygalifolium
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Omalanthus populifolius
Banksia oblongifolia

Fern-leaved

X

Banksia
Coffee Bush

X

Calochlaena dubia

Soft Bracken

X

Dianella caerulea

Blue Flax-lily

X

Gonocarpus tetragynus

Common Raspwort

X

Hypolepis muelleri

Harsh Ground Fern

X

Polyscias sambucifolia

Elderberry Panax

X

Pteridium esculentum

Austral Bracken

X

Blechnum indicum

Swamp water Fern

X

Baumea juncea

BareTwig Rush

X

Bolboschoenus caldwellii

Salt Club-rush

X

Bolboschoenus fluviatilis

Marsh Club-rush

X

Carex appressa

Tall Sedge

X

Juncus usitatus

Common Rush

X

Spiny-head Matrush

X

X

X
X

Baumea articulata

Jointed Twig Rush

X

Persicaria decipiens

Slender Knotweed

X

Bog Bulrush

X

Carex appressa

Bluedale

X

X

Gahnia clarkei

Saw Sedge

X

X

Entolasia marginata

Bordered Panic

Schoenoplectus

Reeds & Grasses

X

Breynia oblongifolia

Lomandra longifolia

Sedges, Rushes,

Bleeding Heart

mucronatus

Gahnia sieberiana
Imperata cylindrica var.

X

Red-fruit Saw-

X

sedge
Blady Grass

X

Phragmites australis

Common Reed

X

Entolasia stricta

Wiry Panic

X

Themeda triandra

Kangaroo Grass

X

Isachne globosa

Swamp Millet

X

major
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Stephania japonica var.

Snake Vine

X

Morinda jasminoides

Sweet Morinda

X

Parsonsia straminea

Monkey Rope

X

Centella asiatica

Centella

X

Glycine clandestina

Twining Glycine

X

discolor

Hydrocotyle peduncularis
Groundcover
Species (~0-1.5m)

Oplismenus imbecillis

X
Creeping Beard

X

Grass

&
Vines/Scramblers

Pratia purpurascens
Villarsia exaltata

White Root

X

Yellow Marsh

X

Flower

Viola hederacea

X

Adiantum aethiopicum

Maidenhair Fern

X

Oplismenus aemulus

Basket Grass

X

Viola banksii

Native Violet

X

Blechnum camfieldii

Eared Swamp Fern

X
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Appendix C : Techniques and specifications
Weed control
Weed control involves a combination of mechanical, physical and chemical techniques to remove the
weeds and prevent regrowth. Weed control will be undertaken in all management zones. A selection of
the best suited weed control method within the site depends on a number of factors including:





the species or combination of weeds being targeted
the density of the weeds
resources available (time, labour, equipment and finances)
weather conditions of the day

Weed control techniques
Detail of specific weed control techniques to be used such as cut and paint, scrape and paint, herbicide
spraying and hand weeding are given in Brodie (1999). The principles of bush regeneration and
techniques to trigger natural regeneration are to be in accordance with the Bradley Method and other
techniques described in Buchanan (2000). Management techniques for different types of weeds are
provided below.
Annual grasses
Annual grasses, such as Bromus catharticus (Prairie Grass), should be hand removed or spot sprayed
where isolated or in low concentrations. Larger patches of annual grasses may be slashed/brush cut in
late spring to early summer, after flowering, but prior to seed set. For most species, slashing/brush cutting
prior to late spring through to early summer will promote vigorous growth and should not occur. However,
some annual grasses can grow and produce seed at any time of the year dependent on climatic conditions
such as high rainfall and warm temperatures. Monitoring of annual species should be undertaken and if
new growth occurs, the same treatment will be applied to the new growth to prevent seed production.
Individual plants should be hand removed, bagged and disposed of appropriately offsite.
Perennial grasses
Perennial grasses, such as Paspalum dilatatum (Paspalum) and Eragrostis curvula (African Love Grass),
will be hand removed where isolated or in low concentrations. Larger patches may be slashed prior to
seed production in spring or summer (depending on the growth cycle of the species) and the regrowth
spot-sprayed 2-3 weeks later when it is actively growing and approximately 10 cm in length. Monitoring
of these species will occur and if new seed production occurs, the same treatment will be applied again
as required. However, slashing will not reduce the presence of exotic grasses on its own and must always
be combined with targeted removal to reduce densities and allow for native regeneration. Individual plants
should be hand removed, bagged and disposed of appropriately offsite.
Woody weeds
If woody weeds invade the site, these will be controlled by the cut and paint or drill and fill method using
a non-selective herbicide. The most appropriate method to be used depends on the size of the individual
to be removed and will be determined by the bush regeneration contractor. Primary weed control should
use techniques that will not encourage flushes of secondary weed growth. All seedlings of woody weeds
will be hand pulled or spot-sprayed with a non-selective herbicide.
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Creepers and climbers
The control of creepers, including Asparagus asparagoides (Bridal Creeper) and Araujia sericifera (Moth
Vine) varies depending on the species. For the most part, seedlings will be hand pulled, while mature
plants can be controlled by the stem-scrape method or spot spraying using a non-selective herbicide. The
precise method to be used will be determined by the bush regeneration contractor depending on the
species, size and reproductive status of the individual. All vegetative material removed should be bagged,
removed from site and disposed of appropriately.
Herbaceous weeds
Where individual plants of herbaceous weeds, including Conyza bonariensis (Flax-leaf Fleabane) and
Verbena bonariensis (Purpletop), are found, they will be hand pulled prior to flowering. Where large
swaths of these species occur they will be sprayed using a non-selective herbicide. If high densities of
mature stands occur, weeds may be slashed first using a brush cutter and any subsequent regrowth
sprayed. Regular monitoring of these species will be required to prevent seed production. Cirsium vulgare
(Spear Thistle) will not be hand-pulled due to its thorns and instead will be spot sprayed using a nonselective herbicide. All vegetative material that is pulled out and has the potential to regrow if deposited
on ground will be bagged and removed from site.
Management of weed waste
All weed propagules especially noxious weeds will be bagged and disposed of as directed by legislation
at facility licensed to receive green waste. All weed waste without propagules will be composted onsite in
small unobtrusive piles.
Herbicide use
The use of herbicide to control weeds should be carefully considered. Herbicide use should assess
potential long-term impacts of the technique including whether the proposed works actually address the
source of the weed infestation. However, herbicide application forms an important and useful component
of an integrated weed management approach and can be the most appropriate method to control some
weed species.
Herbicide use should occur during the active growing season for plants to encourage the chemical uptake
into the plant. The selection of herbicides should also consider the type of weed and the location. Where
non-selective herbicides are required for use, glyphosate is the most suitable. If herbicides are required
to be used near waterways, a glyphosate-based herbicide formulated for use near waterways will be used
(e.g. RoundUp© Biactive™).
Broad-leaf selective herbicide may be used as per the Noxious and environmental weed control handbook
(DPI 2010). However, this type of herbicide is extremely toxic to aquatic life and must not be used in, or
adjacent to, waterways. Registration and records must be kept in accordance with the NSW Pesticide
Regulation 2009.
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Revegetation works
Revegetation has the twin aims of both re-establishing the original native vegetation community at the
site and reducing erosion along the length of the riparian corridor, which will carry greatly increased peak
flows due the increased run-off from the hard surfaces created by the associated residential development.
The revegetation must be undertaken in accordance with the Standards for APZ (NSW Rural Fire Service,
2005). Any plantings should consist of local provenance stock. A summary of the revegetation densities
is shown in Table 4.
Planting of Hiko for trees and shrub species and Hiko or Viro cells for grasses and other groundcover
species is the preferred method. Planting should be done via a low impact method such as hand digging
or hand auger. The holes dug for each plant should be at least 1.5x the width and 2x the depth of the
rootball. Fertiliser should be added to each hole dug as per the label specifications. Water crystals or
wetting agents should be added to each plant hole. This will increase the water holding capacity of the
soil and reduce watering schedules. Initial irrigation of the plantings is essential to ensure that the soil
forms around the rootball and no air pockets are left. This will be required unless sufficient rainfall (approx
10mm) occurs on the day of planting.
Broadscale direct seeding will be undertaken using Ecoblanket® or equivalent. Ecoblanket® is a
pneumatically-applied mulch and seed mixture which also contains fertiliser, soil improvers and a tackifier
to suppress weed growth, control erosion and provide a suitable growing medium for seeds. The local
provenance native seed mix will be as per the groundcover species identified in Appendix C to achieve
the required densities. An exotic cover crop can be used, however this must be sterile. Following hydroseeding event/s Ecoblanket will be irrigated regularly for a period of at least 6 months or until
establishment of native seed, whichever is longer. Where irrigation is not able to be set up; the areas will
be watered manually until grasses are thoroughly established.
Tree guards will need to be installed on each tree or shrub to protect seedlings from extreme weather
(frosts and heat), herbivorous grazing and herbicide drift during maintenance. Bio-degradable tree guards
are recommended to protect the seedlings. Following the revegetation works, irrigation needs to be
undertaken for at least 8 weeks following planting to ensure the establishment of the plants. The level of
irrigation will be determined by rainfall and temperature experienced at the planting site.
Mulch should be used where identified. The use of mulch is very important because it provides organic
matter to the top soil, improves soil structure and aeration, water infiltration, nutrient availability, and is
also useful in the suppression of weed growth (Buchanan 2009). Mulch should be sourced from within
the local area. Mulch must be free of weed propagules and invasive woody species such as Coral Tree
(Erythrina x sykesii). Mulching should not be undertaken within areas of high potential erosion. It is
recommended jute matting is used in these areas prior to revegetation.
A temporary irrigation system should be installed to assist in the establishment of vegetation. Timing of
the planting of these areas will need to take into consideration surrounding civil works and
erosion/sediment control requirements, these areas will not be planted until earthworks have been
completed. A maximum rate of attrition of 10% is to be tolerated, with any plant loss above this rate to be
replaced at the contractor’s expense.
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Seed collection
For the growth of the plants used in the revegetation works, seed must be collected from local provenance
species. Groundcovers, shrubs and trees should be collected in as close proximity (i.e. <20km) as
possible to the site, however soil type, climate and aspect of the collections site should also be
considered. Native grasses typically have much larger dispersal mechanisms and are to be collected from
within the Cumberland Plain of Sydney. Wetland species are to be collected from within the Cumberland
Plain component of the Hawkesbury Nepean Catchment.
Where species identified in this VMP cannot be sourced, they may be substituted for other Cumberland
Plains Woodland species as identified by Tozer (2003). Species must be substituted with species of a
similar form, e.g. trees for tree, grasses for grasses, etc. Only wild native species are to be used. Plants
are not to be substituted with horticultural varieties under any circumstances.
Record keeping of seed collection and planting locations are to follow the Florabank guidelines (Mortlock,
2000). A Section 132C licence under the NSW National Parks and Wildlife Act 1974 will be required to
undertake seed collection works. The bush regeneration contractor is responsible for recording this
information and providing it to BCC.
Bush regeneration contractors
All vegetation management works in the establishment phase will be undertaken by suitably qualified and
experienced bush regeneration contractors who are members of the Australian Association of Bush
Regenerators or fulfil the membership criteria. In addition to this, team leaders should have, as a
minimum, a Certificate III in Conservation & Land Management or equivalent. The contractor will need to
carry out best practice bush regeneration techniques as described by Buchanan (2009). A flexible
approach to this site is recommended since techniques may need to be changed or modified to suit site
conditions. This approach is consistent with adaptive management and allows the contractor to develop
and build on site knowledge whilst implementing this VMP. Monitoring will assist in the development of
the VMP actions in subsequent years.
Rabbit exclusion fencing
Rabbit proof fencing should be installed to the guidelines in the Commonwealth Department of the
Environment Catalogue of fence designs. The fencing will need to be a minimum of 90mm high, with an
180 mm skirt as per Figure 9.
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Figure 9: Rabbit exclusion fencing (Dep Environment)
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HEAD OFFICE

SYDNEY

HUSKISSON

Suite 2, Level 3
668-672 Old Princes Highway
Sutherland NSW 2232
T 02 8536 8600
F 02 9542 5622

Suite 1, Level 1
101 Sussex Street
Sydney NSW 2000
T 02 8536 8650
F 02 9542 5622

Unit 1, 51 Owen Street
Huskisson NSW 2540
T 02 4201 2264
F 02 9542 5622

CANBERRA

NEWCASTLE

NAROOMA

Level 2
11 London Circuit
Canberra ACT 2601
T 02 6103 0145
F 02 9542 5622

Suites 28 & 29, Level 7
19 Bolton Street
Newcastle NSW 2300
T 02 4910 0125
F 02 9542 5622

5/20 Canty Street
Narooma NSW 2546
T 02 4302 1266
F 02 9542 5622

COFFS HARBOUR

ARMIDALE

35 Orlando Street
Coffs Harbour Jetty NSW 2450
T 02 6651 5484
F 02 6651 6890

92 Taylor Street
Armidale NSW 2350
T 02 8081 2685
F 02 9542 5622

Unit 1, Level 1
79 Market Street
Mudgee NSW 2850
T 02 4302 1234
F 02 6372 9230

PERTH

WOLLONGONG

GOSFORD

Suite 1 & 2
49 Ord Street
West Perth WA 6005
T 08 9227 1070
F 02 9542 5622

Suite 204, Level 2
62 Moore Street
Austinmer NSW 2515
T 02 4201 2200
F 02 9542 5622

Suite 5, Baker One
1-5 Baker Street
Gosford NSW 2250
T 02 4302 1221
F 02 9542 5622

DARWIN
16/56 Marina Boulevard
Cullen Bay NT 0820
T 08 8989 5601
F 08 8941 1220

MUDGEE

BRISBANE
Suite 1, Level 3
471 Adelaide Street
Brisbane QLD 4000
T 07 3503 7192
F 07 3854 0310
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