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Section 1 
Project Context 
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1. Project Context 

1.1 Background Information 

The University of Western Sydney (UWS) and UrbanGrowth NSW have entered into a Project 

Delivery Agreement to develop land adjoining the UWS Campbelltown campus for residential 

purposes, Lot 63 DP 1104486 and Lot 7 DP 253700. 

In 2007 a Master Plan was adopted for the site, and the UWS Development Control Plan was 

developed in 2008. The Master Plan was reviewed by Roberts Day in 2011 which has retained 

the fundamentals of the original Master Plan, but which also recommends that works; 

Adds value, by creating a stronger sense of place, neighbourhood structure, legibility and 

sustainability, and improves the feasibility and commercial robustness of the Master Plan (p01, 

Roberts Day 2012). 

This Vegetation Management Plan has been developed to guide the restoration of the Riparian 

Zones contained within the development footprint, and meet the requirements of the Water 

Management Act 2000. 

This plan has been expanded to include the Sports Field and Lake Precincts. These precincts 

have been described separately from Riparian Zones 1-6 reflecting the difference in management 

approach and context.  

1.2 Purpose 

This VMP is submitted to address the requirements outlined in the above condition and to provide 

a framework and guide to the effective rehabilitation of all Riparian Zones and associated lands 

within the UWS Campbelltown development footprint. It is focussed upon the manner in which 

native vegetation can be re-established on the site.  

The implementation of the management actions described will improve the condition of vegetation 

within the development site. A network of riparian corridors will be established, enhanced and 

managed for conservation purpose, it will; 

 Retain approximately 20ha of CPW 

 Restore approximately 10ha off degraded land to a condition that mimics and supports 

the surrounding ecological communities 

 Enhance habitat availability 

 Address a number of key threatening processes and  

 Actively manage these areas for 5 years 
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 provide improved ecological linkages between Bow Bowing Creek and Mt Annan Botanic 

Gardens. 

In its current state of management, these areas would otherwise have continued to further 

degrade over time. 

The Structure of the VMP is designed to encompass the staged nature of the development. 

Sections 1-4 contains information relevant to the entire project site including the principles for 

restoration and management. Sections 5-7 contain information relevant to each specific Riparian 

Zone. 

Greening Australia has assessed and planned for the staged rehabilitation of the vegetation on 

this site, and sought to integrate these actions with the adjacent planned development and 

infrastructure within the Outer Riparian Zone (ORZ). 

It does not assess the site opportunities or constraints, nor specify requirements for: 

 Hydrology – flood levels and mitigation 

 Fish habitat 

 Location of infrastructure or design, beyond integration with the VRZ 

 Engineering controls for bank stability. 

The aim of the VMP is to ensure that the condition and integrity of the Riparian Zones are 

maintained where sufficient resilience exists and/or improved where assistance is required, to 

outline regeneration/restoration strategies to be employed on the project site, and establish clear 

targets against which restoration can be assessed, on a stage by stage basis. 

The VMP has been prepared in accordance with the NSW Office of Water (NOW) Guidelines for 

riparian corridors, however, it should be noted that Campbelltown Council may have 

supplementary conditions beyond those specified by the NOW. 

The VMP should be submitted with the Controlled Activity approval application to satisfy the 

conditions of the Water Management Act 2000. 

The following core objectives and outcomes are required under the Controlled Activity approval 

issued by OEH (formerly DECCW) and have informed this VMP: 

 Achieve sound naturalised watercourse and long term riparian area stabilisation and 

management by the enhancement/emulation of the native communities of the subject area 

 Demonstrate naturalised bed and bank stability of the affected watercourse/s 

 Demonstrate the protection of any remnant local native riparian vegetation and restore 

any riparian areas disturbed or otherwise affected by the development to a state that is 

reasonably representative of the natural ecotone. 
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1.3 Relevant Legislation 

A number of pieces of legislation apply to the project site, the key pieces of legislation that relate 

to the management of the Riparian Zones are provided below with a brief summary, this list is not 

exhaustive. 

Water Management Act 2000 

The Water Management Act 2000 is based on the concept of ecologically sustainable 

development – development today that will not threaten the ability of future generations to meet 

their needs. The Act recognises that:  

 the fundamental health of our rivers and groundwater systems and associated wetlands, 

floodplains, estuaries must be protected  

 the management of water must be integrated with other natural resources such as 

vegetation, soils and land  

 to be properly effective, water management must be a shared responsibility between the 

government and the community  

 water management decisions must involve consideration of environmental, social, 

economic, cultural and heritage aspects  

 social and economic benefits to the state will result from the sustainable and efficient use 

of water.  

The Water Management Act provides rules and guidelines relating to the design, rehabilitation 

and management of Riparian Zones. All planned works within or relating to the Riparian Zones 

within the project site must be approved under this Act. Further information can be found from 

http://www.water.nsw.gov.au/Water-management/Law-and-policy/Law-and-Policy 

Threatened Species and Conservation Act 1995 

The Threatened Species and Conservation Act 1995 (TSC Act) commenced on 1 January 1996 

and replaced the Endangered Fauna (Interim Protection) Act 1991.  

The main objectives of the TSC Act are to: 

 conserve biological diversity and promote sustainable development  

 prevent the extinction of native plants and animals  

 protect habitat that is critical to the survival of endangered species  

 eliminate or manage threats to biodiversity  

 properly assess the impact of development on threatened species  

 encourage cooperative management in the conservation of threatened species. 

http://www.water.nsw.gov.au/Water-management/Law-and-policy/Law-and-Policy
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Environmental Protection and Biodiversity Conservation Act 1999 

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is the Australian 

Government's key piece of environmental legislation which commenced 16 July 2000 

The objectives of the EPBC Act are to: 

 provide for the protection of the environment, especially matters of national environmental 

significance  

 conserve Australian biodiversity 

 provide a streamlined national environmental assessment and approvals process 

 enhance the protection and management of important natural and cultural places 

 control the international movement of plants and animals (wildlife), wildlife specimens and 

products made or derived from wildlife 

 promote ecologically sustainable development through the conservation and ecologically 

sustainable use of natural resources. 

Noxious Weeds Act 1993 

In New South Wales the administration of noxious weed control is the responsibility of the Minister 

for Primary Industries under the Noxious Weeds Act 1993. The Act is implemented and enforced 

by the Local Control Authority (LCA) for the area, usually local government. 

Weeds that are declared noxious are those weeds that have potential to cause harm to the 

community and individuals, can be controlled by reasonable means and most importantly, have 

the potential to spread within an area and to other areas. 

A weed is declared noxious because its control will provide a benefit to the community over and 

above the cost of implementing control programs. 

The Act imposes obligations on occupiers of land to control noxious weeds declared for their area. 

The Noxious Weed Act sets important requirements upon the owners of the project site to manage 

Noxious Weeds as they occur. While the majority of the site will be cleared for development all 

Noxious Weeds identified within the Riparian Zones must be managed in accordance with the 

requirements of this act. 

  

http://www.environment.gov.au/epbc/protect/biodiversity.html
http://www.environment.gov.au/epbc/assessments/process.html
http://www.environment.gov.au/heritage/index.html
http://www.environment.gov.au/biodiversity/wildlife-trade/index.html
http://www.environment.gov.au/biodiversity/wildlife-trade/index.html
http://www.dpi.nsw.gov.au/aboutus/about/legislation-acts/noxious-weeds
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1.4 Relationship to other reports/plans 

The VMP has been prepared with consideration to previous plans or reports relating to this site 

or the wider region. This has included but is not limited to: 

 Master Plan Summary Report University of Western Sydney, Campbelltown. Roberts Day. 

February, 2012 

 Landscape Master plans & Guidelines University of Western Sydney Francis-Jones 

Morehen Thorp Sept 2008 

 Keystone Ecological. Addendum Report Version 4, Macarthur Heights Residential 

Development, Campbelltown. Campbelltown LGA. February 2015. 

 Hayes Environmental. University of Western Sydney, Campbelltown Campus: Southern 

Lands Proposed Development. Ecology Assessment February 2012 

 Hawkesbury-Nepean Catchment Management Authority – Catchment Action Plan 

 NSW State Government, NSW 2021 A Plan to make NSW Number One. 

 Tree iQ. Arboriculture Impact Assessment Report, Tree Protection Specifications 

University of Western Sydney Campbelltown Campus. March 2013. 
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Section 2 
Project Site Characteristics 
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2. Project Site – Values and Characteristics 

2.1 Site Description 

The project site is located adjacent to the University of Western Sydney (UWS) Campbelltown 

Campus, and is bound by the Hume Highway to the west, Narellan Rd to the north and the 

Southern Railway line to the south and east (Error! Reference source not found.). 

Adjacent land use varies from infrastructure and transport easements, to the UWS and TAFE 

campuses and the Australian Botanic Gardens to the west (on the opposite side of the Hume 

Highway). 

The development footprint includes Lot 63 DP 1104486 and Lot 7 DP 253700. The land is a mix 

of surplus UWS land and UrbanGrowth NSW land. 

Figure 1 Site Location 

 

Image taken from Roberts Day, (Master Plan Report 2011) 
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The site itself has predominately been cleared of vegetation, and exhibits mostly open exotic 

grasslands, interspersed with remnant paddock trees and with some shrub regeneration on the 

ridge tops. Vegetation within the riparian zones is characterised by high percentage canopy cover, 

however with the exception of remnant canopy trees; the majority of this vegetation is exotic. 

The project site falls within the Georges River Catchment, with the ridge line within the Mt Annan 

Botanic Gardens forming a division between the Georges River and Hawkesbury-Nepean River 

Catchments. Therefore the creeks within the project site flow into the Georges River and 

ultimately into Botany Bay. Management actions that enhance the quality of water moving through 

the project site will have a net beneficial effect on down stream users. 

Site topography presents a series of undulating hills that grade into steep slopes along the creek 

lines within the western portions of the site, gradually flattening towards the east. 

Creek lines within the site are generally natural in form, although they do present highly modified 

vegetation type and structure, as well as containing farm dams. Natural form is lost once flows 

enter Bow Bowing Creek, which has been significantly altered through the construction of 

Harrisons Dam, below which the creek line has been converted into an open concrete channel. 

Soils and Geology 

Soils at the site are associated with clay soils found on undulating to rolling hills on Wianamatta 

Group shales.  

Soil limitations have been noted as being – high soil erosion hazard, localised impermeable highly 

plastic, moderately re-active subsoils, potential mass movement hazard (Soil Landscapes of the 

Wollongong-Port Hacking 1:100 000 Sheet, Soil Conservation Service of NSW, Sydney). 

Climate and Rainfall 

The closest active weather station to the site with long-term statistics is located approximately 

12.5km distance at the Camden Airport. Observations from this station that relate to mean 

temperature and rainfall measurements are provided in Error! Reference source not found. 

Based on this historic climate data, it is likely that assisted regeneration is best undertaken in 

autumn months, taking advantage of expected higher soil moisture content and reduced 

maximum temperatures.  
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 Climate Statistics Camden Airport AWS 

Observation Averages Max Min 

Temperature Max 23.6°C 

Min 10.2°C 

January 29.5°C July 3°C 

Rainfall Annual 770.1mm February 

101.6mm 

July 38.7mm 

Camden Airport AWS. Commenced 1943 Status Open 

Site Number 068192 

Latitude 43.04”S Latitude 150.69”E 

Elevation 74m 

 

2.2 Stream Orders 

A number of creek lines have been identified within the project site, the majority of which have 

their headwaters in the Australian Botanic Gardens, commencing at the natural ridgeline that runs 

approximately north-south adjacent to the Hume Highway.  

These creeks exit the Botanic Gardens and flow beneath the Hume Highway via culverts before 

flowing into a more natural landform within the project site. 

These creeks have been classified by J.Wyndham Prince using the Strahler System in 

accordance with the NSW office of Water Guidelines for Riparian Corridors on Waterfront Land. 

Stream Orders range from 1st through to 4th Order Streams, reflecting their relative location on 

site and upstream confluences (Figure 2 & 3). For the purpose of this VMP we have accepted 

this assessment as being true and correct. 

Creeks in the project site have been named as Riparian Zones and allocated a number from 1 to 

6, with an additional riparian zone identified, this being the Bow Bowing Creek realignment. 

Stream order classification and recommended widths for each creek are provided in Table 2.
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Figure 2 Stream Orders  
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Figure 3 UWS Campbelltown Riparian Zone Locations 

 



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

19 

 Stream Order Assessments 

Riparian Zone Water Course Type Vegetated Riparian 

Zone Width (Each 

side of watercourse) 

Total Riparian 

Corridor Width 

R1 2nd Order 20m from top of bank 40m + channel width 

R2 
2nd + 3rd Order 20m or 30m from top 

of bank 

60m + channel width 

R3 3rd Order 30m from top of bank 60m + channel width 

R4 2nd Order 20m from top of bank 40m + channel width 

R5 1st order 10m from top of bank 20m + channel width 

R6 

1st Order 10m from top of bank 20m + channel width 

2nd Order 20m from top of bank 40m + channel width 

Lake Precinct 3rd Order  30m from top of bank 60m + channel width 

Sportsfield Precinct 4th Order 40m from top of bank 80m + channel width 

2.3 Flora and Fauna 

Greening Australia has undertaken a series of site assessments to determine vegetation condition 

and habitat values. The data captured in this process has been used to inform management 

actions. Greening Australia did not assess fauna values for the site beyond observations relating 

to habitat structure. 

Hayes Environmental was engaged to undertake an Ecology Assessment of the Site entitled 

University of Western Sydney, Campbelltown Campus: Southern Lands Proposed Development. 

Ecology Assessment February 2012.  

Keystone Ecological was engaged to further assess the site, with specific focus upon determining 

the presence or otherwise of Meridolum corneovirens (Cumberland Plain Land Snail) and Pimelea 

spicata (Spiked Rice Flower). The outcomes of which are detailed in a report entitled Addendum 

Report Version 4, Macarthur Heights Residential Development, Campbelltown. Campbelltown 

LGA. February 2015. 
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The results of these reports, along with Greening Australia’s field survey data forms the basis 

from which we have developed the most appropriate management actions. Summaries of 

Greening Australia’s field assessments are contained within Section 3 and Appendix 1. 

The Keystone Ecological Report provides a framework from through which site management 

actions can be managed in an adaptive fashion should subsequent surveys pre-clearing identify 

the presence of Threatened Flora or Fauna. 

2.3.1 Flora 

Outside of the Riparian Zones the site is generally highly degraded and exhibits very low levels 

of native resilience. Most vegetation in these areas has been cleared for historic agricultural use 

and landscape resilience is primarily restricted to isolated patches of remnant trees, pockets of 

regenerating shrub species (such as Bursaria spinosa and Acacia implexa), and small pockets of 

native grasses. 

Within closer proximity to the creek systems landscape resilience increases, in particular in those 

areas where there is a noticeable increase in frequency of remnant trees, many of which provide 

good habitat values such as natural nesting hollows. Nearer to riparian areas there is also an 

increase in shrub and ground layer resilience. However, the majority of land within the boundaries 

of the Riparian Corridors exhibited high levels of weed invasion, predominately African Olive and 

correspondingly low levels of native ground layer cover and diversity. 

Vegetation Communities 

Noting the highly degraded and modified state of vegetation at the site is it is difficult to accurately 

determine the boundaries and classification of historic vegetation communities. However all 

communities that would historically have occurred at this site are listed Endangered Ecological 

Communities (EECs) under the Threatened Species Conservation Act 1995.  

The Office of Environment and Heritage states that a remnant can be part of an 

endangered/threatened ecological community with or without trees and that degraded areas of 

native vegetation may still retain considerable conservation value. As such, we have used 

available mapping, site assessments, and other existing reports to determine the identity of 

vegetation communities that would likely have existed. 

The 2002 NPWS mapping project Native Vegetation Maps of the Cumberland Plain Western 

Sydney, assessed the site as containing Cumberland Plain Woodland (CPW) sub-communities 

Shale Plains Woodland (SPW) and Shale Hills Woodland (SHW), along with sections of River 

Flat Eucalypt Forest (RFEF), previously Sydney Coastal River Flat Forest. 

In addition to those mapped communities on site, there is potential that the vegetation matrix may 

be influenced by species diagnostic to the Moist Shale Woodland (MSW) which has been mapped 

within the Australian Botanic Gardens and located above the site in relation to water flow. 



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

21 

Notwithstanding the fact that vegetation at the site will be influenced by the riparian zones we 

concur with the Hayes Environmental Assessment that for the purpose of this Plan, all vegetation 

should be considered as being CPW with influences from the RFEF community. 

Cumberland Plain Woodland (SPW and SHW) and RFEF characteristics as described by the 

NSW Scientific Committee have been provided below, these communities are listed under 

Commonwealth and/or NSW State Government Legislation as shown in Table 3. 

 Site Vegetation Communities 

Vegetation Community  Commonwealth 

Environmental Protection 

and Biodiversity 

Conservation Act 1999. 

NSW 

Threatened Species 

Conservation Act 1995. 

Cumberland Plain Woodland 

– Shale Plains Woodland 
  

Cumberland Plain Woodland 

– Shale Hills Woodland 
  

River Flat Eucalypt Forest 

(Riparian Woodland) 
X  

River Flat Eucalypt Forest 

This vegetation type has been listed as an Endangered Ecological Community (EEC) under the 

TSC Act (NSW Scientific Committee). River Flat Eucalypt Forest includes and replaces the EEC 

known as Sydney Coastal River Flat Forest.  

The following description has been provided by the NSW Office of Environment and Heritage. 

River-Flat Eucalypt Forest on Coastal Floodplains of the NSW North Coast, Sydney Basin and 

South East Corner bioregions is the ecological community associated with silts, clay-loams and 

sandy loams, on periodically inundated alluvial flats, drainage lines and river terraces associated 

with coastal floodplains. River-Flat Eucalypt Forest on Coastal Floodplains generally occurs 

below 50 m elevation, but may occur on localised river flats up to 250 m above sea level in the 

NSW North Coast, Sydney Basin and South East Corner bioregions.  

Structurally the community may vary from tall open forests to woodlands, although partial clearing 

may reduce the canopy to scattered trees. Typically these forests and woodlands form mosaics 

with other floodplain forest communities and treeless wetlands, and often they fringe treeless 

floodplain lagoons or wetlands with semi-permanent standing water.  
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River-Flat Eucalypt Forest on Coastal Floodplains of the NSW North Coast, Sydney Basin and 

South East Corner bioregions has a tall open tree layer of eucalypts, which may exceed 40 m in 

height, but can be considerably shorter in regrowth stands or under conditions of lower site quality. 

While the composition of the tree stratum varies considerably, the most widespread and dominant 

trees include Eucalyptus tereticornis (Forest Red Gum), E. amplifolia (Cabbage Gum), Angophora 

floribunda (Rough-barked apple) and A. subvelutina (Broad-leaved Apple). Eucalyptus baueriana 

(Blue Box), E. botryoides (Bangalay) and E. elata (River Peppermint) may also be common south 

from Sydney.  

A layer of small trees may be present, including Melaleuca decora, M. styphelioides (Prickly-

leaved teatree), Backhousia myrtifolia (Grey Myrtle), Melia azaderach (White Cedar), Casuarina 

cunninghamiana subsp. cunninghamiana (River Oak) and C. glauca (Swamp Oak).  

Scattered shrubs include Bursaria spinosa subsp. spinosa (Blackthorn), Solanum prinophyllum 

(Forest Nightshade), Rubus parvifolius (Native Raspberry), Breynia oblongifolia (Coffee Bush), 

Ozothamnus diosmifolius, Hymenanthera dentata (Tree violet), Acacia floribunda (White Sally) 

and Phyllanthus gunnii.  

The ground layer is composed of forbs, scramblers and grasses including: Microlaena stipoides 

(Weeping Grass), Dichondra repens (Kidney Weed), Glycine clandestina, Oplismenus aemulus, 

Desmodium gunnii, Pratia purpurascens (Whiteroot), Entolasia marginata (Bordered Panic), 

Oxalis perennans and Veronica plebeia (Trailing Speedwell). The composition and structure of 

the shrubby and herbaceous understorey is influenced by grazing and fire history, changes to 

hydrology and soil salinity and other disturbance. This mid and ground stratum may also contain 

a substantial component of exotic shrubs, grasses, vines and forbs. 

Cumberland Plain Woodland 

Cumberland Plain Woodland was listed as an Endangered Ecological Community under the 

Threatened Species Conservation Act 1995 in June 1997 (NSW Scientific Committee 1997). 

The following description has been provided by the NSW Office of Environment and Heritage - 

“Cumberland Plain Woodland is the name given to the ecological community in the Sydney Basin 

bioregion associated with clay soils derived from Wianamatta Group geology, or more rarely 

alluvial substrates, on the Cumberland Plain. This includes the sub communities Shale Plain and 

Shale Hills Woodland. 

The mean annual rainfall of this area is typically in the range of 700-900 mm, and is generally 

lower than that received on more elevated terrain that partially surrounds the Plain. The 

community typically occurs on flat to undulating or hilly terrain up to about 350 m elevation but 

may also occur on locally steep sites and at slightly higher elevations.  

This community typically comprises an open tree canopy, a near-continuous groundcover layer 

dominated by grasses and herbs, sometimes with layers of shrubs and/or small trees. Shrubs can 

also occur as locally dense stands. Less disturbed stands of this community may have a woodland 
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or forest structure. After partial or total clearing small trees or saplings may dominate the 

community in high densities, while the groundcover layer may become sparse. The community 

also includes ‘derived’ native grasslands which results from removal of the woody strata from the 

woodlands and forests.”(OEH, 2011) 

Cumberland Plain Woodland is characterised by an upper-storey that is usually dominated by 

Eucalyptus moluccana (Grey Box) and E. tereticornis (Forest Red Gum), often with E. crebra 

(Grey Ironbark), E. eugenioides (Narrow-leaved Stringybark), Corymbia maculata (Spotted Gum) 

or other less frequently occurring eucalypts, including Angophora floribunda, A. subvelutina 

(Broad-leaved Apple), E. amplifolia (Cabbage Gum) and E. fibrosa (Broad-leaved Ironbark).  

The community may have an open stratum of small trees that may include any of these eucalypts, 

as well as species such as Acacia decurrens (Black Wattle), A. parramattensis (Parramatta 

Wattle), A.implexa (Hickory Wattle) or Exocarpos cupressiformis (Native Cherry).  

Shrubs are typically scattered in the understorey but may be absent or locally dense as a result 

of clearing activity or changes in grazing or fire regimes. Bursaria spinosa (Blackthorn) is usually 

dominant, while other species include Daviesia ulicifolia (Gorse Bitter Pea), Dillwynia sieberi, 

Dodonaea viscosa subsp. cuneata and Indigofera australis (Native Indigo). 

The ground cover is dominated by a diverse range of grasses including Aristida ramosa (Purple 

Wiregrass), A. vagans (Threeawn Speargrass), Cymbopogon refractus (Barbed Wire Grass), 

Dichelachne micrantha (Plumegrass), Echinopogon caespitosus (Forest Hedgehog Grass), 

Eragrostis leptostachya (Paddock Lovegrass), Microlaena stipoides (Weeping Grass), 

Paspalidium distans and Themeda australis (Kangaroo Grass), and with graminoids Carex 

inversa (Knob Sedge), Cyperus gracilis, Lomandra filiformis subsp. filiformis (Wattle Mat-rush) 

and L. multiflorus subsp. multiflorus (Many-flowered Mat-rush).  

The ground cover also includes a diversity of forbs such as Asperula conferta (Common 

Woodruff), Brunoniella australis (Blue Trumpet), Desmodium varians (Slender Tick Trefoil), 

Dianella longifolia (Blue Flax Lily), Dichondra repens (Kidney Weed), Opercularia diphylla, Oxalis 

perennans and Wahlenbergia gracilis (Australian Bluebell), as well as scramblers, Glycine spp. 

and Hardenbergia violacea (Native Sarsaparilla) and the fern Cheilanthes sieberi (Poison Rock 

Fern).  

Threatened Flora 

No threatened plant species or species that make up part of an endangered population were 

recorded during our assessments. This aligns with the assessment made by Hayes 

Environmental (2012). 

Pimelea spicata 

While not identified in prior reports or studies, there is potential for Pimelea spicata a species 

listed as Endangered under Commonwealth and State Legislation to be present. The site is within 
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this species known distribution and a search Bionet shows 6 prior recordings within the project 

boundaries, so there is potential for it to be present. 

This species is found on clay soils, and would once have been widespread on the Cumberland 

Plain. Grazing pressure and removal of shrub species that provided protection to this species 

have been identified as one of the reasons for its current status.  

Table 4 identifies the key threats to its longer-term survival as identified by The Office of 

Environment and Heritage and notes how these threats have been considered for this site. 

 Key threats and management actions 

Threats Management Actions 

Loss of habitat to urban development 
Protection and enhancement of Riparian 

Corridors 

High frequency fire will cause death of young 
individuals and stop recruitment to 
populations. 
 

Bushfire planning as described in the 

Bushfire Hazard Assessment Reports for 

Stages 1 to 3 (inclusive) prepared by Building 

Code and Bushfire Hazard Solutions Pty Ltd. 

Mowing, grazing, spraying or other types of 

similar habitat modification 

Removed intensive pressure from past land 
use. Riparian Areas managed in accordance 
with Recovering bushland on the Cumberland 
Plain, Best practice guidelines for the 
management and restoration of bushland. 
Department of Environment and 
Conservation (NSW). 2005. 
No construction machinery/disturbances to 
enter the corridors. 

Illegal dumping of rubbish Not applicable 

Slashing along fire trials causing damage to 

the species 
Not applicable 

Weeds including African olive, African box 

thorn, lantana, privets, green cestrum, 

blackberry, crofton weed, bridal creeper and 

exotic grasses pose an increasing threat to 

this species 

Planned removal or reduction in weed 
pressure through bush regeneration and 
rehabilitation plantings. Riparian Areas 
managed in accordance with Recovering 
bushland on the Cumberland Plain, Best 
practice guidelines for the management and 
restoration of bushland. Department of 
Environment and Conservation (NSW). 2005. 

Changed hydrology and soil movement 

Soil and Water Management Plans and 

Details prepared as part of the DA 

submissions for each stage.  
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Threats Management Actions 

Nutrient rich runoff / run-on 

Water Sensitive Urban Design principles 
incorporated within the Developments 
Hydrological “Stormwater Management 
Strategy Report” (JWP, March 2012) and the 
“Review of Stormwater Drainage Strategy 
Report” (JWP, April 2013) 

 

If Pimelea spicata is or is thought to have been identified the area should be noted via GPS, and 

all works in the immediate vicinity cease until confirmed or otherwise.  

If an individual or population is confirmed, it should be reported to the Office of Environment and 

Heritage and to Campbelltown City Council. A plan for the populations management will be 

required, developed in consultation in with all relevant stakeholders and be in accordance with 

the Department of Environment and Conservation (2005) Pimelea spicata R. Br.Recovery Plan. 

Department of Environment and Conservation (NSW), Hurstville NSW. 

Introduced Species 

All vegetation layers on site are dominated by introduced species, however within the footprint of 

the riparian zones the diversity of weeds is lower than might be expected, and appears to be a 

direct result of the dominance of African Olive which is creating a monoculture vegetation  through 

vigorous competition and shading competing species. 

African Olive tends to be dominant or close to dominant where remnant native trees such as 

Eucalyptus tereticornis remain in-situ, reflecting its primary means of dispersal - via birds. In 

locations without remnant canopy there is lower percent cover of African olive, and greater 

diversity of both native and exotic species. While this situation may simplify the initial weed control 

approach, the make-up of the soil seedbank is unknown and there is likely to be a flush of weed 

species, in addition to African olive recruitment post primary control. 

Greening Australia has undertaken a detailed assessment of the weed species and their extent 

within each Riparian Zone (described in more detail in Section 5). We have summarised the 

dominant weed species for each vegetation strata in Error! Reference source not found.5 

elow. 

 Dominant weed species in each strata  

Vegetation 

Strata 

Dominant 

Species 

Comments 

Canopy African Olive – 

mature 

Highly aggressive species. Seed remains viable for <3 

years within the soil profile. (Cuneo & Leishman, 2006)  
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Vegetation 

Strata 

Dominant 

Species 

Comments 

Mid-storey African olive Highly aggressive species. Seed remains viable <3 

years within the soil profile for within the soil profile. 

Ground-layer African Olive – 

Seedlings <30cms 

 

Rhodes grass 

Highly aggressive species. Seed remains viable for <3 

years within the soil profile within the soil profile. 

 

Highly aggressive, particularly along disturbed edges. 

Spreads via stolons and seed 

The weed species listed in Table 6 have been identified by the NSW Scientific Community as 

presenting a significant threat to the viability condition and health of the Cumberland Plain 

Woodland EEC (OEH, 2011). These weeds along with listed Noxious Weeds should form the 

focus of control during the rehabilitation of the Riparian Corridors, we have noted species that 

have been identified on site however this does not preclude the presence of other species now 

or over time. 

 NSW Scientific Committee Principle Weeds impacting upon CPW 

Botanical Name Common Name Identified on Site 

Anagallis arvensis Scarlet Pimpernell  

Araujia serciflora Moth Vine  

Asparagus asparagoides Bridal Creeper  

Aster subulatus Wild Aster, Bushy Starwort  

Centaurium tenuiflorum    

Chloris gayana Rhodes Grass  

Cyclospermum leptophyllum Slender Celery  

Cirsium vulgare Thistle  

Conyza sumatrensis Tall Fleabane  

Ehrharta erecta Panic Veldtgrass  

Eragrostis curvula African Lovegrass  

Heliotropium amplexicaule Blue Heliotrope  

Hypochaeris radicata Catsear  

Leontodon taraxacoides subsp. 
taraxacoides 

Lesser Hawksbit, Hairy 
Hawkbit 
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Botanical Name Common Name Identified on Site 

Olea europea subsp. cuspidata African Olive  

Paspalum dilatatum Paspalum  

Plantago lanceolata Lamb's Tongue, Plantain  

Richardia stellaris    

Senecio madagascariensis Fireweed  

Setaria parviflora Slender Pigeon Grass  

Sida rhombifolia Paddy's Lucerne  

Solanum spp. Nightshades  

Sonchus oleraceus Common Sowthistle  

Sporobolus africanus Parramatta Grass  

Noxious Weeds 

Noxious weeds must form part of the targeted weed control program to meet obligations under 

the Noxious Weed Act 1993. Table 7 provides a list of Noxious and Weeds of National 

Significance (WoNS) listed in the Campbelltown Local Government Area (LGA) (DPI, 2014). Only 

weeds recorded on site by Greening Australia have been included, complete records of Declared 

Noxious weed species can be found at http://www.dpi.nsw.gov.au/agriculture/pests-

weeds/weeds/noxweed/ 

 Noxious weeds recorded on site 

Scientific Name Common Name Declaration 
(Campbelltown LGA) 

Anredera cordifolia Madeira vine  3 

Asparagus asparagoides  
(syn. Myrisphyllum asparagoides, 
Asparagus medeoloides)  

Bridal creeper  4 

Asparagus species  Asparagus  4  

Asparagus plumosus Climbing Asparagus fern  2 (WoNS) 

Cestrum parqui Green cestrum  3 

Cylindropuntia species  Prickly pear  4 

Hypericum perforatum  St. John's wort  4 

Lantana species Lantana  4 WoNS 

Ligustrum lucidum  Privet (Broad-leaf)  4 

Ligustrum sinense  Privet (Narrow-
leaf/Chinese)  

4 

Lycium ferocissimum African boxthorn  4 

Nassella neesiana Chilean Needle Grass 4 

http://www.dpi.nsw.gov.au/agriculture/pests-weeds/weeds/noxweed/noxious-app-application?sq_content_src=%252BdXJsPWh0dHAlM0ElMkYlMkZ3ZWVkcy5kcGkubnN3Lmdvdi5hdSUyRndlZWRzUHVibGljJTJGQ291bmNpbCUyRkRldGFpbHMmYWxsPTE%253D&id=19&search=go
http://www.dpi.nsw.gov.au/agriculture/pests-weeds/weeds/noxweed/noxious-app-application?sq_content_src=%252BdXJsPWh0dHAlM0ElMkYlMkZ3ZWVkcy5kcGkubnN3Lmdvdi5hdSUyRndlZWRzUHVibGljJTJGQ291bmNpbCUyRkRldGFpbHMmYWxsPTE%253D&id=19&search=go
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Scientific Name Common Name Declaration 
(Campbelltown LGA) 

Olea europaea subspecies cuspidata 
(syn. Olea europaea subspecies 
africana) 

African olive  4 

Opuntia species except O. ficus-
indica 

Prickly pear  4 

Rubus fruticosus aggregate species Blackberry  4 WoNS 

Senecio madagascariensis Fireweed  4  WoNS 

Xanthium species Bathurst/Noogoora/Hunter/
South 
American/Californian/cockle 
burrs  

4 

Noxious Weed Classes 

2 – The plant must be eradicated from the land and that land must be kept free of the plant  

3 - The plant must be fully and continuously suppressed and destroyed 

4 - The growth of the plant must be managed in a manner that continuously inhibits the ability of 

the plant to spread and the plant must not be sold, propagated or knowingly distributed 

2.3.2 Fauna 

Threatened Fauna 

Hayes Environmental (2012) recorded the following threatened species listed under the TSC Act 

as occurring on the site: 

 Yellow-bellied Sheathtail Bat Saccolaimus flaviventris,  

 Large-footed Myotis Myotis adversus and 

 Eastern Freetail Bat Mormopterus norfolkensis.  

The report further describes the following fauna recordings. 

 Thirty-nine fauna species listed as threatened under the TSC Act and/or EPBC Act have 

been recorded previously in the locality (NSW Bionet).  

 Four additional threatened fauna species (the microchiropteran bats – Large-eared Pied 

Bat, Eastern False Pipistrelle, Eastern Bent-wing Bat and Greater Broad-nosed Bat) could 

be affected by development in accordance with the proposed master plan.  

 No fauna species being part of any relevant “endangered population” listed under the TSC 

Act were recorded during the field surveys, and no such species are considered likely to 

occur.  
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 Nineteen bird species listed as migratory under the EPBC Act are known or likely to occur 

in the locality and could occur within the study area on occasions. These species are 

considered further in Chapter 6. 

Cumberland Plain Land Snail – Meridolum corneovirens 

The Cumberland Plain Land Snail (CPLS), which is listed as Endangered under State Legislation, 

has been identified within the project boundaries. Prior to this recording it was not thought to be 

present, with previous records (BioNet) indicating that the last recording of 6 dead shells within 

the project’s boundaries was in2005 and one sighting of a live snail (dated 1999) that might also 

have been from within the site.  

Critical habitat requirements for the CPLS includes ground debris in the form of bark, leaves and 

logs, or shelters in loose soil around grass clumps and beneath native trees. Advice received 

from local experts and supported by the Project Ecologist suggests that even through the site is 

highly degraded, the presence of remnant canopy trees and native ground debris means that 

there is potential for the CPLS to be present. 

To ensure that the project does not impact upon the CPLS, the following management actions 

are to be implemented. 

1. Immediate pre-construction surveys are to be undertaken by the Project Ecologist in likely 

habitat; and 

2. If found, an approved Relocation Protocol will be acted upon. This will be integrated with 

the delivery of works associated with the VMP. The VMP is a flexible, living document so 

that the management of the Riparian Corridors can adapt for them to be a receiving site 

for the CPLS and / or respond to the otherwise unforeseen presence of the CPLS in the 

Riparian Corridors. 

The Relocation Protocol will define specific management actions if CPLS is found, but even in 

the absence of positive records of this species, it remains important that all management actions 

pay due regard to this species and seek to improve site vegetation composition, structure and 

ultimately its ecological functionality, via the removal of threatening processes where possible 

and through habitat enrichment. 

If the Bushland Contractor identifies or believes they have identified the CPLS, the area will be 

noted via GPS, tagged on the ground and all works in the immediate vicinity cease until its 

presence is confirmed or otherwise. At this point the Project Ecologist is to undertake a survey 

and provide advice regarding further action where required. 

Table 8 identifies the applicable key threats to this species longer-term survival as identified by 

The Office of Environment and Heritage and notes how these threats have been considered for 

the site. 
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 Key threats and management actions 

Threats Management Actions 

Clearing and degradation of Cumberland Plain 
Woodland remnants.  

Protection and enhancement of vegetation 

within the defined retained remnants / 

corridors 

No construction machinery/disturbances to 

enter the corridors. 

Weeds are considered a threat to the species, 
altering the composition of the litter that grows 
the fungi on which the species feeds.  

 

Removed intensive pressure from past land 
use.  
 
Corridors to be managed in accordance with 
Recovering bushland on the Cumberland 
Plain, Best practice guidelines for the 
management and restoration of bushland. 
Department of Environment and Conservation 
(NSW) 2005. 

Fires at inappropriate times, or too frequently, 

will destroy the habitat required by the species, 

or burn the groundcover in which it can be 

sheltering, leading to direct loss of individuals 

 

Bushfire planning as described in the Bushfire 

Hazard Assessment Reports for Stages 1 to 3 

(inclusive) prepared by Building Code and 

Bushfire Hazard Solutions Pty Ltd. 

Heavy grazing by domestic stock in areas the 
species occupies will reduce the amount of 
cover available and lead to loss by trampling 
and habitat change.  

 

Stock removed. Areas will only be subject to 

passive recreation. 

No construction machinery/disturbances to 

enter the corridors. 

As the species shelters under fallen logs, 
removal of this material for firewood or in 
'clearing up' can result in loss of ground habitat 
at sites occupied by the species.  

 

Retention of ground layer debris (particularly 
large logs) where already in place. 
 
Trunks of native trees felled during 
construction are to be relocated into retained 
native vegetation corridors. These are to be 
concentrated upslope and outside of the 
immediate creek bank. The location and 
density will be determined on a case by case 
basis. 
 
The heads of native trees to be felled are to be 
relocated intact into retained native vegetation 
corridors. These are to be concentrated 
upslope and outside of the immediate creek 
bank and particularly where native leaf litter is 
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Threats Management Actions 

sparse. This is intended to enhance the leaf 
litter and accelerate soil processes that in turn 
provide foraging habitat for the CPLS. The 
location and density will be determined on a 
case by case basis. 
 
Information relating to the snail and advising 
new residents about the impact of ‘clearing up’ 
bushland will be included in new resident 
packs. 

Introduced Species 

The following introduced species listed in Table 9 were recorded during the site assessment or 

are considered likely to occur. Of these species the European rabbit represents the most 

significant threat to the establishment of native vegetation however the remaining species reduce 

the functionality of the Riparian Corridors for native fauna. 

 Introduced Fauna Species Recorded on Site 

Species Common Name 

Vulpes vulpes European red fox 

Felis catus Domestic and feral cat 

Canis lupus familiaris Domestic dogs 

Oryctolagus cuniculus European rabbit 

Sturnus tristis Indian or common mynas 

2.4 Conservation Values 

The Riparian Zones contribute to landscape connectivity by providing ecological services that can 

benefit the wider region beyond the development footprint. Successful rehabilitation of the 

Riparian Zones will enhance these services including: 

 Increasing the connectivity between the Nepean River, Australian Botanic Gardens and a 

series of reserves that link to the Royal National Park 

 Improved water quality flowing into the Georges River Catchment 

 Increased local flora diversity and retention of species within the landscape 

 Enhanced habitat value for fauna. 
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The implementation of the management actions described will improve the condition of vegetation 

within the development site will result in; 

 The retention of approximately 20ha of CPW 

 The restoration of approximately 10ha off degraded land to a condition that mimics and 

supports the surrounding ecological communities 

 Enhance habitat availability for a range of fauna 

 The management of key threatening processes and  

Augmenting conservation values are the many social outcomes that the rehabilitation of the 

Riparian Corridors will deliver including: 

 Visual amenity 

 Health through recreation and exercise within and adjacent to the Riparian Zones 

 Sense of well being attributable to access to natural spaces 

 Training and employment through the delivery of rehabilitation works. 

The long-term effectiveness of the rehabilitation will be determined by the effectiveness of the 

techniques employed and by the management of identified Key Threatening Processes (KTPs) 

as identified in the TSC Act. 

Relevant KTPs for this site have been identified in Table 10 as well as proposed management 

actions to address them as part of the site management. 
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2.4.1 Key Threatening Processes 

The TSC Act lists 36 Key Threatening Processes (KTPs) Table 10 below lists 18 KTPs that are considered relevant to the Riparian Corridors and proposes management actions. 

 Key Threatening Processes – Relevant to the Project Site and Recommended Management Actions 

KTP Proposes Management Action 

Alteration to the natural flow regimes of rivers and streams and their floodplains and wetlands Adhere to Water Management Act 2000 Guidelines. Retain in stream structure. 

Anthropogenic climate change Source seed for assisted regeneration from a wide genetic pool to maximize resilience. 

Bush rock removal No natural rock to be removed from the riparian corridors.  

Clearing of native vegetation Minimize the extent of clearing wherever possible through sympathetic design. 

Competition and grazing by the feral European rabbit (Oryctolagus cuniculus) Implement a site specific control program if impacted upon the regeneration and 
establishment of native flora species. 

Forest Eucalypt dieback associated with over-abundant psyllids and bell miners Monitor vegetation, replant susceptible species. Modify existing vegetation structure so 
that it is less appealing to miner birds. Establish ground and shrub layer plantings to 
encourage natural predators of psyllids. 

High frequency fire resulting in the disruption of life cycle processes in plants and animals and loss of vegetation structure 
and composition 

Ensure asset protection zones are appropriate. 

Infection of native plants by Phytophthora cinnamomi Ensure hygiene protocols are adhered to by all contractors working within the Riparian 
Corridors. 

Introduction and Establishment of Exotic Rust Fungi of the order Pucciniales pathogenic on plants of the family Myrtaceae Ensure hygiene protocols are adhered to by all contractors working within the Riparian 
Corridors. 

Invasion and establishment of exotic vines and scramblers Control where identified as part of the bush regeneration program. 

Invasion of native plant communities by African Olive Olea europaea L. subsp. cuspidata  Control where identified as part of the bush regeneration program. 

Invasion, establishment and spread of Lantana camara Control where identified as part of the bush regeneration program. 

Invasion of native plant communities by Chrysanthemoides monilifera (bitou bush and boneseed) Control where identified as part of the bush regeneration program. 

Invasion of native plant communities by exotic perennial grasses Reduce extent and re-establish diverse native grass and ground layer species  

Loss of hollow-bearing trees Retain all dead wood and hollows within the riparian zone. Salvage and place logs from 
adjacent stands of vegetation to be cleared. Implement a nest box program. 

Predation by the European red fox (Vulpes vulpes) Monitor and control if required. 

Predation by the feral cat (Felis catus) Monitor and control if required. 

Removal of dead wood and dead trees Retain all dead wood and hollows within the riparian zone. Salvage and place logs from 
adjacent stands of vegetation to be cleared. Implement a nest box program. 
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Section 3  
Restoration Principles 
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3. Ecological Restoration 

Restoration and regeneration works will aim to achieve multiple outcomes on land to be retained 

as part of the Riparian Corridors, including: 

 Ecological – native flora and fauna 

 Social – paths and trails, aesthetics 

 Economic – training and employment. 

Under the legislation the minimum widths of the riparian zones have been determined and it is 

within this space that there is a requirement to establish vegetation structure, complexity and 

function that will facilitate the above outcomes. Therefore, the works proposed in this VMP do not 

aim to recreate a historic vegetation community, but rather seek to re-establish a novel or 

naturalistic vegetation that bears resemblance to and provides similar services to historic 

communities, and also engages the new community members thereby increasing its value and 

level of protection locally. 

The following section details the core principles and actions required to achieve these outcomes 

as it relates to ecological management, and how they are to be integrated with the built 

environment. 

3.1 Guiding Principles 

The following principles guide the rehabilitation approach applied to this project: 

 Focus upon natural regeneration where possible 

 Utilise most current restoration knowledge and techniques  

 Consider ecological principles in re-establishing plant and faunal diversity  

 Utilise the most cost effective means to restore biodiversity  

 Stage works in a manner that allows for effective control of weed re-growth 

 Where possible engage community in the restoration process.  

3.2 Overview of Management Techniques 

Management actions include a range of interventions that represent a continuum of approaches 

from low input to high input. Actions should be ecologically appropriate, cost effective and suitable 

for the site. Actions should align with the level of site resilience and should reflect the desired site 

outcomes. 

Provided below is an overview of the main management actions applicable to this site that would 

be incorporated, to varying degrees throughout the restoration program. 
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3.2.1 Provision of Genetic Material 

All genetic material (seed and vegetative) used to produce plants or for broadcast on the site 

must be sourced from within an appropriate range. Range is dictated by a variety of factors 

including: 

 Species distribution range 

 Species distribution methods 

 Availability of genetic material on site 

 Capacity of site or surrounds to supply sufficient species or material 

 Approvals to collect. 

Where population size is appropriate, preference should be given to seed sourced from site or as 

close to site as possible. However this may be inappropriate where the existing development 

actions have limited genetic resources available.  

We recommend that the following guidelines are used as the initial basis for sourcing seed: 

 Canopy species – sourced from within 5km of the project site, unless unavailable 

 Shrub species – sourced from within 15km of the project site, unless unavailable 

 Grass species – sourced from the wider Sydney bio-region 

 Herbs and Forbs – sourced from as close to site as possible (mixing seed from disparate 

populations to increase genetic inputs if local populations are small)  

 Ephemeral species – sourced from the wider Sydney bio-region 

 Wetland species - sourced from the wider Sydney bio-region. 

Potential collection locations/populations in nearby areas may suffer many of the same 

degradation issues as the project site. Therefore to enable the seeding of diverse ground layer 

vegetation there will be a requirement to source seed into this project from commercial suppliers. 

Seed should only be purchased from suppliers who can confirm the collection site and quality of 

seed. 

Where seed collection is undertaken it must be done in accordance with Florabank Guidelines, 

the recognised industry standard for the collection, handling and care of genetic material in 

Australia. 

All collection must record information including: 

 Date of collection 

 Location – GPS point 

 Species and number of individual collected  
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 Quantity collected. 

All seed is to be cleaned to an appropriate level and then stored in a controlled environment 

designed for seed storage. 

All batches stored in the Seedbank are to be entered into a database capable of generating stock 

reports. These reports are essential to effective dispatch of seed to a nursery for propagation. A 

list detailing the seed used in the project is to be provided during the project reporting process 

and must state collection locations or source. 

Seed Resources (SR) – Provenance collection & Seed production areas  

Provenance seed collection (SR-c) – seed collected locally from remnant areas is a critical 

component of high quality restoration programs. Seed collection requires effective planning, 

experienced practitioners and a timeline that enables the collection of a broad range of species 

over multiple collection seasons.  

Several years may be required to enable the collection of sufficient seed for broad acre restoration 

projects, particularly if direct seeding is being utilised. Seed procurement should be considered 

from the beginning of the planning stage of a project. Florabank accredited collectors are 

recommended for high quality outcomes.  

Seed Production Areas (SR-spa) - Remnant areas may not always be able to provide the seed 

resources necessary for biodiverse restoration. In these instances, the establishment of dedicated 

seed production areas can augment wild collection, boosting seed volumes, genetic and species 

diversity. Areas within higher quality remnants can also be managed for seed production. In these 

areas management actions are consistent with SPA management except the installation phase 

is omitted. 

3.2.2 Plant supply 

All plants must be grown by a nursery that specialises in the care and management of native 

plants. This is essential when using high value seed, ensuring that integrity and knowledge of 

plant provenance can be verified. 

Hybrid plant species are not acceptable within or in areas adjacent to the Riparian Zones. 

The nursery must have established hygiene protocols for the management of plant 

moulds/diseases such as Phytophthora cinnamomi and Myrtle rust. 

Hiko cells are an ideal size for this type of restoration for all vegetation strata. Hikos have a high 

root to stem ratio which reduces resource requirements such as water, and are cost effective and 

quick to produce. 

Plants supplied to the project for restoration should be in good health and not root bound, however 

there is no requirement that plants be single stemmed as might be found in landscaping 

specifications. 
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3.2.3 Natural Regeneration (NR) 

Natural regeneration refers to situations in which no intervention or management actions are 

required as natural disturbance regimes and regeneration processes are intact. Natural 

regeneration is the germination of native species (trees, shrubs and groundlayer species) from 

seed available within the soil seedbank or from seed fall from existing vegetation. It may also 

include regeneration without seed such as coppicing and growth from lignotubers.  

It is always the preferred and most cost effective approach to restoring natural areas. Natural 

regeneration ensures that:  

 the vegetation community’s genetic integrity is maintained (the potential for inbreeding 

depression should be assessed) 

 the restoration is randomly spaced and a large number of plants can be established at a 

range of scales. 

Natural regeneration is subject to seasonal variation based on climatic conditions, may require 

disturbance triggers such as fire or flood and is dependent on the amount of reproductive material 

(seed or other) available within the site. Natural regeneration is negatively impacted by 

competition from exotic species.  

Incorporating the addition of non-living biota such as fallen logs and rocks may be important when 

they are absent from remnant areas as these elements are important components of functioning 

habitats. 

3.2.4 Assisted Natural Regeneration (ANR) 

Disturbance of natural ecosystems through events such as fire and flood are natural processes 

essential to the healthy functioning of community and ecosystem dynamics. Disturbance events 

can provide inducements for germination and opportunities for increased resource availability 

such as sunlight, nutrients, moisture and access to seedbeds. Assisted natural regeneration is a 

relatively low cost management action appropriate where vegetation community resilience is high. 

Examples of disturbances triggered through management actions include fire management 

regimes, irrigation, soil disturbance such as ripping, reduction in plant mass through slashing and 

chemical application to reduce exotic competition. 

(ANR-s) Slashing – can be used to reduce biomass, particularly for ground layer species such 

as grasses and also to control plants by regularly cutting down tall growth. Slashing is usually 

conducted by a tractor mounted slasher. Care should be taken to slash species at appropriate 

times; prior to seeding for exotic species and post seed set for native species. Differential cutting 

is the raising or lowering of the slashing height to advantage or disadvantage specific species.  

 (ANR-ae) Abiotic elements – these elements, including large logs and timber of various sizes, 

dead trees, rocks and leaf litter are important components of functioning habitats. Physical 

structures provide shelter, nesting sites, perches, and food sources for an array of native fauna 
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species including birds, reptiles and insects. They also create environments for non-vascular 

plants to grow on such as mosses, fungi and lichens. Nesting boxes form an extension to this 

type of habitat provision.  

The riparian zones within the project site present varying degrees of resilience both within and 

between zones. Their capacity to naturally regenerate is in many cases very low-nil, or restricted 

to only certain strata. In general it can be assumed that wherever an extensive African olive stand 

exists, significant focus will be required on the ground layer. More detailed analysis of zone 

specific assessments are provided in Section 5.  

Table 11 provides a brief summary of the main techniques to be deployed on site and likely timing. 

 Opportunities to assist in natural regeneration 

Technique Situation Timing 

Grassland Seeding 

 Machine sowing 

 Hydro-seeding 

 Hand broadcast 

Where the soil profile is bare and 

has very low-nil potential to 

regenerate. 

Ideally in early spring, or 

alternatively early Autumn. 

Seeding should occur as soon 

as feasible post weed removal or 

scalping. 

Revegetation 

 Tubestock planting 

 Transplanting 

Where there is a requirement to 

boost the diversity of a given 

location or where seeding is not an 

option. 

Ideally in early spring, or 

alternatively early Autumn. 

Brush matting Opportunistic collection and 

spreading of seed bearing 

branches. Do not over harvest 

donor plants. 

Species dependant, however 

primarily during peak seed 

season spring/summer.  

Placement of logs and 

debris 

Logs created during adjacent site 

clearing should be placed within 

the RZ. 

As available, preferably timed to 

take advantage of existing site 

machinery where required. 

3.3 Revegetation (R) 

In locations assessed as having very low-nil capacity to regenerate there are a range of options 

available to re-introduce appropriate vegetation cover. The approach taken depends on a number 

of site specific factors as well as other considerations is shown in Table 12. 
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 Pros and Cons of different regeneration approaches* 

Direct seeding Tubestock planting Natural regeneration 

(+) Lower establishment 
costs 

(+) More reliable 
(+)Plants are well-adapted to 
the site 

(+) Natural look and more 
diversely structured 

(+) Uniform 
(+)Establishes healthiest 
plants 

(+) Establishes healthier 
plants 

(+) Revegetation is visible to 
passers by  

(-)May have to wait for a long 
time for results 

(-) Long establishment times 
may lead to more 
maintenance such as weed 
control. 

(-) Often results in unnatural 
looking rows 

(-)Needs an adjacent or 
nearby seed source 

(-) Ants have been known to 
take seed 

(-) Higher establishment 
costs 

(+)Lowest establishment 
costs 

(-) Uses lots of seed 
(+) Uses small quantities of 
seed 

(-) Long establishment times 
may lead to more 
maintenance such as weed 
control. 

*Information provided by Florabank. 

Tubestock planting (R-t) 

Revegetation through tubestock planting is a reliable method of re-establishing native species in 

the landscape. Although more labour intensive than other methods such as direct seeding, the 

use of tubestock provides other benefits such as: high establishment rates, instant onsite results, 

highly efficient use of native seed resources and control over the placement and spacing of trees 

& shrubs. Whether the planting of native seedlings is undertaken mechanically or by hand, 

adequate site preparation is essential.  

A high level of efficiency can be achieved with the use of planting equipment when installation is 

preceded by effective planning and ground preparation. Mechanical planting is particularly 

effective where soils are friable and rainfall is high. Tubestock planting can be effective for both 

small-scale and large-scale revegetation projects and is also ideal for engaging the community 

on both social and educational outcomes.  

Direct seeding (hand/ mechanical) (R-ds) 

Direct seeding involves the sowing of treated or untreated seed directly on to prepared ground to 

achieve germination and establishment. It can be conducted via a mechanical seeding machine 

or can simply be conducted by hand. Key factors in direct seeding success include: site 

preparation, appropriate timing and post implementation weed control. Direct seeding has many 

applications, for both broad scale revegetation and for small scale niche seeding by hand.  

Some of the benefits of revegetation conducted by direct seeding are a lower per plant cost of 

implementation, plants established by direct seeding develop deep strong root systems that are 
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resilient to drought, plantings are spaced in a random pattern reflecting a more natural system, 

plant roots are undisturbed by nursery handling and the overall labour input is minimised. The 

disadvantages of direct seeding include the inefficient use of native seed and sporadic 

germination of seed in the field. Accessing native seed can be a major constraint where local 

seed resources are not available. Effective planning is essential where provenance seed 

collection is required to ensure that resources are available at the seasonally appropriate time. 

Direct seeding (mechanical) – this process involves the use of a mechanical seeding machine 

to prepare a seed bed (usually a shallow scalp using a disc) to provide a weed free strip, 

cultivation of the scalp line to create an appropriate seed bed, deposition of seed onto the 

prepared area and a press wheel to ensure maximum seed contact with the soil. Sowing in to 

moist soils is preferred. Large areas can be covered by a single person in a day providing 

opportunities for large scale restoration at low cost. This technique can compliment a range of 

other restoration techniques. 

Direct seeding (hand) - is an appropriate method for small scale areas and for areas where 

access and slope are issues. Preparation of an effective germination bed through adequate site 

preparation remains essential. This ensures that the broadcast seed has good contact with the 

soil and that weed competition is minimised. Examples of hand seeding include: broadcast 

sowing, spot sowing, niche seeding and brushmatting. The advantages of hand sowing include: 

low cost, suitable for remote and machine inaccessible areas, suitable for rocky terrain, involves 

little soil disturbance, improved control over the placement and density of plants through seed 

application. This technique can compliment a range of other restoration techniques.  

Translocation and Transplanting (R-tt) – this technique involves the movement of plant 

material from a source population to a donor site without the use of plant nursery facilities. Not all 

plant species are suitable for this revegetation method. Species most suitable are those that 

utilise rhizomes or stolons for vegetative growth. Small sections of established vegetation (source 

population) are dug up to provide vegetative material to be planted into donor sites.  

Care must be taken to ensure that the source population is not depleted or left vulnerable to weed 

invasion. Translocation is best conducted immediately after the plant material is available (the 

same day). This technique is low cost compared to the cost of propagating and establishing plants 

in a nursery. This technique is best applied in the cooler months (April – May) following significant 

summer rains (Paget 2010). 
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3.4 Weed Management (WM) – Bush Regeneration & Site Preparation 

Weed management is an essential component of any natural area restoration project. It is a key 

component of bushland regeneration as well as an essential component of site preparation for 

revegetation activities. Successful establishment of revegetation is dependent on both weed 

control prior to installation and site maintenance following installation.  

Weed management can be considered in three key stages as described in Table 13. 

 Stages of Weed Control 

Stage Targets Outcomes 

Primary weed control 

Initial control of 

target weeds 

-Habitat changing weeds, those that 

impair the ecological structure and 

function of the site 

-Noxious weeds 

-Mature seed bearing weeds 

-Dense infestations (these however 

may have staged removal in 

consideration of fauna) 

-Weeds that are impeding native 

regeneration 

-Removes the bulk of above ground 

weed material, thereby also 

improving access 

-Reduces  the local weed seed 

source, and 

-Helps to create conditions suitable 

for germination of natives species 

-Stimulates a flush of exotic weeds 

allowing for rapid reduction in weed 

seed bank. 

Secondary weed control 

Usually carried 

out 3-12 months 

after primary 

weeding. 

-Weed re-growth 

-Weeds missed during primary stage 

-Weeds that are flowering and 

seeding 

-Next stage of  removal of dense 

infestations where fauna is a 

consideration 

-Increased opportunity for natural 

regeneration 

-Facilitates increased native species 

diversity 

-Reduces recruitment into weed 

seed bank 

Follow up weed control 

Follow up 

weeding is 

usually carried 

out for several 

years -Timing is 

determined by 

site conditions 

and response 

-Weed re-growth 

-New seedlings 

-Increased target species 

-Monitoring and care of regenerating 

native species 

-Further stages of removal of dense 

infestation where fauna is a 

consideration 

-Ensures weeds are removed when 

young, cost effective as less time is 

required on site 

-Reduces weed management issues 

through time 

-Continues to allow increased 

biodiversity 
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Weed management (WM-br) – Bush Regeneration 

Weed control in this context aims to remove threats to the longevity and resilience of native plant 

communities through the removal of exotic weed species. This technique is applied where 

remnant areas contain medium to high levels of resilience, species diversity and structural 

complexity. Bush regeneration weed management techniques can be applied at a range of scales 

using a variety of equipment.  

Some of the main bush regeneration techniques are described in Table 14; and Appendix 5 

provides a list of weed management techniques for common weed species. 
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 Bush regeneration and weed management techniques 

Technique Approach Situation 

Mechanical 
clearing 

 The area to be treated is assessed for areas of resilience or plants to be retained 

 Mechanical clearing access the site and mulches weed species to just above the soil profile 

 Operation is to be undertaken under the supervision of an ecologist 

 Site is then followed up to treat re-shooting plants or those located to close to a native species to be cleared 

Utilised where woody weed domination is close to or at 100% 

and there is little or no risk of off target damage. 

Should not occur within 5m of the edge of top of bank. 

Scalping  Soil profile is assessed to determine the minimum depth of scalping required 

 A grader or bobcat accesses the site and removes the soil profile to the specified depth 

 Soil is utilised elsewhere on site 

 Site is then seeded 

Utilised where there is no resilience within ground layer 

vegetation, and where the soils have high levels of nutrients 

and/or weed seed making the site hostile to native plant 

establishment. 

Cut and Paint  
 
 
 

 

 Make a horizontal cut as close to the ground as possible with secateurs, loppers, brush-cutter, chainsaw or a bush 
saw. Cuts should be horizontal to prevent herbicide from running off the stump. Please note that sharp angle cuts are 
hazardous 

 Immediately apply herbicide to the exposed flat stump surface before the plant cells close and translocation of 
herbicide ceases 

 If plants re-sprout, cut and paint the shoots after sufficient regrowth has occurred 

Targeted control of woody weed species. A good technique for 

clearing weeds from areas that retain native species. 

 

Drilling 
 

 At the base of the tree drill holes at a 45 degree angle into the sapwood at 5 cm intervals. For multi-stemmed plants, 
inject below the lowest branch or treat each stem individually. Plants should be healthy and actively growing. 

 Immediately fill each hole or cut with herbicide 

 before the plant cells close (within 30 seconds) and 

 translocation of herbicide ceases 

 Repeat the process at 5 cm intervals around the tree 

A fast method of woody weed control that leaves treated plants 

in-situ. This technique is ideal in areas that do not need to be 

cleared of above ground biomass or where it is opportune to 

retain above ground biomass to protect the soil profile or as 

protection for small birds. 

Foliar 
application of 
herbicide 

 Herbicide is delivered to a plant, as per the label, directly to the leaves.  

 The plant is then left in-situ to die. 

 Best conducted when the plant is actively growing to maximise uptake and prior to seeding. 

A fast and effective means of controlling weeds over a large 

area. Should not be used where there are high levels of 

resilience due to the risk of off-target control. 

This can be minimised by the choice of delivery mechanism – 

high volume sprayer, splatter packs, knapsacks. 

Frilling or 
Chipping 

 

 Make a cut into the sapwood with a chisel or axe. For multi-stemmed plants, chip below the lowest branch or treat 
each stem individually. Please note that plants should be healthy and actively growing 

 Immediately fill each hole or cut with herbicide before the plant cells close (within 30 seconds) and translocation of 
herbicide ceases 

 Repeat the process at 5 cm intervals around the tree 

Similar to drilling, but utilising traditional tools. A good back up 

if battery packs run low or for opportunistic treatment of weeds. 

Scrape and 
Paint 

 

 With a knife, scrape 15 to 30 cm off the stem to reach the layer below the bark/outer layer. No more than half the 
stem diameter should be scraped. Do not ring bark. Larger stems (>1 cm) should have two scrapes opposite each 
other 

 Immediately apply herbicide along the length of the scrape. Vines can be left hanging in trees after treatment 

 Aerial tubers on Madeira vine should die with the plant when stem scraping is used. Those that fall from the plant in 
the scraping process need to be bagged 

Used primarily on vines or small multi-stemmed weed species. 

This treatment is designed to treat and kill the weed species in-

situ, the plant is treated and herbicide taken up over time. 
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Technique Approach Situation 

Skirting 

Process 

 

 Cut stems of vines leading into the tree canopy at approximately waist height. This will kill the top of the vine and 
allow light to reach the plant being smothered. 

 Cut and immediately paint stems still attached to the soil with herbicide or if this is prohibitive rake and foliar spray or 
apply herbicide to  cut material with an appropriate herbicide 

Used where vines have grown into the canopy of shrubs or 

trees and are smothering them. A rapid means of freeing up 

native plants. 

Hand 

removal 

Process 

 Take hold of one runner and gently pull it along the ground towards you 

 Check points of resistance where fibrous roots grow from the nodes. Cut roots with a knife or dig out with a trowel 
and continue to follow the runner 

 Manually remove the major root systems or scrape/cut and paint with herbicide 

 Bag any reproductive parts 

Generally used when focussing on small high quality patches. 

This techniques ensures that control is very targeted, but is 

time consuming and not economical over large degraded 

areas. 

Removal of 
plants with a 
taproot 

 

 Gently remove and bag seeds or fruit 

 Push a narrow trowel or knife into the ground next to the taproot. Carefully loosen soil. Repeat this step around the 
taproot 

 Grasp stem at ground level, rock plant backwards and forwards and pull gently 

 Gently tap the roots to dislodge soil. Replace disturbed soil and lightly pat down 

Generally used when focussing on small high quality patches. 

This techniques ensures that control is very targeted, but is 

time consuming and not economical over large degraded 

areas. 

Removal of 
Plants with 
Bulbs, Corms 
or Tubers 

 

 Move leaf litter away from base of plant 

 Dig down next to the stem until the bulb or tuber is reached. Further digging may be required for plants with more 
than one tuber (e.g. arrowhead vine) 

 Remove plant and carefully bag the bulb or tuber. 

 Some bulbs (e.g. oxalis, onion weed) may have small bulbs attached or present in the soil around it. These need to 
be removed 

Used on plants that cannot be effectively treated by foliar 

application of herbicide. Can be time consuming but is effective 

if done properly. 

Crowning  
 

 Gently remove and bag stems with seed or fruit 

 Grasp the leaves or stems together so that the base of the plant is visible 

 Insert, at an angle, a knife or lever, close to the “crown” (woody section at base of the plant) 

 Cut through all the roots around the crown (Note: roots and tubers can be left in situ) 

 Remove and bag the crown 

Generally used when focussing on small high quality patches. 

This techniques ensures that control is very targeted, but is 

time consuming and not economical over large degraded 

areas. 
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Weed management (WM-sp) – Site preparation 

Site preparation is an essential component of every revegetation program. Effective preparation 

and post installation maintenance produce the best conditions for plant germination, survival and 

growth are therefore key to producing successful, cost effective restoration outcomes. Ideally, site 

preparation should begin 12months before seeding or planting. Options for weed control include 

chemical methods (mechanical or hand spraying) with a range of chemical products. Planning 

and product selection are important to ensure that the activities are effective, appropriately timed 

and that chemical release into the environment is minimised.  Chemicals available include those 

suitable for targeting specific plant types (e.g. broadleaf species), pre-emergent which inhibit 

germination from in-soil seedbanks and knock-down sprays which are effective on most plant 

species.  

Soil preparation methods are also effective in contributing to the management of weeds. Effective 

preparation types include: scalping which involves the removal of the weed seedbank in the top 

soil by hand or by mechanical means, cultivation through the use of a spring-tyned harrow or 

hand tools for smaller sites.  

Top Soil Removal – physical mechanical removal of topsoil is a technique that enables the 

removal of weed seeds and nutrient loading which have occurred as a consequence of past land 

management practices (Gibson-Roy et al 2010). It provides an environment more suitable to the 

establishment of native plants compared to exotic species. A suitable application for this 

technique is preparation for the establishment of native seed production areas (SPA). This 

technique can also be used for the reintroduction or enhancement of groundlayer vegetation into 

lower condition communities where species do not appear through natural recruitment. The 

technique requires the use of large machinery and so site access must be considered.  

3.5 Habitat Management 

Improving the habitat potential within the RZ is an essential component of the rehabilitation of 

these areas; the Hayes Environmental Report (2012) provides a detailed list of threatened fauna 

species that could occur within these areas and their habitat requirements, as well as common 

species that have been observed on the site. 

Figure 4 shows some of the 'building blocks' of habitat (Curtis et al., 1994).  
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Figure 4 Key Habitat Features 

 

Source:Curtis et al (1994) 

The project site does not present all of the above elements, and management actions should be 

established to redress this situation where possible. Planning needs to be considered in the 

context of the site where a range of factors are operating that reduce the habitat value of the RZs. 

Many of these factors can be addressed during the rehabilitation of these areas. Table 15 

provides an overview and recommended management actions. 
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 Habitat Enhancement Options 

Site constraint Management Actions 

Disconnection with 

surrounding habitat 

Increase connectivity within the site context through the 

management of the RZs. Liaise with the Australian Botanic 

Gardens about increasing habitat values in a coordinated 

manner. 

Integrate native species into landscaping. 

Infrastructure – roads, 

railways 

Minimise impact of new infrastructure. 

Changed structure due to 

African olive dominance 

Clear African olive from the site and commence a replacement 

strategy to establish native species. 

Lack of native grasslands Re-establish native grasslands and associated species where 

possible.  

Integrate native species into landscaping. 

Lack of hollows and roosts Implement a nest box program that provides for a range of 

habitat requirements. 

Salvage large tree trunks from loss areas and replace within 

the RZ with the root crown at the top for raptors. 

All works are to be undertaken under the supervision of the 

bushland contractor. 

Reduced ground layer litter – 

logs, rocks etc 

Salvage and place trucks and logs from adjacent clearing. 

Salvage and place rocks from adjacent clearing. 

All works are to be undertaken under the supervision of the 

bushland contractor. 

Many of the recommended habitat management options are costed under the management of 

the sites vegetation. Where possible other actions such as nest boxes or creation of tree hollows 

have been included within the fee estimate. However other actions will require multiple parties 

working collaboratively together and cannot be costed at this stage. 
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3.6 Relationship to built/managed areas 

The Riparian Corridor will be impacted by and integrated with adjacent and incorporated 

infrastructure associated with the development, it is not feasible to completely exclude 

infrastructure from the corridor. Indeed encouraging passive use of the corridor can yield positive 

outcomes for the Riparian Corridor making it a valued community resource and therefore 

engendering ownership and protection.  

The NSW Office of Waters Guidelines for riparian corridors specifies the type, location and 

conditions under which infrastructure maybe incorporated within the RZ. A summary of the main 

points are provided within this section, further specific detail is provided on the NSW Office of 

Water website. 

3.6.1 The Averaging Rule 

Non riparian corridor works and activities are able to be included within the outer riparian corridor 

(ORZ), provided the average width of the vegetated riparian zone is achieved over the length of 

the watercourse within the development site. Therefore non-riparian uses are acceptable, but 

only if the equivalent area is protected and fully restored elsewhere within and connected to the 

RZ. 

The inner riparian zone (IRZ) must be fully protected and restored, infrastructure permissible 

within this area is restricted primarily to creek crossings (vehicle, bike and pedestrian) and 

depending upon the Stream Order on-line detention basins, see Table 16. 

Infrastructure and other essential services do not need to be offset, provided they comply with 

the requirements set out in the Office of Water controlled activities guidelines. In all cases, 

infrastructure should endeavour to be located in areas that present low environmental value, with 

subsequent offsets seeking to protect higher quality environmental land where feasible. 

In all instances infrastructure that is to occur within or abutting the RZ should be designed to 

ensure that it is sympathetic to the ecological values of the RZ. Guiding principles include; 

 Implement passive control measures that restrict unwanted access 

 Landscape species should be endemic to the area, no exotic species to be used in 

landscaping in these locations 

 Any disturbance creating during construction should be remediated to a level that 

integrates with the Bushland Corridor 

 Seek to integrate community amenity and education 

Appendix 7 contains the Draft Concept Master Plan for R1 to R5.  
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The NSW Office of Water Guidelines provides a framework for infrastructure occurring within the Riparian Zone. This is presented Table 16. 

 Infrastructure Guidelines – Riparian Zones 

Stream 
order  

Vegetated 
Riparian 

Zone (VRZ)  

RC off-
setting 
for non 

RC 
uses  

Cycleways 
and paths  

Detention basins Stormwater 
outlet 

structures 
and 

essential 
services  

Stream 
realignment  

Road Crossings 

Only 
within 

50% outer 
VRZ 

Online Any Culvert Bridge 

1st 10m ● ● ● ● ● ● ●   

2nd 20m ● ● ● ● ●  ●   

3rd 30m ● ● ●  ●   ● ● 

4th + 40m ● ● ●  ●   ● ● 

 

 Indicates where works are permitted
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Landscaping adjacent to Riparian Zones 

Landscaping areas adjacent to Riparian zones are to use species that would naturally occur within 

this area and blend with the adjacent natural areas. Exotic species can be used in feature planting 

locations: however they must be assessed for their potential to invade the bushland and become 

a future management issue. 

Managed lawns can occur adjacent to but not within the Riparian Zone, but must have a hard 

border such as a path or edging that restricts lawn species from invading the RZ. Highly invasive 

species such as Kikuyu are to be avoided. 

Water Sensitive Urban Design 

Detention basins are permissible in the ORZ, provided that the footprint of the basin is offset and 

restored on land that adds to the bushland corridor. Offsetting is not required where the basins 

vegetation is restored to a full matrix. 

Online basins are permissible within Stream Orders 1 and 2 provided they are dry and vegetated, 

and not designed to be used for permanent water holding or treatment purposes. The footprint of 

the basin is offset and restored on land that adds to the bushland corridor. Offsetting is not 

required where the basins vegetation is restored to a full matrix. 

All plants used in Water Sensitive Urban Design (WSUD) are to be locally occurring native 

species. The project site is located high in the Georges River Catchment, therefore any plants 

used within the WSUD will seed and that seed will be transported downstream. It is therefore 

essential that the species selected ultimately have a positive impact and that weed management 

issues are not transported down stream and within the RZ. 

Paths and tracks 

Paths and tracks associated with the RZ should be designed in a fashion which minimises impacts 

upon water flow and ecological function. Controlled access across and within the Riparian Zones 

can improve the protection of the RZ provided it is well designed by increasing public use and 

therefore value of the area.  

Paths that are less than 4 metres in width are not required to be offset, above this threshold the 

footprint of the path must be offset and restored on land that adds to the bushland corridor. Paths 

can only be built within the ORZ, except at creek crossings. 

Paths and tracks within the RZ should; 

 Not be placed within the IRZ unless at a creek crossing 

 Where possible be constructed out of permeable, natural products such as crushed stone 

 Disturbance areas adjacent to the paths to be restored with native species by the 

Bushland Management Contractor 

 Track notes or signs should be designed and installed 
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 Seek to stack infrastructure outcomes wherever possible. 

3.7 Bushfire Management 

The changes to the riparian corridor guidelines impact on the manner in which Asset Protection 

Zones (APZ) relate to the RZ. Under the new guidelines the APZ is not to overlap with the RZ, 

and should therefore be located outside of the RZ wherever possible. This VMP does not address 

Bushfire Management specifically, however it is noted that planning for bushfire management will 

impact upon the design and management of the RZ. 

If impacts are unavoidable and confined to defined areas within a given RZ, passive recreation 

and water sensitive urban design structures, including pathways or basins, maybe included in the 

calculation of the APZ, provided the design is complimentary to the ecological function of the RZ. 

This may include a number of different mechanisms that would complement the eco-tone within 

the RZ while addressing bushfire management, including open native grassland/wildflower areas, 

with native canopy. 

Species used in revegetating the APZ should seek to use endemic species to this area and the 

species lists contained within the VMP can be used to guide selection. 

.  
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4. Monitoring, Evaluation and Reporting 

Monitoring is critical to the success of any project. Regular monitoring can highlight and assist in 

averting negative influences or outcomes as well allowing for the tracking of objectives. A number 

of methods are to be utilised to monitor the success of this project and are discussed below. 

4.1 Photo point monitoring 

It is recommended that permanent site photographic monitoring points be set up prior to the 

commencement of restoration works. Photo point monitoring is a relatively inexpensive and 

quickly undertaken. Photo point images capture useful visual evidence of site works at set points 

in time that can assist in highlighting the impacts and outcomes of restoration actions and 

management decisions.  

Permanent photo points should be established utilising star pickets as site markers. Images will 

be taken prior to and following works commencing and thereafter to coincide with each 6 monthly 

progress report to the client (images included in the progress reports). 

4.2 Vegetation survey quadrats 

Monitoring will entail the establishment of a minimum of three 20m x 20m fixed plots in each of 

the VMUs. These will capture and detail a range of site characteristics which can be used to 

quantify the effectiveness of current and future management actions. Fixed point assessments 

will be augmented by additional random ‘rapid assessment survey points’ which will increase 

sampling number and assist in capturing discrete anomalies and variations in site condition.  

Monitoring assessments within each VMU will establish an ongoing framework/process for data 

capture and deliver information on the following: 

 Baseline vegetation characteristics of both native and weed species 

 Habitat health characteristics including hollows, log/woody debris and rocks on ground  

 Measures to track changes in vegetation (native and weed) and habitat health 

characteristics. 

4.3 Reporting 

Site management and maintenance is planned for 5 years, during this time progress reports are 

required by the NSW Office of Water at Practical Completion and Biannually during the initial 2 

year maintenance period. Annual reports are then required for the subsequent 3 years of 

maintenance. 

Reports will be developed as follows: 

 Prior to works commencing establishing baseline data 
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 At Practical Completion – post primary weed control and revegetation actions 

 At 6 month intervals over the course of the 24 month maintenance period. 

o Submission of the fourth maintenance report will signify Project Completion for the 

NSW Office of Water. 

 Annually for maintenance years 3 – 5. 

Each report will include the following information: 

 Assessment of site constraints as documented in the VMP and their impact on the actual 

tasks completed  

 Detail of commencement and completion dates for task identified in the VMP 

o A list of expected tasks are provided in Table 19 Section 5.1 

 Descriptions of tasks undertaken and completed (noting where deviations from the VMP 

have occurred)  

 Colour coded maps of areas where tasks have been completed  

 Details of any new threatened biodiversity, archaeological or heritage management 

requirements not documented in the VMP and evaluation of how these may impact upon 

proposed restoration actions (e.g. planting locations and densities) 

 Details on the progress of the restoration program and methodologies (including any 

deviations from the VMP) including images from established photo points 

 Details of maintenance tasks completed including, but not limited to, tasks related to 

sediment and erosion control, watering, replacement of plant losses, weed control, 

disease and insect control and mulching 

 Details of climatic conditions and where relevant, assessment of these impacts on the 

progress/completion of the tasks (for example increased watering requirements) 

 Details of any other issues relevant to VMP tasks/actions  

 Where required, an assessment of actions required to maintain/ realign program to meet 

indicative targets 

 Evaluation of the completed tasks  

 Results, assessments from the monitoring program. 
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5. Site Rehabilitation Strategy R1-6 

This section focuses on the rehabilitation of Riparian Zones 1 to 6, which are associated with 

Stages 1 to 4 of works for UWS Campbelltown and described in Table 17 and Appendix 7. As 

designs progress, this section will be updated to encompass the required rehabilitation works for 

the Bow Bowing Creek. Figure 5 shows the location of Riparian Zones and their relationship with 

the built environment.  

 

 Approximate timeline for works within riparian zones according to UrbanGrowth 

development stages (1-5) 

Stage  Riparian zone Approximate works timeline 

1 2 and 3 Early 2015 

2 4  Mid to late 2015 

3 5 and 6 Mid to late 2015 

4 1, 2/3 and Bow bowing creek  Early 2016 

5 1 and Bow bowing creek Mid to late 2016 

 

5.1 Riparian Zone 1 description 

Riparian Zone 1 (R1) is located on the far northern end of the proposed development and 

associated with the final phases (Phase 4 and 5) of development works. R1 is bordered by open 

mixed exotic and native pastures, the legacy of grazing activities in the area. This pasture present 

good potential seed resources. R1 is an ephemeral stream, capturing run off from the Hume 

highway in  two small natural dams and has been described in the Strahler system as a 1st order 

stream with stable to unstable floor and walls (Tongway, 2003). As a 1st  order stream a 

vegetation buffer of 20metres either side form the top of bank will remain in situ after development 

and rehabilitation as part  of retaining habitat and riparian functioning.  

5.2 Riparian Zone 2 and 3 descriptions 

Riparian Zones 2 and 3 are part of the same riparian system, to reduce complexity they have 

been assessed together and planned for as a combined area. Assessments for these zones were 

conducted in 2013 as part of Stage priorities.  

This riparian zone is bounded by Stage 1 to the north and Stage 4 to the south. This adds 

complexity to the rehabilitation of the riparian zone. Due to the different release times for Stage 1 

and Stage 4 it is likely that the rehabilitation of Riparian Zones 2 and 3 are split, with the Stage 1 

(northern) side of the Riparian Zone being restored ahead of the Stage 4 (southern) side. 

This approach adds complexity to the rehabilitation of the Riparian zone and will result in the 

retention of potential weed seed sources that could impact upon initial restoration. This is 
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balanced by the fact that in a 2 stage process habitat for small birds will be retained providing a 

lower level of impact upon existing native species using this area. 

Riparian Zone 2 (R2) and 3 (R3) are listed as2nd and 3rd Order Streams, under the Strahler 

System and will have up to 60metres of high value native vegetation retained. This zone will 

ultimately equate to more than 5 ha in area, however also includes areas likely to be lost to 

essential infrastructure and amenity. 

5.3 Riparian Zone 4 description 

Riparian Zone 4 (R4) is located to the East of the Hume highway on the south west boundary of 

the UWS sports complex. R4 represents the corridor between Riparian Zones 2/3 and 5 and is 

bounded by Stage 2 (southern) and Stage 3 (northern) developments. The Concept Master Plan 

Riparian Zone 4 (Clouston Associates, 2014) describes development within the zone area to 

include; maintenance of a cleared easement Jemena easement to the west, 1.5 metre concrete 

footpaths along the boundaries and an addition of a rain garden on the south east corner opposite 

the corridor (Appendix 7). R4, may be described as a stable 2nd order stream meandering from, 

multiple channels, a wide floor (to 12 metres) and stable walls (angle less than 65o) (Tongway, 

2003). The long term stability and functioning of this drainage system is however hindered by a 

lack of vegetation on the stream walls and floor, which after rehabilitation works will be retained 

at a buffer width of 20 metres either side from the top of bank. 

5.4 Riparian Zone 5 description 

Riparian Zone 5 (R5) is located on the far northern boundary of the development south of Narellan 

Road, east of the Hume Highway and north of the Stage 3 development; whilst R5 accumulates 

run off from the Hume highway via Jemena easement, where it is managed by concrete batters 

at the head of the Hume discharge zone. A 1.5 metre pathway will be installed on the southern 

edge of R5 (Clouston Associates, 2014). R5, may be described as a stable to unstable first order 

stream with areas of actively eroding near vertical walls and undercutting (Tongway, 2003). Other 

areas within the R5 stream are stable due to wide stream beds and moderate to high vegetation 

presence, although this vegetation is comprised of exotic weeds.  

5.5 Riparian Zone 6 description 

Riparian Zone 6 (R6) falls within the UWS campus and is contiguous with R5. Development in 

and around this zone will be limited and associated with Stage 3 works. Previous work was 

conducted on this site in 2012 to minimize African Olive density. This involved intense African 

Olive mulching, which has resulted in the dense mulch layer and occasional olive suckering. 

Very little recruitment, either exotic or native, has been observed on this site. R6 may be 

described as a stable to unstable 1st and 2nd order stream with areas of active undercutting and 

erosion (Tongway, 2003). The majority of creek banks within R6 are stable due to wide stream 
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beds, moderate Rhodes grass cover and moderate mulch layer. This creekline is ephemeral, 

however does feed two large permanent dams. 

Figure 5 Riparian Zone locations within the UWS Subdivision Plan 
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5.6 Flora Condition Assessment 

Assessments were intended to identify overall habitat functioning, dominant strata species, 

dominant species densities and provide representative photo points. These assessments were 

undertaken in all riparian areas to generate a habitat functioning score, which may be used a 

baseline for future changes. The results of assessments are included in Appendix 1, along with 

indicative site photos (Appendix 3) and recorded flora species lists (Appendix 2). Assessments 

for R2 and R3 were conducted as part of initial VMP works in July 2013, whilst subsequent 

activities for R, R4, R5, and R6 were undertaken in July 2014.  

Australian vegetation structural forms are broadly recognised according to Sprecht (1970) 

classification in which ‘woodland’ has Sparse (10-30%) to Very sparse (<10%) tallest layer foliage 

cover. This key feature enables light to enter facilitating mid and ground layer growth. Generally 

riparian areas represent woodland in which the canopy has retained low cover (e.g. 23% in R4) 

however African Olive has fundamentally altered the ecosystem structure to a closed forest 

through the exclusion of light. The NSW Scientific Committee describing African Olive as a Key 

Threatening Process (OEH, 2010) due to its ability to shade out other mid and ground layer 

species. All riparian areas characterises a process in which natural recruitment is severely limited 

due to dense shading by African Olive and, it is also suggested, dense rabbit browsing.  

A summary of results for each Riparian Zone is been provided in Tables 18 and 19.  

 Habitat health overall scoring for riparian zones, measured against case study site 

metrics from “best” and “worst” possible feature scores.  

Habitat health R1 R2a R2/3b R4 R5 R6 Best Worst 

Habitat Score 5 6 8 10 7 11 25 4 

Seed Resource 
Score 

2 2 3 2 2 2 4 1 

Disturbance Score -4 -2 0 -2 -5 -6 0 -18 

Exotic Flora Score -8 -6 -7 -7 -8 -6 0 -8 

Noxious Weed 
Score 

-3 -2 -2 -2 -3 -3   

Total Score  -7 -1 2 2 -7 -2 29 -21 

 Approximate areas of treatment zones. Area calculations have been derived from 

internal mapping based on the Draft Masterplan (Clouston Associates, 2014) 

Zone/Area  R1 (m2) R2/R3 (m2)  R4 (m2)  R5 (m2) R6 (m2) 

Light vegetation 14 000 24 570 2 370 4 190 31 870 

Ephemeral creek  5 500 5 920 4 900 1 550 8 500 

Dense African Olive 21 550 39 220 6 030 6 255 0 

TOTAL (approximate) 41 000  69 000 13 300  12 000  48 370 
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Figure 6 Map of approximate zones within each of the riparian areas. 
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5.6.1 Riparian Zone 1 (R1) 

R1 covers close to 4ha, of which preliminary assessments indicates 5,000 m2 to be broadly 

ephemeral creek channels, 10 436 m2 to be lightly vegetated and 21 553m2 to be dominated by 

dense African Olive (Table 18).  

This riparian zone has been highly modified by weed colonisation and represents an area in the 

poor condition in terms of availability of habitat resources and weed density. Dense African 

Olive has contributed to areas of high erosion through shading out of other woodland and 

ephemeral species. Areas of light accessibility in the creek line have been colonised by 

Blackberry and Crofton weed, whilst remnant edges represent the only source of native mid 

story and ground layer diversity.  

The overall habitat health of R1 scored a total of -8, where 29 is the best possible score and -21 

the worst (Appendix 1). This score was assisted by the positive habitat value of remnant trees, 

providing a habitat score of 5, however none of the trees assessed contained hollows. The exotic 

flora contributed the greatest to reducing the site habitat health, with a score of -8 (the “worst” 

possible score being -8) (Error! Reference source not found.).  

In terms of key habitat, no tree hollows, fallen logs or rocks were recorded. Disturbance (Score -

4) was primarily due to creek line erosion and rabbit foraging, with diggings, scats and warrens 

recorded in the assessment. 

Native fauna recorded included small birds, living amongst Typha orientalis and foraging in the 

surrounding mix of exotic and native pastures. These pastures are absent in all other riparian 

zones (with the exception of R2/3) and present good habitat value and seed collection resource. 

No reptiles were sighted, however macropod scats were identified during the assessment. 

The native vegetation within R1 exhibits a former woodland form with Eucalypts, the tallest foliage 

layer, comprising 20% of the canopy cover and 163 stems per hectare. Two Eucalyptus species, 

E. moluccana (Grey Box) and E. tereticornis  (Forest Red Gum) were the only native tree species 

observed in plots with other key Cumberland Plain Woodland upper-storey species such as E. 

crebra (Grey Ironbark), E. eugenioides (Narrow-leaved Stringybark), Corymbia maculata (Spotted 

Gum), essentially absent. E. molucanna was the most common of the two at an average stem 

density of 138 per ha. It was present as young aged trees (stem classes 1-2), occurring with the 

greatest frequency in the stems class 1 range (0-10cm diameter). These trees were classically 

found on the edges of the corridor, where competition for resources is lower. Isolated large, old 

trees (stem class 4) were observed; however these were infrequent and not captured in 

monitoring quadrates. Two Eucalypt seedlings were noted on the north western edge of the 

riparian area. 

Cumberland Plain mid strata small trees were more common, comprising 11% cover, with Acacia 

decurrens (Black Wattle), and A.implexa (Hickory Wattle) and Exocarpos cupressiformis (Native 

Cherry) being recorded. A.implexa however appeared stressed and in some instances was dying. 
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Regeneration of these species was recorded on the south eastern edge of the remnant, in an 

area of native pasture abutting slashed paddocks.  

 None of the common shrub species such as: Bursaria spinosa (Blackthorn) Daviesia ulicifolia 

(Gorse Bitter Pea), Dillwynia sieberi, Dodonaea viscosa subsp. Cuneata, Indigofera australis 

(Native Indigo) were observed. Natural regeneration was restricted to occasional Acacia sp. and 

Eucalypt seedlings on the remnant edges.  

The ground layer in R1 was virtually absent under the canopy of dense African Olive. Native 

ground layer species were however recorded on remnant edges and in drainage lines, where light 

was accessible. Native grasses comprised 8% of the cover and included Aristida spp. 

(Wiregrass), Cymbopogon refractus (Barbed Wire Grass), Dichelachne micrantha (Plumegrass), 

Microlaena stipoides (Weeping Grass), Cynodon dactylon (Couch) and Themeda australis 

(Kangaroo Grass). Native herbs and forbs accounted for 3% of the overall site cover and included 

Dichondra repens (Kidney Weed), Glycine spp., Brunoniella australis (Blue trumpet),Asperula 

conferta (Common woodruff) Cheilanthes seiberi  (Rock fern) and Clematis glycinoides var. 

glycinoides (Headache vine).  

The soil surface stability is high due to dense African Olive leaf litter (83%) and cryptogamic crust 

(8%).  

Class 4 declared weed, African Olive (Olea europea subsp. cuspidata) dominated this zone with 

approximately 83% vegetative cover and 16 288 stems per/ha (stem class 1-3). Two other 

declared woody weeds (Class 4) African boxthorn (Lycium ferocissimum) and Blackberry 

(Rubus fruiticosus agg. sp) were present but in low numbers (3% or 100 stems/ha) and 

restricted largely to the creekline in areas of low African Olive canopy cover. Other weeds of 

significance recorded in the site included Moth Vine (Araujia sericifera), Black Thistle (Cirsium 

vulgare) and St John’s Wort (Hypericum perforatum) (Class 4). These were isolated individuals, 

comprising 4% of the site cover. 

Exotic pastures occurred with low frequency, interspersed with native grass. Despite being 

common on the southern edge exotic pastures comprised only 4% of the site cover and 

included a diverse range of species, most frequently Quaking grass (Briza subaristata), 

Paspaulum, (Paspalum dialatatum), Phalaris  sp. and Pigeon grass ( Setaria sp.). 

 

5.6.2 Riparian Zone 2 and 3 

Riparian Zone 2 and 3 were assessed as two separate vegetation management units - R2A and 

R2/3B. R2A was located to the western end of Zone 2 and was defined by a more steeply sided 

and protected creek/gully line. R2/3B was located in the eastern part of Zone 2 and was 

characterised by a more open and less protected creek/gully line. 
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Cumulatively R2/R3 cover an area of 7ha of which preliminary assessments indicates 5 920 m2 

to be broadly ephemeral creek channels, 24 570 m2 to be lightly vegetated and 39 220m2 to be 

dominated by dense African Olive (Table 18). 

 

Riparian Zone 2, Area A (R2A) 

Native vegetation in this VMU exhibited a forest-like form, with eucalypts being tall and upright in 

stature. The overall habitat health of R2A scored a total of 6, where 29 is the best possible score 

and -21 the worst (Appendix 1). The exotic flora contributed the greatest to reducing the site 

habitat health, with a score of -6 (the “worst” possible score being -8) (Table 19).  

In terms of key habitat features, few tree hollows were recorded, however there were small 

numbers of fallen logs (14 per ha). Native tree canopy cover was low at 15%, with 125 stems per 

ha recorded (to 25m). Two eucalypts, E. moluccana and E. tereticornis were the only native tree 

species observed in plots with other key Cumberland Plain Woodland upper-storey species such 

as E. crebra (Grey Ironbark), E. eugenioides (Narrow-leaved Stringybark), Corymbia maculata 

(Spotted Gum), essentially absent. E. moluccana was the most common of the two at an average 

stem density of 119 per ha. It was present as young to old aged trees (stem classes 1-4+). E. 

tereticornis was much less common (19 stems/ha) and present only as older aged mature trees 

(stem class 3 & 4).  

There were few examples of the common Cumberland Plain mid strata small trees such as Acacia 

decurrens (Black Wattle), A. parramattensis (Parramatta Wattle), A.implexa (Hickory Wattle) 

Exocarpos cupressiformis (Native Cherry). Shrub species diversity was also low. None of the 

common species such as: Bursaria spinosa (Blackthorn) Daviesia ulicifolia (Gorse Bitter Pea), 

Dillwynia sieberi, Dodonaea viscosa subsp. Cuneata, Indigofera australis (Native Indigo) were 

observed in general transect surveys. Only one small native shrub, Solanum prinophyllum was 

recorded in monitoring plots at 38 stems per/ha.  

The ground layer in R2A was relatively depauperate in respect to native species. There was some 

leaf litter (20%) and a crytpogamic crust cover (12%).  Native grasses (3%) and herbs (5%) were 

a minor component in this zone. Those native grasses most commonly observed were Aristida 

spp. (Wiregrass & Speargrass), Cymbopogon refractus (Barbed Wire Grass), Dichelachne 

micrantha (Plumegrass), Microlaena stipoides (Weeping Grass) and Themeda australis 

(Kangaroo Grass). Herbs and forbs included: Lomandra spp. (Mat-rush), Dichondra repens 

(Kidney Weed), Glycine spp., Oxalis perennans and Wahlenbergia gracilis (Australian Bluebell).  

African Olive (Olea europea subsp. cuspidata) dominated this zone with approximately 45% 

vegetative cover and 17,600 stems per/ha (stem class 1-3). Taller and more robust individuals 

from stem class 3 tended to occupy the lower sections along the creek with sparser/smaller 

stem class 2 and 1 individuals on the more open upper slopes.  The noxious weed African 

boxthorn (Lycium ferocissimum) was present but in low numbers (375 stems/ha) relative to the 
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African olive.St John’s wort (Hypericum perforatum) was another listed weed (class 4) found in 

this zone. At the time of the survey it was re-entering active growth and represented 

approximately 5% cover – but this could be expected to increase. Paddy’s Lucerne (Sida 

rhombifolia) was the other most recorded exotic sub-shrub. 

A range of minor herbaceous exotic weeds such as Dandelion, Fleabane, Plantain, Pimpernel 

and Thistle were relatively common in the ground layer, but did not dominate. One individual 

specimen of the noxious weed Pampus grass (Cortaderia selloana) was recorded at the 

western end of the zone. 

Riparian Zone 2 and 3B (R2/3B) 

This VMU contained quite distinct areas of open exotic dominated pasture and patches of native 

vegetation that were more woodland in form, with eucalypts displayed an open structure. The 

overall habitat health of R2/3B scored a total of 2, where 29 is the best possible score and -21 

the worst (Appendix 1). The exotic flora contributed the greatest to reducing the site habitat health, 

with a score of -7 (the “worst” possible score being -8) (Table 19).  

In terms of key habitat features in the wooded areas there were approximately 3 tree hollows 

recorded per/ha and 6 fallen logs per ha each providing niches for other animals. Litter cover was 

relatively high at 26% and cryptogamic crust lower than that observed in R2A at 5%.   

Native tree canopy cover was relatively low at 10%, with 100 stems per/ha located primarily to 

the eastern end of the zone. As with Zone R2A the eucalypts, E. moluccana and E. tereticornis 

were the primary native trees observed while other key Cumberland Plain Woodland upper-storey 

species, with the exception of E. amplifolia (Cabbage Gum), essentially absent. E. moluccana 

was more common (80 per/ha, stem class 1-4), than E. tereticornis (20 /ha, stem class 1-4). Both 

were present as older aged mature trees to 25m height. 

There were some common CPW mid-strata small trees in this zone including Acacia decurrens 

(Black Wattle), A. parramattensis (Parramatta Wattle), A.implexa (Hickory Wattle) and A. 

longissima (Long-leafed Wattle). These species occurred as quite defined patches at 

approximately 16% cover and approximately 570 stems/ha.  Bursaria spinosa (Blackthorn) and 

Solanum prinophyllum were also recorded in low numbers, primarily in wooded areas.  

As was the case in R2A, the ground layer was relatively depauperate in respect to native species. 

Outside areas dominated by exotic grasses, native grasses were more common (10% cover) with 

herbs at approximately (5%). In open weed dominated areas, the native grass cover is reduced 

to <1%.  

The native grasses observed were Aristida spp. (Wiregrass & Speargrass), Cymbopogon 

refractus (Barbed Wire Grass), Dichelachne micrantha (Plumegrass), Microlaena stipoides 

(Weeping Grass), Themeda australis (Kangaroo Grass). Native herbs and forbs included: 

Lomandra spp. (Mat-rush), Dichondra repens (Kidney Weed), Glycine spp., Oxalis perennans 

and Wahlenbergia gracilis (Australian Bluebell).  
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African Olive (Olea europea subsp. Cuspidata) was much less dominant in this zone with 

approximately 12% vegetative cover and 3,500 stems per/ha (stem class 1-3). A number of 

smaller noxious woody weeds (Class 4a & b) were present primarily among the open areas of 

exotic grass. These included African boxthorn (Lycium ferocissimum), Blackberry (Rubus 

fruticosa) and Sweet briar (Rosa rubiginosa). Sweet briar was present in low numbers (<20 stems 

per ha), but the African boxthorn and Blackberry were relatively widespread and in high numbers 

(>100 stems per ha). St John’s wort (Hypericum perforatum) (class 4) and Paddy’s Lucerne (Sida 

rhombifolia) were also recorded across the zone. 

Kikuyu dominated large open areas to >90% cover in the middle and western end of this zone. 

Other common but less dominant exotic grasses were Phalaris, Rhodes Grass and Rat’s Tail 

Grass. A range of minor herbaceous weeds such as Dandelion, Fleabane, Plantain Pimpernel 

and Thistle were relatively common in the wooded areas but did not dominate. The noxious weed 

Bridal Creeper (Asparagus asparagoides) was recorded in relatively low numbers across the 

zone. 

 

5.6.3 Riparian Zone 4 (R4) 

R4 covers an area of approximately 1.3 hectares, of which preliminary assessments indicates 

4,900 m2 to be broadly ephemeral creek channels, 2 370 m2 to be lightly vegetated and 6 030m2 

to be dominated by dense African Olive (Table 18). The area of African Olive measured does not 

include the swathes of vegetation spread across ephemeral creek channels, they are however 

included in the ephemeral creek channel area. 

The overall habitat health of R4 scored a total of 2, where 29 is the best possible score and -21 

the worst (Appendix 1). This score was assisted by the positive habitat value of remnant trees, 

fallen logs and rock. Exotic flora contributed the greatest to reducing the site habitat health, with 

a score of -7 (the “worst” possible score being -8) (Table 19).  

In terms of key habitat features, occasional tree hollows were record (6 per ha), fallen logs 

occurred at 9 per ha and rocks were the most frequent at 25 per ha. Rock frequency was driven 

by a scattering along the western edge, which may not occur naturally but be a vestige of past 

fill.  Disturbance was primarily due to rabbit foraging, with diggings, scats and warrens recorded 

in the assessment. 

Native fauna recorded was limited to large native birds, such as King Parrots and Australian 

Ravens (Appendix 1, Appendix 3). No reptiles were sighted, however macropod scats identified 

during the assessment. 

The native vegetation within R4 exhibits this woodland form with Eucalypts, the tallest foliage 

layer, comprising 23% of the canopy cover and 188 stems per hectare. Two Eucalyptus species, 

E. moluccana (Grey Box) and E. tereticornis  (Forest Red Gum) were the only native tree species 

observed in plots with other key Cumberland Plain Woodland upper-storey species such as E. 
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crebra (Grey Ironbark), E. eugenioides (Narrow-leaved Stringybark), Corymbia maculata (Spotted 

Gum), essentially absent. E. teretecornis was the most common of the two at an average stem 

density of 100 per ha. It was present as young to old aged trees (stem classes 1-4+), occurring 

with the greatest frequency in the stems class 3 range (20-30cm diameter). E. moluccana was 

much less common (13 stems/ha) and present only as older aged mature trees (stem class 4). 

These canopy trees are an important ecological seed and habitat resource, representing the 

majority of native structure in R4.  

There were no recorded examples of the common Cumberland Plain mid strata small trees such 

as Acacia decurrens (Black Wattle), Exocarpos cupressiformis (Native Cherry) and A. 

parramattensis (Parramatta Wattle) with the mid storey natives characterised only by A.implexa 

(Hickory Wattle). Likewise none of the common shrub species such as: Bursaria spinosa 

(Blackthorn) Daviesia ulicifolia (Gorse Bitter Pea), Dillwynia sieberi, Dodonaea viscosa subsp. 

Cuneata, Indigofera australis (Native Indigo) were observed. Only one small native shrub, 

Solanum prinophyllum (Forest Nightshade) was recorded in monitoring plots at 13 stems per/ha. 

Observed natural regeneration was restricted to very occasional Acacia sp. seedlings  

The ground layer in R4 was also relatively depauperate, with native ground layer species only 

recorded on remnant edges and in drainage lines, where light was accessible and African Olive 

low to absent. Native grasses were absent with the exception of heavily grazed sparse 

Oplismenus aemulus (Basket grass) occurring in the dry creek bed (5%). Native forbs accounted 

for 4% of the overall site cover and included Oxalis perennans, Dichondra repens (Kidney weed) 

and Clematis glycinoides var. glycinoides (Headache vine). 

The soil surface stability is high due to dense leaf litter (88%) and cryptogamic crust (8%).  

Class 4 declared weed, African Olive (Olea europea subsp. Cuspidata) dominated this zone 

with approximately 73% vegetative cover and 2 375 stems per/ha (stem class 1-3).Scattered old 

individuals were found randomly throughout the remnant, broadly grouped along top of bank 

areas. Very dense stand of young (Class 1-2) trees occurred close to the edges and the 

western end. Two other declared weeds (Class 4) African boxthorn (Lycium ferocissimum) and 

Bridal creeper (Asparagus asparagoides) were present but in low numbers (50 stems/ha and 

1% respectively). Other weeds of significance recorded in the site included Moth Vine (Araujia 

sericifera) and Thistle (Cirsium vulgare). 

 

5.6.4 Riparian Zone 5 (R5) 

R5 covers an area of approximately 1.20 hectares, of which preliminary assessments indicates 

1,550m2 to be ephemeral creek line, 4 200 m2 to be lightly vegetated (and/or forest mown) and 6 

250 m2 to be dominated by dense African Olive (Table 18)  

The overall habitat health of R5 scored a total of -7, where 29 is the best possible score and -21 

the worst (Appendix 1). This score was assisted by the positive habitat value of remnant trees, 
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fallen logs and rock. The exotic flora contributed the greatest to reducing the site habitat health, 

with a score of -8 (the “worst” possible score being -8) and disturbance from rabbits (-5 out of a 

possible -18) (Error! Reference source not found.). 

In terms of key habitat features, occasional tree hollows were record (6 per ha), fallen logs and 

rocks were most frequent at 19 per ha. As with R4 rock frequency was driven by a scattering in 

the drainage lines, some of which were as a result of concrete bank fill and dumping. Disturbance 

was due to erosion, rubbish dumping and rabbit foraging, with diggings, scats and warrens 

recorded in the assessment. The stability of the drainage line is variable, assessed in areas to be 

unstable due to rapid flow of water from the upper catchment across concrete fill (Appendix 3).  

The eastern end of R5 was forest mown in 2012, targeting African Olive. This has reduced the 

weed load and, within this discrete area, changed the required management actions. 

Fauna species recorded were limited to large or aggressive parrots, such as King Parrots 

(Alisterus scapularis) and Rainbow lorikeets (Trichoglossus haematodus), aggressive Bell and 

Native Miners (Manorina melanophrys and M. Melanocephala) (Appendix 3). Very few small 

birds were observed with mammal sightings being restricted to macropod scats. 

The native vegetation within R5 exhibits a former woodland structure, with Eucalypts, the tallest 

foliage layer, comprising 23% of the canopy cover at a very low 38 stems per hectare. This low 

number is due to a small number of large trees, with spreading canopies. E. moluccana (Grey 

Box) was the only native tree species observed in plots, all recording being of old individuals 

(Stem class 3, 30-40cm diameter). Canopy trees in R5 represent a critical ecological seed and 

habitat resource, representing the majority of native structure. 

Recorded examples of Cumberland Plain mid strata small trees were limited to two species, 

A.implexa (Hickory Wattle) and Melaleuca styphelioides (Prickly-leaved tea tree). Acacias were 

restricted to the remnant edges or upper drainage line, demonstrating limited recruitment with two 

seedlings recorded. Likewise the Melaleucas were large old remnant trees (Stem class 3) 

established in the open drainage line. Despite the Melaleucas having large volumes of seed, and 

representing a good seed resource, no recruitment was recorded. No other shrub species were 

recorded in the assessment. 

The ground layer in R5 was also relatively depauperate, with native ground layer species driven 

by moderate diversity on the remnant edges where light was accessible. Native grasses amassed 

<5% of the overall cover and included Aristida vagans (Threeawn Speargrass), Dichelachne 

micrantha (Short-hair Plume grass), Paspalidium distans, Sporoblus creber (Slender Rat's Tail 

Grass) and Themeda triandra (Kangaroo grass), Oplismenus aemulus (Basket grass), Cyperus 

gracilis (Slender Flat-sedge). Grasses were recorded in the rapid assessment on the southern 

edge only and are not representative of the general site diversity.  
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Native forbs accounted for 8% of the overall biomass and were found scattered across the 

remnant edges and riparian areas. Forbs included Oxalis perennans, Dichondra repens (Kidney 

weed) and Einadia hastata (Saloop). 

The soil surface stability is high due to dense leaf litter (63%) and cryptogamic crust (6%), 

however this litter is primarily African Olive which degrades very slowly and, due to its waxy 

cuticle, slows infiltration.  

Weeds comprised 89% of the cover in this zone. Class 4 declared weed, African Olive (Olea 

europea subsp. Cuspidata) dominated, contributing 38% vegetative cover and 15,625 stems 

per/ha (stem class 1-3), the quantity of stems being driven by thousands of seedlings. Cuneo and 

Leishman (2006) recorded up to 950 seedlings/m2 .African boxthorn (Lycium ferocissimum) (Class 

4) occurred at moderate densities throughout the creekline (26%, 350 stems/ha) and was 

associated with dense stands of Crofton weed (Ageratina adenophora) (8%) (Appendix 3). 

Declared class 4 weeds Bridal creeper (Asparagus asparagoides) and St John’s wort (Hypericum 

perforatum) occurred sporadically in areas with low African Olive cover, as did  general broadleaf 

weeds Black thistle (Cirsium vulgare) and Paddy’s Lucerne (Sida rhombifolia). Broad leaf 

contribution to the site coverage was low, at 4%. Exotic grasses contributed the remaining 7% 

and were predominately Rhodes grass (Chloris gayana) which once again occurred on the edges 

and in the creek line. Rabbit grazing was particularly evident in this site, as normally unpalatable 

plants such as Rhodes grass and the woody Paddy’s Lucerne were browsed to ground level 

(Appendix 3). 

 

5.6.5 Riparian Zone 6 (R6) 

R6 covers an area of approximately 4.0 hectares, of which preliminary assessment indicates 

8,500m2 to be ephemeral creek line and 31 870 m2 to be lightly vegetated (forest mown) (Table 

18) The overall habitat health of R1 scored a total of -2  where 29 is the best possible score and 

-21 the worst (Appendix 1). This score was driven by high habitat value from remnant trees and 

fallen logs in the creekline (Score 11). Despite the removal of exotic flora, high rabbit browsing 

has reduced recruitment, resulting in African Olive suckers being the dominant flora species within 

the ground and mid storey layers (Exotic flora score -9) (Table 19). African Olive forest mowing 

in 2012 has significantly altered the vegetation structure and site dynamics, opening the site to 

sunlight and to natural recruitment.  

In terms of key habitat features, occasional tree hollows were record (19 per ha) with fallen logs 

the most frequent at 66 per ha. This is suggested to be due to forest mowing activities. No rocks 

were recorded in this site. Disturbance due to erosion and rabbit foraging has significantly 

impacted site integrity (Disturbance score -3), with diggings, scats and warrens recorded in the 

assessment. As R6 is contiguous with R5 it is unsurprising the stability of the drainage line is 

variable, with areas of low stability, undercutting and bank slumping (Appendix 3). This is partially 

due to rapid flow of water from the upper catchment and across the slope of the local catchment, 
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which has low to very vegetative cover. The majority of ground layer protection afforded from 

mulch. Within the creek line, this mulch has been scoured and deposited on bends or amongst 

Rhodes grass and Blackberry briars.  

Fauna species recorded were similar to those seen in R5, Bell Miners being a notable exception 

due to the removal of thick African Olive understory habitat. Pink and Grey Galahs (Eolophus 

roseicapilla), Australian Ravens (Corvus sp) and Eastern Rosellas (Platycercus eximius) were 

also recorded in the open woodland area.  

The remaining native vegetation within R6 exhibits a former woodland structure, with Eucalypts 

(E. tereticornis and E. moluccana) the dominant layer, affording the only canopy cover at 

moderate 150 stems per hectare (25% cover). Eucalypts occur in three stems classes, ranging 

between 10 and 30 cm in trunk diameter. The low diameter of Eucalypts, usually being associated 

with younger trees and saplings, is in this instance suggested to be a vestige of African Olive 

resource competition. Canopy trees in R6 represent a critical ecological seed and habitat 

resource, representing the majority of native structure. One seedling was recorded on site, 

recruitment potentially being limited by dense mulch, season and rabbit browsing. 

Recorded examples of Cumberland Plain mid strata small trees were limited to remnant 

Melaleuca styphelioides (Prickly-leaved tea tree) (Stem class 3) and occasional A.implexa 

(Hickory Wattle), A. decurrens (Green Wattle), Solanum prinophyllum (Forest Nightshade). and 

Bursaria spinosa (Black thorn). Shrubs comprised 10% of the site cover, the majority recorded 

along the eastern edge of R6. Pleasingly over 20 seedlings were recorded in association with 

these shrubs, surviving amongst an active rabbit warren. Despite the Melaleucas having large 

volumes of seed, and representing a good seed resource, no recruitment was recorded.  

The ground layer in R6 was depauperate, with native ground layer species driven by pockets of 

diversity on south facing stream bank slopes, often under the protection of woody debris or African 

Box Thorn briars. Species associated with moist, shady and alluvial environments, such as 

Adiantum sp (Maiden hair fern) and Alternathera denticulata (Lesser Joyweed) were recorded on 

in R6. Native grasses amassed 5% of the overall cover and included Dianella sp, Cynodon 

dactylon  (Couch) and Cyperus gracilis (Slender flat sedge). Native forbs accounted for 13% of 

the overall cover and were largely the result of natural regeneration, including Oxalis perennans, 

Dichondra repens (Kidney weed), Einadia hastata (Saloop), Glycine sp. Although present to a 

small degree natural recruitment is infrequent, and is suspected to be limited by a combination of 

rabbit browsing, dense olive mulch inhibiting germination/soil contact and a reduced seed bank 

after many years of African Olive dominance.  

The soil surface stability is high due to dense mulch (75%) and cryptogamic crust (20%), however 

this litter density may be limiting recruitment in areas. Within creeklines mulch has been shifted 

by water movement and accumulated in bends and within vegetation, accounting for the 25% of 

areas within litter cover.  
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Weeds comprised 35% of the cover in this zone. Class 4 declared weed, African Olive (Olea 

europea subsp. cuspidata) seedlings and suckering contributing 10% vegetative cover at 150 

stems per/ha (stem class 1). .African boxthorn (Lycium ferocissimum), Prickly pear (Opuntia sp) 

and Blackberry (Rubus fruitcosus agg sp) occurred at low densities throughout the creekline (8%, 

450 stems/ha) and were associated with dense stands of Crofton weed (Ageratina adenophora) 

and the exotic pasture, Rhodes grass (Chloris gayana) (18%) (Appendix 3).  

Occasional Black thistle (Cirsium vulgare) and Paddy’s Lucerne (Sida rhombifolia), Moth vine 

(Aruajia sericifera), Inkweed (Phylotacca octandra) and Fireweed (Senecio madagascariensis) 

were recorded, however broad leaf contribution to the site coverage was low, at 8%. Rabbit 

grazing was particularly evident in this site, as normally unpalatable plants such as Rhodes grass 

and the woody Paddy’s Lucerne were browsed to ground level (Appendix 3). 

5.7 Identified Obstacles to Rehabilitation  

A number of obstacles where identified that may hamper rehabilitation success at this site which 

include: 

 Weed re-growth - African Olive, noxious woody weeds (Blackberry, Box thorn, St John’s 

Wort) and herbaceous weeds (Bridal Creeper, Pampas Grass) 

 African Olive mulch (created during primary weed control) suppressing natural 

regeneration 

 Access to suitable quantities of seed for plant propagation or direct seeding 

 Unsuitable climatic conditions for revegetation – drought, flooding, water logging 

 Herbivory – insects, rabbits 

 Vandalism. 

Of these obstacles the two most limiting factors to successful rehabilitation will be African Olive 

mulch suppressing natural regeneration and heavy rabbit grazing. Both of these factors have 

been evidenced to severely limit recruitment of both exotic and native species in an adjacent 

riparian zone, which was forest mown in 2012.  

These have been considered when formulating the Rehabilitation Strategy. Various techniques 

may require strategic trials before large scale implementation.  

5.8 Recommended Restoration Strategy 

Due to variations in vegetation resilience and landscape features in Riparian Zones a multifaceted 

approach to restoration is recommended. Broadly primary activities should group actions 

according to African Olive dominated areas and areas of natural resilience, these being the 

remnant edges and creek lines. Following primary treatment these can be further subdivided into 

four management zones; remnant edges, riparian areas, pockets of natural resilience and African 
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Olive follow up. Although assessments have indicated R2/3 to have higher overall habitat health 

and greater areas of exotic pasture/low vegetation the constraining factor, primarily African Olive 

and rabbit grazing remains consistent across the two sites. Equally the species recorded, both 

exotic and native are very similar. For the purposes of planning and costing the actions 

undertaken in R1, R4, R5 and R6 will be similar, with scale and area being the only significant 

variations. R2/3 attracts slightly different planning due to the large areas of exotic pasture and 

low density woody vegetation, with much greater emphasis on direct seeding work and follow-up.  

Final plans will require on ground assessments of exact area requiring each treatment.  

The broad actions for undertaking restoration in these areas will include; 

 Native seed collection and plant propagation program for future planting and seeding 

works, where possible and practical working within FloraBank provenance guidelines. 

 Rabbit control measures in conjunction with Campbelltown City Council Invasive Pest 

control and the Local Land Services. Rabbit control actions should occur on a regular 

schedule to reduce grazing pressure on establishing native plants and continue until 

woody plants are above browse height. Ideally ongoing control will be negotiated as part 

of Campbelltown City Council control programs to relieve pressure on naturally recruiting 

species. Monitoring should be undertaken prior to design of this plan. Procedures and 

target levels are described by the DPI (2012) as High, Medium, Low and Zero. More 

information can be found at http://www.dpi.nsw.gov.au/agriculture/pests-

weeds/vertebrate-pests/pest-animals-in-nsw/rabbit-control  

 Primary weed removal including: 

o Removal/mulching of all woody weeds (African Olive, Blackberry, Box thorn) to 

fine grade mulch taking care to ensure that areas of natural resilience are not 

negatively impacted.  

o Hand removal on steep slopes or creek banks which pose or have an existing 

erosion risk. All hand removed material should remain in-situ and be used to 

provide areas for recruitment, which are inaccessible to rabbit browsing.  

o Spraying out, with non-selective herbicide, all large areas of exotic pasture within 

the riparian zone where limited off target species (native) will be affected (using 

bio-friendly products) for up to six months. 

 Re-laying fallen timber, or timber amassed from edges clearing activities, for habitat, to 

provide recruitment niches and to reduce erosion potential where feasible.  

 Introduction of nest boxes (microbat, bird and mammal specific) for additional habitat, 

including a monitoring program to assess box usage. 

 Follow up plant installation in riparian, edge and remnant main areas: 

http://www.dpi.nsw.gov.au/agriculture/pests-weeds/vertebrate-pests/pest-animals-in-nsw/rabbit-control
http://www.dpi.nsw.gov.au/agriculture/pests-weeds/vertebrate-pests/pest-animals-in-nsw/rabbit-control
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o Direct seed larger open areas with a suite of native grass species from the 

Cumberland Plain region – these are likely to include Aristida sp, Austrostipa sp, 

Cymbopogon refractus, Microlaena stipoides, Rytidosperma sp and Themeda 

triandra. It must be noted that due to intensive rabbit activity direct seeded areas 

should be protected. Anecdotal evidence on site demonstrates areas with woody 

debris have provided some natural protection against bowsing. Non-toxic, plant based, 

foliar sprays to deter browsing may also be considered.  

o Reintroduce key native canopy tree species along corridors as guarded tube-stock (for 

protection from predation and spray damage). Non-toxic, plant based, rabbit repellents 

should also be considered.  

o Reintroduce a wider range of shrub and herbaceous species through tube-stock or 

hand seeding into those few areas of native woodland not dominated by woody weeds. 

Hand seeding may be best suited to areas with debris and vegetation present as 

affords microclimatic and physical protection to seedlings. Tube stock may be suited 

to filling gaps in canopy or mid storey. Non-toxic, plant based, rabbit repellents should 

also be considered prior to planting. 

o Where required, install species suited to bank stabilisation through tube-stock (i.e. 

grass tussocks or shrubs). These species should be suited to ephemeral systems, as 

the drainage lines experience periods of extreme wet and dry and may include 

Eucalyptus amplifolia, Melalueca styphelioides ,M. decora, M. linariifolia, Persicaria 

decipiens, Themeda triandra, Bursaria spinosa  and Lomandra longifolia. Non-toxic, 

plant based, rabbit repellents should also be considered prior to planting. 

o General species suitable for installation are included in Appendix 4 

 Follow up weed control in primary treatment and planting areas: 

o Treat weed regrowth in areas direct-sown to native grasses with selective herbicides 

(treating all broad leaved species) for a period of up to 24 months. Some hand removal 

may be required in sensitive areas such as slopes or to remove large exotic tussocks, 

such as Rhodes grass. 

o Treat weed regrowth in remnant using a combination of selective spraying, physical 

removal and cut/scrape and paint. Some hand removal may be required in sensitive 

areas and within planting guards. Exotic plant propagules should be removed from 

site.  

o  Following this period of woody and pasture grass weed control and the establishment 

of native grasses additional infill planting of native broad leaf species (ground layer 

and shrubs) may be suitable. 

 Intensive maintenance of a weed control program for a further 24 months post planting 

and an additional 3 year maintenance period to consolidate site ecological outcomes. 
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 Monitoring of weed control, restoration and habitat use outcomes during this period. 

 Remediation and revegetation associated with installed infrastructure: 

o Where infrastructure disturbs the riparian zone the site must be remediated/offset in 

line with the intent of this VMP, it is preferential for infrastructure to be established 

prior to rehabilitation works occurring. 

o All plant species associated with infrastructure must be sourced from locally occurring 

species and be integrated into the riparian zone. Preference is for genetic material to 

be collected as close to site as possible. 

5.9 Performance Targets 

The following performance targets, provided in Table 20, will help to verify vegetation 

management and restoration program outcomes. Clear baseline data is to be obtained during 

the set up and establishment of permanent monitoring plots, these are to be located outside of 

areas known to include infrastructure development. 

Progress against targets are to be monitored over the course of the project period. Management 

may be required to adapt to changing conditions upon agreement between the Restoration 

Ecologist and Principle. 

 Performance Targets and Measures 

Target Measure Mechanism 

Reduced extent of 

target weed species   

Identified Noxious weeds (woody) - 

100% control of mature plants 

Identified Noxious weeds 

(herbaceous) – continuous 

suppression 

African Olive – 100% control of 

mature plants 

African Box thorn- 100% control of 

mature plants 

Stoloniferous exotic pastures – 75% 

reduction in extent where dominating 

Control of other weed species as 

required to minimise impact on 

ecological function 

 

Primary weed control/Bush 

regeneration 

Natural Regeneration/tubestock 

planting/seeding 

Rabbit Control 
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Target Measure Mechanism 

Establishment of 

native vegetation 

strata – CPW 

(SPW/SHW) 

Canopy – 250 stems per ha 

Natural Regeneration/tubestock 

planting/seeding 

Rabbit Control  

Shrub – 1,050 stems per ha 

Ground layer – 5 plants/stems per 

sqm on average 

Establishment of 

native vegetation 

strata –Alluvial 

Woodland 

Canopy – 350 stems per ha 

Natural Regeneration/tubestock 

planting/seeding 
Shrub – 900 stems per ha 

Ground layer – 5 stems per m2 on 

average 

Increased diversity 

within native 

vegetation strata 

CPW (SHW/SPW) 

- Canopy – Min 7 Species 

- Shrub – Min 6 Species 

- Ground layer – Min 10 

species Natural Regeneration/tubestock 

planting/seeding 

Rabbit Control Riparian Woodland 

- Canopy – Min 7 Species 

- Shrub – Min 6 Species 

- Ground layer – Min 10 

species 

Improved ecological 

function - Fauna 
Ground layer – 50% cover 

Placement of cleared material 

Installation of nest boxes (microbat, 

mammal and bird) 

Natural Regeneration/tubestock 

planting/seeding 

Rabbit control 

Stabilisation of 

stream banks 

Vegetation cover adjacent to and 

within stream 

Natural Regeneration/tubestock 

planting/seeding 

Placement of abiotic features (i.e. logs 

and rocks) 
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5.10 Restoration Strategy 

Restoration in each zone will occur according to four broad characteristics.   

21 details the general Restoration Strategy for Riparian areas 1 to 6 according to broad requirements in the zones. General management actions are also described in Section 3. Species guidelines and weed management 

techniques and are included in Appendix 4 and Appendix 5 respectively. The timing for each deliverable is contingent on the commencement time of works. Generally spacing between deliverable is accurate and covers 

a period of 18 months. However, planting; seed collection, propagation and some weed treatment activities are best undertaken in particular seasons and should occur in these seasons ,where possible, even if this is not 

in keeping with the proposed timeline in Table 21. Generally it is suggested that: 

 Seed collection activities occur between October and March, depending on the species and season.  

 Direct seeding activities occur in Autumn to very early Spring, depending on species and capacity to manage weed on site. 

 Planting activities  occur in Autumn or Spring 

 Weed management occurs according to the species specific guidelines listed in the DPI Noxious and Environmental Weeds handbook (DPI, 2011). These guide actions targeting weeds to occur during periods of 

active growth, many species not actively growing during the hottest or coldest periods.  

 Rabbit control requires further planning however should generally occur between Spring and Autumn 

 

 Restoration Strategy/Program of Works – Key Activities 

Riparian 

Zone 

Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

All zones Secure Seed 

Requirements 

 Submit Section 132C Licence Application January 2015 Securing Collection Licence 

Availability of appropriate seed 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Sufficient grass seed resources are 

secured to allow for site seeding post 

primary weed control 

Seed from a wide diversity of CP species 

are secured for use in biodiverse plantings 

A project Seedbank is established and 

collection records maintained 

Restoration Ecologist  

(seed) 

 Secure access permission January 2015 

 Collect/source seed Jan 15-Apr 2015 

 Clean seed collections to appropriate level Jan-Apr 2015 

 Enter collection records in database As req. 

 Store collections in appropriate facility As req. 

All zones 

(Optional 

budget item 

in R2/R3 

2013 VMP) 

Integrated Rabbit 

Control 

 Liaise with Local Land Services and Campbelltown 

City Council and UWS 

 Nominate a rabbit control schedule/program. Includes 

initial reduction, follow up, advanced control and 

monitoring measures as described by NSW 

Department of Primary Industries. Target population 

should be Low Density, as defined by DPI (2012) 

2015 

 

2015 

 

 

 

Securing permit to undertake 

activities in urban areas 

Engagement from Local Land 

Services (LLS), UWS and 

Campbelltown City Council 

Seasonal suitability 

Reduction in wild urban rabbit numbers to 

a level which allows recruitment and 

establishment of native species. 

Rabbit population is maintained at a Low 

Density, as defined by the LLS and DPI.  

Restoration ecologist in 

conjunction with the LLS 

and Campbelltown City 

Council 
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Riparian 

Zone 

Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

 Conduct baseline monitoring of rabbit density 

 Initiate primary control in Spring-Autumn. This may 

include use of Pindone baits. Signage is required. 

 Conduct follow up control 

 Conduct follow up monitoring according to schedule 

 Initiate advanced control measure to keep rabbit levels 

at nominated, Low Density levels.  

2015 

2015 

 

 

As req. 

As req. 

As req. 

Date of Riparian Zone restoration 

works commencement. 

R1-R5 

(Primary 

undertaken 

in R6 in 

2012) 

Primary Weed Control  Assess the site and mark out areas exhibiting natural 

resilience 

Feb/Mar 2015 Final determination and mark out of 

Riparian Zone Boundaries 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Removal and mulching of ~85% of the 

woody weed located within the Riparian 

Zone footprint 

Site prepared for seeding 

Subsequent control/re-re-treatment of 

stumps by hand post mechanical control 

Restoration Ecologist 

 Clear primary woody weeds focusing on African olive 

and African boxthorn 

Mar-Apr 2015 

 Control brambles and briars and hand remove woody 

weeds in erosion risk areas (minor works) 

Jan/Feb 2015  

 Follow-up targeted bush regeneration of regenerating 

woody and broadleaf weeds in primary treatment 

zones 

Mar-June  2015 

All Zones 

Largest area 

of work 

R2/R3 

Revegetation - Grass 

Seeding 

 Test seed batches to inform sowing rates Mar-May 2015r 

2015 

Availability of suitable seed 

Primary weed control completed 

Appropriate seeding conditions 

present 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Areas cleared of woody weeds are seeded 

using appropriate native grass species to 

assist in the staged, longer-term re-

establishment of a diverse ground layer 

 

Restoration Ecologist 

 Final site preparation undertaken Jun/Jul 2015 

August 2015 
 Specialist direct sowing machine utilised to direct drill 

the prepared areas with monocot (grass) mixes 

 Maintain records of seed rates and species used in 

seeding program 

 

 

All Zones Broad leaf weed 

control in seeded 

areas 

 Assess site condition to determine requirement 

 Undertake weed sweeps targeting broadleaved and re-

shooting woody weeds.  

April 2015 – 

August 2017 

Nil – as required within budget 

parameters 

Seasonal/species suitability 

Reduced presence of broadleaved weeds, 

to facilitate native grass establishment and 

improve overall ecological condition 

Restoration Ecologist 
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Riparian 

Zone 

Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

 Application of rabbit repellent if required in germinating  Date of Riparian Zone restoration 

works commencement. 

All zones Placement of habitat 

boxes 

 Finalise fauna species targeted for habitat 

enhancement 

 Identify suitable locations for habitat box placement 

 Introduce/install habitat boxes  

 Monitor box-use  

April/May 2015 

 

 

 

September 2015 

Primary weed control completed to 

provide access for box installations 

Date of Riparian Zone restoration 

works commencement. 

Increased availability of suitable nesting 

locations for faunal species recorded on 

site 

Restoration Ecologist 

All Zones Plant Supply  Develop revegetation species lists 

 Dispatch seed to a suitably experienced native plant 

production nursery 

 Propagate plants to time with peak planting periods 

 Ensure plant stock is hardened off upon dispatch 

Revegetation 

2015 

Mar-Jul 2015 

Revegetation 

2016 

Sept 2015 – Mar 

2016 

Availability of viable seed 

No impediments to plant production 

(pest, disease or climatic events)  

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

High quality native tubestock supplied in 

time for peak planting periods 

Restoration Ecologist 

(seed) 

 

Nursery Manager 

 

All zones Revegetation 

 Trees and 

Shrubs 

 Biodiversity 

enhancement 

 Finalise planting locations following assessment of 

regeneration capacity, weed competition and erosion 

risk in creekline 

 Prepare planting locations for installation and apply 

rabbit repellent (if required) 

 Install tube stock in targeted locations 

Revegetation 

2015 

Mar-May 2015 

Revegetation 

2016 

Mar-May 2016 

Availability of seed and plant material 

Appropriate climatic conditions 

Completion of primary weed control 

Absence/reduction of herbivores  

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Assist in the re-establishment of 

appropriate CP tree and shrub matrix 

Increase the diversity of CP species at the 

site 

Improve the ecological function and value 

of the site 

Restoration Ecologist 

All zones Bush 

Regeneration/Site 

Maintenance years 1-

2 

 Control of emergent target weeds, using traditional 

bush regeneration techniques 

 Encourage natural regeneration via low impact 

techniques (e.g. brush matting) 

 Watering tubestock and managing weed impeding 

growth 

Aug 2015-Aug 

2017 

Primary weed control completed 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Reduction in extent of target weed species 

Enhanced establishment of naturally 

regenerating plants 

Restoration Ecologist 

R2/R3 only Wildflower seeding   Identify locations suitable for the establishment of 

wildflower beds 

 Direct seed into soil profile 

Mar 2016 Availability of seed 

Appropriate climatic conditions 

Increased plant diversity, vegetation 

structure and function 

Restoration Ecologist 
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Riparian 

Zone 

Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

All zones Bush 

Regeneration/Site 

Maintenance Years 3-

5 

 Control of emergent target weeds, using traditional 

bush regeneration techniques 

 Encourage natural regeneration via low impact 

techniques (e.g. brush matting) 

 Spot spraying broad leaved weeds 

Years 3-5 – exact 

timing will depend 

upon 

commencement 

date of riparian 

management 

works. 

Completion of initial 2 year intensive 

maintenance program 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Continued reduction in extent of target 

weed species and depletion of the weed 

seed bank within the soil profile 

Enhanced establishment of naturally 

regenerating plants 

Restoration Ecologist 
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6. Site Restoration Strategy – Lake and Sports Field 

Precincts 

6.1 Sportsfield Precinct Description 

The Sportsfield Precinct (SP) is located in the southern portion of the site, and will see the 

redevelopment and upgrade of the existing fields and associated infrastructure, see Figure 7.  

It is bordered by Goldsmith Avenue to the north and a Railcorp Corridor to the south. Riparian 

Zone 3 is located to the northwest above Sportsfield 2 and the Lake Precinct is located to the 

west. Therefore restoration activities in this precinct will integrate with R3and the Lake Precinct 

providing improved connectivity within the overall development area. 

Bow Bowing Creek is located to the south of the playing fields, currently a concrete lined channel 

from its emergence below Harrisons Dam. This creek will be naturalised along approximately 460 

m of its length.  

Under the Strahler system Bow Bowing Creek is described as a 3rd order stream below Harrisons 

Dam, before grading into a 4th order stream below the confluence with the R3 corridor. 3rd Order 

streams require a 30m vegetation buffer either side from top of bank, 4th order streams require a 

40m vegetation buffer either side from top of bank. 

6.1.1 Existing Vegetation Condition 

Quadrats were established in order to undertake a rapid assessment of vegetation condition 

within this precinct additional observations were taken to augment quadrat data. This included 

areas designated for retention and clearing during earthworks, see Figure 7. 

Remnant Vegetation 

Remnant vegetation above Sportsfield 1, approximately 7,500sqm, is highly degraded, native 

canopy trees are present and present a woodland form. Eucalyptus tereticornis and Eucalyptus 

molucanna are the dominant species in this location, trees do contain hollows and there is small 

amounts of woody debris on the ground. 

The sub-canopy/shrub layer is dominated by African olive (Olea europea subsp. Cuspidata) with 

an estimated cover of 70%, generally 4-5 m high. African boxthorn (Lycium ferocissimum), a 

noxious weed is present in low densities <1%.  

No native shrub species were in areas with high densities of African olive. On the edges Acacia 

parramattensis was recorded in both mature and seedling form. 

The ground layer beneath dense African olive is mostly devoid of vegetation native or exotic. 

Generally the soil profile is cover with leaf litter or bare ground which is consistent with thick 

African olive infestations. Groundlayer vegetation is also being negatively impacted by erosion, 
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resulting from disturbance and increased runoff following the construction of a retaining wall 

between the remnant and Goldsmith Avenue. 

On the outer edges of the remnant some native species were identified in low numbers including 

Themeda australis, Einadia hastate, Einadia trigonos, Capillipedium parviflorum (planted), 

Hardenbergia violacea (planted), Glycine microphylla and Dichondra repens were recorded in low 

levels. 

The noxious weed Bridal Creeper (Asparagus asparagoides) was recorded in relatively low 

numbers across the zone, along with Setaria pumila, Paspalum dilatatum, Pennisetum 

clandestinum, Senecio madagascariensis, Verbena sp, Sida rhombifolia and Cirsium vulgare. 

In regards to habitat features, one dead tree (stag) is present on the eastern edge of this remnant. 

It is recommended that this tree be retained. This tree should be assessed for risk, and the 

modified by creating hollows of different sizes directly into the dead wood, providing a range of 

habitat features. 

Litter cover was very high, a direct reflection of the dominant African olive shrub layer. There were 

small areas of cryptogamic crust. 

Outside of the boundaries of this VMP we noted that Blackberry (Rubus fruticosa) is present within 

existing drainage lines and that Chilean Needle Grass is dominant in mown slopes below the Uni 

Fit Gym. 

During the inspection a Parrot sp was noted consisting of 20+ individuals. Also noted Sulphur 

Crested Cockatoos, Crows and Bell Birds.  

Rabbits are common, and are impeding natural regeneration.  

A second and smaller patch of remnant vegetation is located alongside the Railcorp Railway 

Corridor. Lineal in nature this remnant has a footprint of approximately 1,800smq. 

This area has a good native canopy with Eucalyptus molucanna and Eucalyptus tereticornis be 

being the dominant species.  

No exotic species are present within the canopy layer, however there is an establishing exotic 

shrub layer, consistent with the overall site this is primarily African olive and African boxthorn. 

Narrow-leaf cotton bush (Gomphocarpus fruiticosus) is present, while cover is less than <1% it is 

broadly distributed and likely to be increasing in extent, this species is poisonous to humans and 

its sap can cause skin irritation. 

Groundlayer vegetation is in mixed condition, Themeda australis is present throughout though it 

at the western end that it forms solid patches. Native Chloris sp. are also present, along with 

Dichondra repens and other ubiquitous native groundlayer species. 

Vegetation on the slope leading down to the concrete lined Bow Bowing Creek is dominated by 

Rhodes Grass. 
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Open Pasture 

Vegetation condition in open pasture areas, which includes the footprint of VMU 3, Bow Bowing 

Creek and the Detention Basin, is in poor condition. Groundlayer vegetation is dominated by 

exotic species including Chilean Needle Grass (Nassella neesiana) 15% cover, Paspalum 

dilatatum 20%, Pennisetum clandestinum 20% and Briza sp. 10%. 

Native groundlayer plants are found within, though with the exception of Cynodon dactylon which 

is ubiquitous and isolated patches of Themeda australis cover is very low. Other species recorded 

include Veronia sp., Cyperus sp., Geranium solanderi, Juncus usitatus, Cymbopogon refractus, 

Linum sp. Dichondra repens and Glycine tabacina. 

There is little vegetation in the shrub layer, being a predominately cleared area used in the past 

for sports and recreation. Exotic species African boxthorn and African daisy are present, as well 

as scattered blackberry briars. Native shrubs include small patches of Acacia parramattensis and 

Acacia implexa, seedlings of both species were noted indicating that these species are slowly 

regenerating.  

The canopy vegetation throughout these open cleared areas is dominated by exotic species, 

primarily African olive. During inspections 2 Eucalyptus seedlings were noted, these are believed 

to be Eucalyptus tereticornis. 

Bow Bowing Creek is currently a concrete lined channel, which provides no ecological function. 
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Figure 7 Sports Field Precinct Vegetation Management Units 
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6.2 Sportsfield Restoration Objectives 

There is no planned clearing of identified Cumberland Plain Woodland within this Precinct. 

Degraded remnant stands will be retained and managed, and approximately 7ha of re-

constructed supporting woodland vegetation will be established. 

This Precinct has been divided into 4 Vegetation Management Units (VMUs) reflecting condition 

or location (see Figure 7). They are; 

 VMU 1 & 2 – Consisting of remnant vegetation which is to be retained 

 VMU 3 – Reconstructed woodland 

 VMU 4 Bow Bowing Creek – Naturalisation of a section Bow Bowing Creek. 

Associated with these areas will be new sporting infrastructure and the plant out of the detention 

basin which do not form part of this VMP. 

The restoration of the Sportsfield Precinct differs from other areas to be restored or regenerated 

across the development site in that it contains large areas which will be completely reshaped 

during civil construction works. These areas will be completely devoid of vegetation, native or 

exotic and will require intensive management actions in order to create the target open-woodland 

vegetation matrix. 

As a result of earthworks the following VMUs will require intensive restoration; 

 VMU 3 Reconstructed Open Woodland – all areas outside of Remnants 1 and 2 - 

~60,000m² 

 VMU Bow Bowing Creek - ~7,940m² 

In general management actions will be in line with the techniques and principles as described in 

Section 3.  

Revegetation requirements are shown in Table 22 for each VMU, overall Objectives and 

performance targets for each VMU are provided in Table 23. 

An indicative staging plan for both the Sportsfield Precinct is provided in Table 26. 
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 Sportsfield Precinct – Revegetation Summary 

Management 

Zone 
Description 

Total Area 

(sqm) 

Revegetation 

Area (sqm) 
Jute/Mulch 

Planting rates 

Total 

Canopy Shrub Groundlayer 

VMU 1 Assisted Regeneration 7,500 7,500 n/a 0 10 x 150m² 

blocks/ha 

Each block 1 

stem/4m 

2/m² 15,375 

VMU 2 Habitat Enhancement  1,800  n/a 0 5 x 150m² 

blocks/ha 

Each block 1 

stem/4m 

0 187 

VMU 3 Woodland reconstruction 60,520 60,520 Mulch 1/100m² 20 x 150m² 

blocks/ha 

Each block 1 

stem/4m² 

4/m² 247,185 

VMU 4 Riparian Channel/bank 

planting 

7,940 7,940 Jute 1 per 20 

lineal m both 

sides of 

creek. 

20 x 200m² 

blocks along 

length of 

creek 

1 stem/2m² 

6/m² 49,686 
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 Sportsfield Performance Targets 

VMU Objectives Measure Mechanism 

Vegetation 

Management 

Unit 1 

 

Management 

Approach – 

Assisted 

Regeneration 

Reduction in threatening processes 

Identified Noxious weeds (woody) - 100% control of mature plants 

Identified Noxious weeds (herbaceous) – continuous suppression 

African Olive – 100% control of mature plants 

African Box thorn- 100% control of mature plants 

Bridal Creeper – 100% control of mature plants 

Control of other weed species as required to minimise impact on ecological function 

 

Primary weed control/Bush regeneration 

Rabbit Control  

 

Improved vegetation structure Native vegetation present in all strata 

Shrubs - 10 x 150m² blocks/ha Each block 1 stem/4m 

Groundlayer plants installed at 2/m² 

 

Increased diversity within native 

vegetation strata 

CPW (SHW/SPW) 

- Shrub – Min 6 Species 

- Ground layer – Min 10 species 

Natural Regeneration/tubestock planting/seeding 

Rabbit Control 

Improved ecological function - Fauna Increased presence of native fauna 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Natural Regeneration/tubestock planting/seeding 

Rabbit control 

 

Vegetation 

Management 

Unit 2 

Management 

Approach – 

Reduction in threatening processes 

Identified Noxious weeds (woody) - 100% control of mature plants 

Identified Noxious weeds (herbaceous) – continuous suppression 

African Olive – 100% control of mature plants 

African Box thorn- 100% control of mature plants 

Bridal Creeper – 100% control of mature plants 

Primary weed control/Bush regeneration 

Rabbit Control  
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VMU Objectives Measure Mechanism 

Assisted 

Regeneration 

Control of other weed species as required to minimise impact on ecological function 

 

Improved vegetation structure Native vegetation present in all strata 5 x 150m² blocks/ha Each block 1 stem/4m  

Increased diversity within native 

vegetation strata 

CPW (SHW/SPW) 

- Shrub – Min 6 Species 

 

Natural Regeneration/tubestock planting/seeding 

Rabbit Control 

 

Improved ecological function –  

Fauna 
Increased presence of native fauna 

 

 

 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Natural Regeneration/tubestock planting/seeding 

Rabbit control 

 

 

 

Vegetation 

Management 

Unit 3 

Management 

Approach – 

Woodland 

Restoration 

Stabilisation of soil profile post 

earthworks 
No signs of active erosion 

 

Mulching to 75mm 

Native plant cover established 

 

Improved vegetation structure Native vegetation present in all strata 

 

Canopy – 1 stem per 20m² 

Shrubs - 20 x 150m² blocks/ha Each block 1 stem/4m² 

Groundlayer plants installed at 4/m² 
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VMU Objectives Measure Mechanism 

 

Establishment of open native 

woodland – CPW (SPW/SHW) 

 

Canopy – 100 stems per ha 

Shrub – 750 stems per ha  

Ground layer – 4 plants/stems per sqm on average 

Tubestock planting/seeding 

Rabbit Control  

Increased diversity within native 

vegetation strata 

CPW (SHW/SPW) 

- Canopy – Min 7 Species 

- Shrub – Min 6 Species 

Ground layer – Min 10 species 

Natural Regeneration/tubestock planting/seeding 

Rabbit Control 

Reduction in threatening processes 
No new Noxious tree or shrub species established 

Exotic groundlayer no more that 50% cover 
Weed maintenance program 

Improved ecological function - Fauna Increased presence of native fauna 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Natural Regeneration/tubestock planting/seeding 

Rabbit control 

Vegetation 

Management 

Unit 4 

Bow Bowing 

Creek 

Management 

Approach – 

Woodland 

Restoration 

Stabilisation of stream banks Vegetation cover adjacent to and within stream 

Jute Matting 

Tubestock planting/seeding 

Placement of abiotic features (i.e. logs and rocks) 

Improved vegetation structure Native vegetation present in all strata 

 

Canopy – 1 per 20 lineal m both sides of creek. 

Shrubs - 20 x 200m² blocks along length of creek 1 stem/2m² 

Groundlayer plants installed at 6/m² 
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VMU Objectives Measure Mechanism 

Establishment of open native 

woodland – CPW (SPW/SHW) 

 

Shrub – 20 x 200m² shrub blocks @ 1/2m² 

Ground layer – 6 stems per m2 on average 

Tubestock planting/seeding 

Rabbit Control  

Increased diversity within native 

vegetation strata 

CPW (SHW/SPW) 

- Canopy – Min 7 Species 

- Shrub – Min 6 Species 

- Ground layer – Min 10 species 

Natural Regeneration/tubestock planting/seeding 

Rabbit Control 

Reduction in threatening processes 
No new Noxious tree or shrub species established 

Exotic groundlayer no more that 50% cover 
Weed maintenance program 

Improved ecological function - Fauna - Increased presence of native fauna 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Natural Regeneration/tubestock planting/seeding 

Rabbit control 

 



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

90 

6.3 Lake Precinct Description 

The Lake Precinct (LP) is located in the southern portion of the site, and in associated with 

Thompson Lake (previously known as Harrisons Dam), see Figure 8. There is no planned clearing 

of identified Cumberland Plain Woodland within this Precinct.  

It is bordered by a Railcorp Corridor to the south, the Sportsfield precinct to the north and 

integrates with Riparian Zone 1 to the west. 

Under the Strahler system Thompson Lake is described as a 3rd order stream before it exists the 

Lake and subsequently grade into a 4th order stream below the confluence with the R3 corridor in 

the Sportsfield Precinct. 3rd Order streams require a 30m vegetation buffer either side from top of 

bank. 

6.3.1 Existing Vegetation Condition 

Quadrats were established in order to undertake a rapid assessment of vegetation condition 

within this precinct and were combined with additional opportunistic notes, the assessment results 

are provided below. 

VMU 1 

Estimated area 6,949m² 

Consisting of regenerating vegetation, VMU 1 is in relatively good condition. 

The canopy is dominated by Eucalyptus molucanna and Eucalyptus tereticornis, and also 

includes a number of standing dead trees that provide significant habitat structure. Eucalyptus 

samplings are present. 

The shrub layer is in mixed condition. African olive (Olea europea subsp. Cuspidata) and African 

boxthorn (Lycium ferocissimum) are present and prolific, however at the time of inspection plants 

were generally <3m and were not forming dense stands with the exception of mature trees along 

a drainage line. Management of these weed species is expected to be readily achieved. 

Prickly Pear (Opuntia stricta) occurs as isolated individuals. Madeira vine (Anredera cordifolia) 

occurs in the drainage line that extends to the north of the VMU, Araujia sericifera occurs in small 

pockets throughout. 

Native shrub species in particular Bursaria spinosa is common, less common are Acacia 

parramattensis, Acacia implexa and Exocarpus cupressiformis. 

Ground layer vegetation is good with the following species recorded. Aristida sp, Chloris 

ventricosa, Themeda australis, Einadia hastate, Einadia trigonos, Capillipedium parviflorum, 

Solanum prinophyllum, Glycine microphylla and Dichondra repens were recorded in low levels. 

Rabbits are common, and are impeding natural regeneration.  
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Exotic groundlayer species tended to be most prevalent on the edges of remnant vegetation or in 

areas of high disturbance. Noted species include included the noxious weed Bridal Creeper 

(Asparagus asparagoides), Paspalum dilatatum, Pennisetum clandestinum, Senecio 

madagascariensis, Setaria pumila, Briza sp, Sida rhombifolia and Cirsium vulgare. 

In regards to habitat features, as noted a number of dead trees are present. It is recommended 

that these be retained. Dead trees should be assessed for risk, and if required modified by trained 

arborists to remove dangerous timber and create hollows of different sizes directly into the dead 

wood, providing a range of habitat features. 

Disturbance in this VMU is minimal, the edges are affected by routine mowing which is stimulating 

the spread of some exotic species however this appears to be having minimal impact. A drainage 

line that flows into the Lake has historically been used as a ‘farm tip’ with building rubble, bottles 

and pieces of iron being located at the top of the channel.  

This is relatively stable, the main concern in this location will be as a physical risk to new residents. 

We recommend that it be further assessed during the construction phase, and if deemed 

necessary excavated, reshaped and revegetated.  

Outside of the boundaries of this VMU we noted that Blackberry (Rubus fruticosa) is present and 

that Eragrostis curvula are prevalent in mown slopes to the north.  

VMU 2 

Estimated area 8,790m² 

Regenerating woodland bordered by the Railcorp Rail Corridor to the south and Thompson Lake 

to the north, vegetation in VMU 2 is generally in very good condition. With the exception of the 

long lineal border with the rail corridor and interface withy VMU 3, this are will only require low 

levels of effort to stabilise and improve vegetation condition. 

The canopy is dominated by Eucalyptus molucanna and Eucalyptus tereticornis. As with VMU 1 

a number of standing dead trees are present and provide significant habitat structure.  

African olive (Olea europea subsp. Cuspidata), Large-leaf Privet (Ligustrum lucidum), African 

boxthorn (Lycium ferocissimum), Peppercorn tree (Schinus molle) and African daisy (Senecio 

pterophorus) are present within the shrub layer. In the main these species are confined to the 

boundary with the rail corridor and to the dam wall. Management of these weed species is 

expected to be readily achieved. 

Small Blackberry (Rubus fruiticosus) briars are scattered throughout, often on the lake edge. 

Bridal creeper (Asparagus asparagoides) is present in small isolated patches. 

Native shrub species include Bursaria spinosa, less common are Acacia parramattensis, Acacia 

implexa and Exocarpus cupressiformis. Noted in this VMU were the native species Dodonaea 

viscosa and a Cassinia sp. 
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Ground layer vegetation in open areas and along the lakes edge is dominated by Common Cooch 

(Cynodon dactylon), beneath the remnant native canopy diversity increased. Themeda australis, 

Einadia hastate, Einadia trigonos, Capillipedium parviflorum, Solanum prinophyllum, Glycine 

microphylla and Dichondra repens were noted. Cheilanthes sieberi was noted in areas with high 

leaf litter. 

Exotic groundlayer species were present, but tended to be found on the edges of the VMU 

especially along the railway corridor edge. Bridal Creeper (Asparagus asparagoides) is scattered 

throughout the remnant areas. 

Rabbits are common, and are impeding natural regeneration, with many young native plants 

showing signs of browsing. 

In regards to habitat features, as noted a number of dead trees are present. It is recommended 

that these be retained. Dead trees should be assessed for risk, and if required modified by trained 

arborists to remove dangerous timber and create hollows of different sizes directly into the dead 

wood, providing a range of habitat features. 

Access into VMU 2 is constrained, vehicle access may be possible from the western end through 

VMU 3 once primary weed control has occurred. Otherwise teams will have to access VMU 2 on 

foot to undertake management actions. 

VMU 3 

Estimated area 25,550m² 

VMU 3 is the confluence point between Riparian Zone 1 and Thompson Lake, weed pressure 

caused by weed movement from R1 and the naturally moist conditions in this area have meant 

that this VMU has a significant weed presence. 

Mature canopy vegetation is lacking in this VMU, regenerating Eucalypts are present, 

predominately Eucalyptus molucanna and Eucalyptus tereticornis. 

The shrub layer is in mixed condition African olive (Olea europea subsp. Cuspidata), Large-leaf 

Privet (Ligustrum lucidum), African boxthorn (Lycium ferocissimum) and Prickly Pear (Opuntia 

stricta) are prevalent. However native species can also be found intermixed throughout, in 

particularly Acacia parramattensis and Bursaria spinosa. 

Blackberry (Rubus fruiticosus) briars are found throughout this VMU in particular in the moist 

depressions and headwaters of Thompson Lake. 

Groundlayer vegetation is similarly mixed. St Johns wort (Hypericum perforatum) is widespread 

especially on the higher grassy edges, consistent with other areas of the site Paspalum dilatatum, 

Pennisetum clandestinum, Senecio madagascariensis, Setaria pumila, Briza sp, Sida rhombifolia 

and Cirsium vulgare are also common. 

Native species identified include good patches of Microleana stipoidies and Themeda australis. 
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Figure 8 Lake Precinct Vegetation Management Units 
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6.4 Lake Precinct Restoration Objectives 

This Precinct has been divided into 3 Vegetation Management Units (VMUs) reflecting condition 

or location (see Figure 8). They are; 

 VMU 1 – Consisting of good condition remnant vegetation to the north of Thompson Lake 

which is to be retained 

 VMU 2 – Consisting of good condition remnant vegetation to the south of the Thompson 

Lake which is to be retained 

 VMU 3 – Consisting of degraded remnant vegetation to the south of Thompson Lake which 

is to be retained. 

Associated with these areas will be Managed Amenity Landscapes which do not form part of this 

VMP. 

In general management actions will be in line with the techniques and principles as described in 

Section 3.  

Revegetation requirements are shown in Table 24 for each VMU, overall Objectives and 

performance targets for each VMU are provided in Table 25. 

An indicative staging plan for both the Sportsfield Precinct is provided in Table 27. 
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 Lake Precinct – Revegetation Summary 

Management 

Zone 
Description 

Total Area 

(sqm) 

Revegetation 

Area (sqm) 
Jute/Mulch 

Planting rates 

Total 

Canopy Shrub Groundlayer 

VMU 1 Assisted Regeneration 6,949 0 n/a 0 0 0  

VMU 2 Habitat Enhancement  8,790 0 n/a 0 0 0  

VMU 3 Woodland reconstruction 25,550 25,550 Mulch 1/100m² 20 x 150m² 

blocks/ha 

Each block 1 

stem/4m² 

2/m² 53,230 
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 Lake Precinct Performance Targets 

VMU Objectives Measure Mechanism 

Vegetation 

Management 

Unit 1 & 2 

 

Management 

Approach – 

Assisted 

Regeneration 

Reduction in threatening processes 

 

Identified Noxious weeds (woody) - 100% control of mature plants 

Identified Noxious weeds (herbaceous) – continuous suppression 

African Olive – 95% control of plants 

African Box thorn- 100% control of mature plants 

Bridal Creeper – 100% control of mature plants 

Prickly Pear – 100% control of mature plants 

Control of other weed species as required to minimise impact on ecological function 

 

Primary weed control/Bush regeneration 

Rabbit Control  

 

Improved vegetation structure Native vegetation present in all strata 

 

Natural regeneration 

Assisted regeneration 

Brush matting 

Seed Broadcast 

Increased diversity within native 

vegetation strata 
Increase in native species identified during monitoring 

 

Natural regeneration 

Assisted regeneration 

Brush matting 

Seed Broadcast 

 

Improved ecological function - Fauna Increased presence of native fauna 

 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Rabbit control 
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VMU Objectives Measure Mechanism 

Vegetation 

Management 

Unit 3 

Management 

Approach – 

Restoration 

Reduction in threatening processes 

Identified Noxious weeds (woody) - 100% control of mature plants 

Identified Noxious weeds (herbaceous) – continuous suppression 

African Olive – 100% control of mature plants 

African Box thorn- 100% control of mature plants 

Blackberry – 95% control of briars 

Bridal Creeper – 100% control of mature plants 

Large-leaf Privet – 100% control of mature plants 

Control of other weed species as required to minimise impact on ecological function 

Primary weed control/Bush regeneration 

Rabbit Control  

 

Improved ecological function –  

Fauna 
Increased presence of native fauna 

Placement of cleared woody debris 

Retention of dead trees were safe to do so 

Creation of habitat hollows (microbat, mammal and bird) 

Natural Regeneration 

Rabbit control 

Improved vegetation structure Native vegetation present in all strata 

Canopy – 1 stem per 20m² 

Shrubs - 20 x 150m² blocks/ha Each block 1 stem/4m² 

Groundlayer plants installed at 2/m² on average 

Establishment of open native 

woodland – CPW (SPW/SHW) 

 

- Canopy – 100 stems per ha 

- Shrub – 750 stems per ha  

- Ground layer – 1 stem per sqm on average 

Tubestock planting/seeding 

Rabbit Control  

Increased diversity within native 

vegetation strata 

CPW (SHW/SPW) 

- Canopy – Min 7 Species 

- Shrub – Min 6 Species 

- Ground layer – Min 10 species 

Tubestock planting 

Natural regeneration 

Assisted regeneration 

Brush matting 

Seed Broadcast 
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6.5 Restoration Strategy Sportsfield and Lake Precincts 

 

26 and 27 detail the general Restoration Strategy for the Sportsfield and Lake Precincts respectively, general management actions are also described in Section 3. Species guidelines and weed management techniques 

and are included in Appendix 4 and Appendix 5 respectively. 

The ultimate timing and management approaches taken will be dictated by the timing of works, access and available seed and plant resources. Generally spacing between deliverables is accurate and covers a period of 

18 months. However seed collection, propagation, revegetation and some weed treatment activities are best undertaken in particular seasons. To maximise success rates and reduce project risk these activities should 

occur during peak times where possible. 

Generally it is suggested that: 

 Seed collection activities occur between October and March, depending on the species and season.  

 Direct seeding activities occur in Autumn to very early Spring, depending on species and capacity to manage weed on site. 

 Planting activities  occur in Autumn or Spring 

 Weed management occurs according to the species specific guidelines listed in the DPI Noxious and Environmental Weeds handbook (DPI, 2011). These guide actions targeting weeds to occur during periods of 

active growth, many species not actively growing during the hottest or coldest periods.  

 Rabbit control requires further planning however should generally occur between Spring and Autumn 

 Sportsfield Restoration Strategy/Program of Works – Key Activities 

Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

All VMUs Secure Seed 

Requirements 

 Submit Section 132C Licence Application July 2015 Securing Collection Licence 

Availability of appropriate seed 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Sufficient grass seed 

resources are secured to 

allow for site seeding post 

primary weed control 

Seed from a wide diversity of 

CP species are secured for 

use in biodiverse plantings 

A project Seedbank is 

established and collection 

records maintained 

Restoration 

Ecologist  (seed) 

 Secure access permission July 2015 

 Collect/source seed Sept 15-Apr 2015 

 Clean seed collections to appropriate level Jan-Apr 2015 

 Enter collection records in database As req. 

 Store collections in appropriate facility As req. 

VMU 3 and 

4 

Topsoil Management - Test soil to determine weed seed depth  

- Strip and bury the heaviest seed bearing soil, dependent 

upon weed seed depth this may not be feasible.  

- Separate and stockpile the A horizon (and B horizon if 

required). 

 Approval of DA Site handed over in a 

condition that maximises the 

success of subsequent 

revegetation. 

Civil Contractor 
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Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

- Avoid placing the often highly sodic B Horizon on the 

surface post earthworks. 

- Allow time for weed seed germination 

- Upon germination with a fast acting fast acting glyphosate 

and residual herbicide. 

- Spread clean topsoil across the site to a depth of at least 

75mm. 

 At completion of earthworks the site is to be handed over 

in a condition that is stable but not compacted.  

All VMUs Boundary Fencing and 

signage 

 Erect demarcation fencing between restoration and adjacent 

construction areas 

 Erect signage to convey that the area is being managed 

for conservation purposes 

Post earthworks Completion of all civil earthworks Restoration areas are clearly 

demarcated 

Reduced level of disturbance  

 

Civil Contractor 

VMU 3 

 

Soil Stabilisation 

Mulching 

 Supply and spread mulch to min 75mm remaining area 

 Mulch – is to be spread to a depth no less than 75mm and no 

greater than 100mm. Mulch is to be free of weed material. 

Immediately post 

final shaping 

Completion of earthworks Exposed soil profile is 

covered and protected from 

erosion and weed 

establishment. 

Restoration 

Ecologist 

Bow Bowing 

Creek 

VMU 4 

Soil stabilisation 

Jute matting 

 Reshaped batters of Bow Bowing Creek – lay and pin jute 

matting 

 Jute Matting – is to be 100% biodegradable jute fibre with 

a minimum weight of 680g/m2 

Immediately post 

final shaping 

Completion of earthworks Exposed soil profile is 

covered and protected from 

erosion and weed 

establishment. 

Restoration 

Ecologist 

VMU 3 and 

VMU 4 Bow 

Bowing 

Creek 

 

Irrigation   Finalise layout of semi-permanent irrigation 

 Install on site and test prior 

2 months prior to 

planting 

Completion of mulch and jute 

matting. 

Access to stable water supply – 

mains preferred 

Effective and efficient 

irrigation system is in place 

and operations prior to 

revegetation commencing.  

Restoration 

Ecologist 

All VMUs Weed Management pre-

planting  

 Assess site condition to determine requirement 

 Undertake weed sweeps targeting establishing weeds.  

Commencing post 

laying of Jute or 

Mulch.  

Estimated bi-monthly 

Seasonal/species suitability 

Date of earthworks completion and 

subsequent mulch/jute cover. 

Reduced presence of weeds, 

providing for a clean planting 

site. 

Restoration 

Ecologist 
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Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

VMU 1 and 

2   

Primary Weed Control  Assess the site and mark out areas exhibiting natural 

resilience 

Sept 2015 Final determination and mark out of 

Remnant Boundaries 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Removal and mulching of 

~85% of the woody weed 

Subsequent control/re-re-

treatment of stumps by hand 

post mechanical control 

Restoration 

Ecologist 

 Clear primary woody weeds focusing on African olive and 

African boxthorn 

Sept - Nov 2015 

 Control brambles and briars and hand remove woody weeds 

in erosion risk areas (minor works) 

Jan/Feb 2015/16  

 Follow-up targeted bush regeneration of regenerating woody 

and broadleaf weeds in primary treatment zones 

Dec 15 - June  2016 

VMU 1 & 2 Creation of habitat hollows  Finalise fauna species targeted for habitat enhancement 

 Identify suitable locations for habitat hollow creation 

 Install 

 Monitor box-use  

Jan-Feb 2016 Primary weed control completed to 

provide access for box installations 

Date of Riparian Zone restoration 

works commencement. 

Increased availability of 

suitable nesting locations for 

faunal species recorded on 

site 

Restoration 

Ecologist 

Qualified Arborist 

All VMUs Plant Supply  Develop revegetation species lists 

 Dispatch seed to a suitably experienced native plant 

production nursery 

 Propagate plants to time with peak planting periods 

 Ensure plant stock is hardened off upon dispatch 

Dec 2015 

 

 

Jan – August 2016 

Availability of viable seed 

No impediments to plant production 

(pest, disease or climatic events)  

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

High quality native tubestock 

supplied in time for peak 

planting periods 

Restoration 

Ecologist (seed) 

 

Nursery Manager 

 

All VMUs Revegetation 

 Trees and Shrubs 

 Biodiversity 

enhancement 

 Finalise planting locations following assessment of 

regeneration capacity, weed competition and erosion risk in 

creekline 

 Prepare planting locations for installation and apply rabbit 

repellent 

 Install tube stock  

Revegetation 2016 

August-October 2016 

Availability of seed and plant 

material 

Appropriate climatic conditions 

Completion of primary weed control 

Absence/reduction of herbivores  

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Assist in the re-establishment 

of appropriate open CPW 

tree and shrub matrix 

Increase the diversity of CP 

species at the site 

Improve the ecological 

function and value of the site  

Restoration 

Ecologist 

All VMUs Installation watering  Operation of irrigation system 

 Hand watering of installed plants where required 

August 2016 – March 

2017 

Completion of planting 

Access to reliable water source – 

mains supply 

Installed plant survival rate 

>85% 

Rapid plant establishment 

Restoration 

Ecologist 
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Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

All VMUs Weed Management post-

planting  

 Undertake weed sweeps targeting establishing weeds.  

 Spot spray and wick wipe 

Upon completion of 

revegetation 

October 2016-June 

2018 

Completion of planting 

 

Reduced presence of weeds 

Installed plant survival rate 

>85% 

Rapid plant establishment 

Restoration 

Ecologist 

VMU 1 & 2 Bush Regeneration Years 

1-2 

 Control of emergent target weeds, using traditional bush 

regeneration techniques 

 Encourage natural regeneration via low impact techniques 

(e.g. brush matting) 

 Watering tubestock and managing weed impeding growth 

July 2016-June 2018 Primary weed control completed 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Reduction in extent of target 

weed species 

 

Enhanced establishment of 

naturally regenerating plants 

Restoration 

Ecologist 

All VMUs Bush 

Regeneration/Revegetation 

Maintenance Years 3-5 

 Control of emergent target weeds, using traditional bush 

regeneration techniques 

 Encourage natural regeneration via low impact techniques 

(e.g. brush matting) 

 Spot spraying broad leaved weeds 

Years 3-5 – exact 

timing will depend 

upon 

commencement date 

of riparian 

management works. 

Completion of initial 2 year 

intensive maintenance program 

Seasonal suitability 

Date of Riparian Zone restoration 

works commencement. 

Continued reduction in extent 

of target weed species and 

depletion of the weed seed 

bank within the soil profile 

Enhanced establishment of 

naturally regenerating plants 

Restoration 

Ecologist 
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 Lake Restoration Strategy/Program of Works – Key Activities 

Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

All VMUs Secure Seed 

Requirements 

 Submit Section 132C Licence Application July 2015 Securing Collection Licence 

Availability of appropriate seed 

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

Sufficient grass seed 

resources are secured to allow 

for site seeding post primary 

weed control 

Seed from a wide diversity of 

CP species are secured for 

use in biodiverse plantings 

A project Seedbank is 

established and collection 

records maintained 

Restoration 

Ecologist  (seed) 

 Secure access permission July 2015 

 Collect/source seed Sept 15-Apr 2015 

 Clean seed collections to appropriate level Jan-Apr 2015 

 Enter collection records in database As req. 

 Store collections in appropriate facility As req. 

All VMUs Boundary Fencing and 

signage 

 Erect demarcation fencing between restoration and adjacent 

construction areas 

 Erect signage to convey that the area is being managed 

for conservation purposes 

Post earthworks Completion of all civil 

earthworks 

Restoration areas are clearly 

demarcated 

Reduced level of disturbance  

 

Civil Contractor 

VMU 1 and 

2   

Primary Weed Control  Assess the site and mark out areas exhibiting natural 

resilience 

Sept 2015 Final determination and mark 

out of Remnant Boundaries 

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

Control of ~85% of the woody 

weed 

Restoration 

Ecologist 

 Clear primary woody weeds focusing on woody weed species Sept - Nov 2015 

 Control brambles and briars and hand remove woody weeds 

in erosion risk areas (minor works) 

Jan/Feb 2015/16  

 Follow-up targeted bush regeneration of regenerating woody 

and broadleaf weeds in primary treatment zones 

Dec 15 - June 2016 

VMU 1 & 2 Creation of habitat hollows  Finalise fauna species targeted for habitat enhancement 

 Identify suitable locations for habitat hollow creation 

 Install 

 Monitor box-use  

Jan-Feb 2016 Primary weed control completed 

to provide access for box 

installations 

Date of Riparian Zone 

restoration works 

commencement. 

Increased availability of 

suitable nesting locations for 

faunal species recorded on 

site 

Restoration 

Ecologist 

Qualified Arborist 

VMU 3 Primary Weed Control  Assess the site and mark out areas exhibiting natural 

resilience 

 Clear woody weeds and briars using a forestry tritter 

Sept 2015 

 

Final determination and mark 

out of Remnant Boundaries 

Removal and mulching of 

~85% of target weed species 

Restoration 

Ecologist 
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Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

 Follow-up targeted bush regeneration of regenerating woody 

and broadleaf weeds in primary treatment zones 

Sept - Nov 2015 

Dec 15 - June 2016 

Integrate with Management of 

RZ1 if possible 

Follow-up control by hand to 

treat weeds in proximity to 

retained native 

VMU 3 Provisional 

Soil stabilisation 

Jute matting 

 Inspect VMU 3 post clearing 

 Lay and pin jute matting in areas at high risk of erosion 

 Jute Matting – is to be 100% biodegradable jute fibre with 

a minimum weight of 680g/m2 

Post forestry clearing Initial primary clearing 

completed 

Exposed soil profile is covered 

and protected from erosion 

and weed establishment. 

Restoration 

Ecologist 

VMU 3 Plant Supply  Develop revegetation species lists 

 Dispatch seed to a suitably experienced native plant 

production nursery 

 Propagate plants to time with peak planting periods 

 Ensure plant stock is hardened off upon dispatch 

Dec 2015 

 

 

Jan – August 2016 

Availability of viable seed 

No impediments to plant 

production (pest, disease or 

climatic events)  

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

High quality native tubestock 

supplied in time for peak 

planting periods 

Restoration 

Ecologist (seed) 

 

Nursery Manager 

 

VMU 3 Revegetation 

 Trees and Shrubs 

 Biodiversity 

enhancement 

 Finalise planting locations following assessment of 

regeneration capacity, weed competition and erosion risk in 

creekline 

 Prepare planting locations for installation and apply rabbit 

repellent 

 Install tube stock  

Revegetation 2016 

August-October 2016 

Availability of seed and plant 

material 

Appropriate climatic conditions 

Completion of primary weed 

control 

Absence/reduction of herbivores  

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

Assist in the re-establishment 

of appropriate open CPW tree 

and shrub matrix 

Increase the diversity of CP 

species at the site 

Improve the ecological function 

and value of the site  

Restoration 

Ecologist 

VMU 3 Installation watering  Hand watering of installed plants where required August 2016 – March 

2017 

Completion of planting 

Access to reliable water source 

– mains supply 

Installed plant survival rate 

>85% 

Rapid plant establishment 

Restoration 

Ecologist 

VMU 3 Weed Management post-

planting  

 Undertake weed sweeps targeting establishing weeds.  

 Spot spray and wick wipe 

Upon completion of 

revegetation 

October 2016-June 

2018 

Completion of planting 

 

Reduced presence of weeds 

Installed plant survival rate 

>85% 

Rapid plant establishment 

Restoration 

Ecologist 



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

104 

Precinct Deliverable Actions Timing* Dependencies Expected Outcome Responsible Party 

VMU 1 & 2 Bush Regeneration Years 

1-2 

 Control of emergent target weeds, using traditional bush 

regeneration techniques 

 Encourage natural regeneration via low impact techniques 

(e.g. brush matting) 

 Watering tubestock and managing weed impeding growth 

July 2016-June 2018 Primary weed control completed 

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

Reduction in extent of target 

weed species 

 

Enhanced establishment of 

naturally regenerating plants 

Restoration 

Ecologist 

All VMUs Bush 

Regeneration/Revegetation 

Maintenance Years 3-5 

 Control of emergent target weeds, using traditional bush 

regeneration techniques 

 Encourage natural regeneration via low impact techniques 

(e.g. brush matting) 

 Spot spraying broad leaved weeds 

Years 3-5 – exact 

timing will depend 

upon 

commencement date 

of riparian 

management works. 

Completion of initial 2 year 

intensive maintenance program 

Seasonal suitability 

Date of Riparian Zone 

restoration works 

commencement. 

Continued reduction in extent 

of target weed species and 

depletion of the weed seed 

bank within the soil profile 

Enhanced establishment of 

naturally regenerating plants 

Restoration 

Ecologist 
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Appendix 1 – Site Assessment Overview 

6.6 Riparian Area 1 Overview 

Riparian Area 1: Full Survey Plot Assessments  

Habitat Health 

Habitat Score 4 

Seed Resource Score 2 

Disturbance Score -4 

Exotic Flora Score -9 

Noxious Weed Score -3 

 -9 

 

Key Habitat Features   

 Plot No.  Per ha 

Tree Hollows (>5 cm)  0 0 

Logs on ground (>15cm)  0 0 

Rocks (>15 cm) 0 0 

   

Native Characteristics   

Tree Cover 20  

Shrub Cover 8  

Grass Cover 0  

Herb Cover 0  

Litter Cover 0  

Cryptogamic Crust Cover 0  

   

Tree Strata 2  

Shrub Strata 1  

   

Tree  Stems 7 163 

Shrub  Stems 7 163 

   

Weed Characteristics   

African Olive - Cover & Stems 83 16,288 

Exotic Shrubs - Cover & Stems 1 375 

Exotic Grass 83  

Exotic Herb 0   

Total Cover 166  
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Riparian Area 1 Rapid Plot Assessments  

 

Key Native Features Plot No.  Per ha 

Tree Cover 17.5  

Shrub Cover 0  

Grass Cover 1.0  

Herb Cover 4.0  

Tree  Stems 3.5 175 

Shrub  Stems 2.5 125 
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Key Weed Features % Cover Stem ha 

Tree Cover 67.5 4550 

Shrub Cover 0 0 

Grass Cover 0  

Herb Cover 1.5  

Total 69.0  
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6.7 Riparian Area 2/3 Overview  

Survey sections A + B  (Section  A -  to western end of riparian zone, Section  B -  to 

eastern end of riparian zone) 

 

Riparian Area A: Full Survey Plot Assessments  

Habitat Health 

Habitat Score 6 

Seed Resource Score 2 

Disturbance Score -2 

Exotic Flora Score -6 

Noxious Weed Score -2 

 -1 

 

Key Habitat Features   

 Plot No.  Per ha 

Tree Hollows (>5 cm)  0 0 

Logs on ground (>15cm)  1 5 

Rocks (>15 cm) 0 0 

   

Native Characteristics   

Tree Cover 15  

Shrub Cover 1  

Grass Cover 3  

Herb Cover 5  

Litter Cover 20  

Cryptogamic Crust Cover 12  

   

Tree Strata 4  

Shrub Strata 2  

   

Tree  Stems 5 125 

Shrub  Stems 2 44 

   

Weed Characteristics   

African Olive - Cover & Stems 43 17,194 

Exotic Shrubs - Cover & Stems 3 375 

Exotic Grass 0  

Exotic Herb 7   
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Total Cover 52  
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Riparian Area 2 A  - Rapid Plot Assessments  

Key Native Features Plot No.  Per ha 

Tree Cover 14.25  

Shrub Cover 3.75  

Grass Cover 0.625  

Herb Cover 3.25  

Tree  Stems 4.75 237.5 

Shrub  Stems 0.25 12.5 

   

   

Key Weed Features % Cover Stem ha 

Tree Cover 25.0 34,738 

Shrub Cover 1.9 0 

Grass Cover 1.3  

Herb Cover 5.9  

Total 48.0  

 

Riparian Area 2 B: Full Survey Plot Assessments  

 

Habitat Features 

Habitat Score 8 

Seed Resource Score 3 

Disturbance Score 0 

Exotic Flora Score -7 

Nox Weed Score -2 

 2 

 

Key Features Plot No.  Per ha 

Tree Hollows (>5 cm)  1 3 

Logs on ground (>15cm)  1 6 

Rocks (>15 cm) 0 0 

   

Native Characteristics   

Tree Cover 21  

Shrub Cover 16  

Grass Cover 10  

Herb Cover 4  

Litter Cover 26  

Cryptogamic Crust Cover 5  

   

Tree Strata 4  

Shrub Strata 2  
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Key Features Plot No.  Per ha 

   

Tree  Stems 14 350 

Shrub  Stems 23 569 

   

Weed Characteristics   
African Olive Cover & 

Stems 19 4,963 
Exotic Shrubs Cover & 

Stems  6 2,600 

Exotic Grass Cover 10  

Exotic Herb Cover 16  

Total 50   
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Riparian Area B- Rapid Plot Assessments  

 

Key Native Features Plot No.  Per ha 

Tree Cover 10  

Shrub Cover 0  

Grass Cover 6.5  

Herb Cover 3  

Tree  Stems 2 100 

Shrub  Stems 0 0 

   

   

Weed Characteristics % Cover Stem ha 

Tree Cover 4.4 2,025 

Shrub Cover 11.3 5,875 

Grass Cover 25.0  

Herb Cover 4.3  

Total 48.0  
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6.8 Riparian Area 4 Overview  

 

Riparian Area 4 : Full Survey Plot Assessments  

 

Habitat Health 

  Best Worst 

Habitat Score 10 25 4 

Seed Resource Score 2 4 1 

Disturbance Score -2 0 -18 

Exotic Flora Score -7 0 -8 

Noxious Weed Score -2   

TOTAL  2 29 -21 

 

Key Habitat Features   

 Plot No.  Per ha 

Tree Hollows (>5 cm)  1 6 

Logs on ground (>15cm)  2 9 

Rocks (>15 cm) 4 25 

   

Native Characteristics   

Tree Cover 23  

Shrub Cover 3  

Grass Cover 0  

Herb Cover 0  

Litter Cover 88  

Cryptogamic Crust Cover 8  

   

Tree Strata 4  

Shrub Strata 1  

   

Tree  Stems 8 188 

Shrub  Stems 4 88 

   

Weed Characteristics   

African Olive - Cover & Stems 73 2 375 

Exotic Shrubs - Cover & Stems 1 50 

Exotic Grass 1  

Exotic Herb 3   

Total Cover 76  
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Riparian Area 4  - Rapid Plot Assessments  

Key Native Features Plot No.  Per ha 

Tree Cover 15  

Shrub Cover 2.5  

Grass Cover 0.5  

Herb Cover 6.0  

Tree  Stems 2.5 125 

Shrub  Stems 0.5 25 
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Key Weed Features % Cover Stem ha 

Tree Cover 45 27,950 

Shrub Cover 0 0 

Grass Cover 0  

Herb Cover 1  

Total 48.0  

 

  



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

121 

 

6.9 Riparian Area 5 Overview  

Riparian Area 5: Full Survey Plot Assessments  

 

Habitat Features 

  Best Worst 

Habitat Score 7 25 4 

Seed Resource Score 2 4 1 

Disturbance Score -5 0 -18 

Exotic Flora Score -8 0 -8 

Nox Weed Score -3   

 -7 29 -21 

Key Features Plot No.  Per ha 

Tree Hollows (>5 cm)  1 6 

Logs on ground (>15cm)  3 19 

Rocks (>15 cm) 1 19 

   

Native Characteristics   

Tree Cover 23  

Shrub Cover 0  

Grass Cover 0  

Herb Cover 4  

Litter Cover 63  

Cryptogamic Crust Cover 6  

   

Tree Strata 1  

Shrub Strata 2  

   

Tree  Stems 2 38 

Shrub  Stems 1 13 

   

Weed Characteristics % cover Stems/ha 
African Olive Cover & 

Stems 38 15625 
Exotic Shrubs Cover & 

Stems  26 350 

Exotic Grass Cover 7  

Exotic Herb Cover 19  

Total 89   
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Riparian Area 5 -Rapid Plot Assessments  

 

Key Native Features Plot No.  Per ha 

Tree Cover 7.5  

Shrub Cover 0  

Grass Cover 5  

Herb Cover 1.5  

Tree  Stems 2 100 
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Shrub  Stems 0 0 

   

   

Weed Characteristics % Cover Stem ha 

Tree Cover 52.5 6 250 

Shrub Cover 0 75 

Grass Cover 36  

Herb Cover 1  

Total 48.0  
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6.10 Riparian area 6 Overview 

 

Riparian Area 6: Full Survey Plot Assessments  

 

Habitat Features 

  Best Worst 

Habitat Score 11 25 4 

Seed Resource Score 2 4 1 

Disturbance Score 0 0 -18 

Exotic Flora Score -6 0 -8 

Nox Weed Score -3   

 5 29 -21 

Key Features Plot No.  Per ha 

Tree Hollows (>5 cm)  2 19 

Logs on ground (>15cm)  4 66 

Rocks (>15 cm) 10 0 

   

Native Characteristics   

Tree Cover 25  

Shrub Cover 8  

Grass Cover 0  

Herb Cover 0  

Litter Cover 0  

Cryptogamic Crust Cover 0  

   

Tree Strata 3  

Shrub Strata 2  

   

Tree  Stems 6 150 

Shrub  Stems 7 163 

   

Weed Characteristics % cover Stems/ha 
African Olive Cover & 

Stems 10 1150 
Exotic Shrubs Cover & 

Stems  8 450 

Exotic Grass Cover 18  

Exotic Herb Cover 0  

Total 35   
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Riparian Area 6- Rapid Plot Assessments  

 

Key Native Features Plot No.  Per ha 

Tree Cover 28  

Shrub Cover 11.5  

Grass Cover 7.0  

Herb Cover 6.5  

Tree  Stems 1.5 75 

Shrub  Stems 6.5 325 

   

   

Key Weed Features % Cover Stem ha 
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Tree Cover 2.5 1962.5 

Shrub Cover 0 0 

Grass Cover 2.5  

Herb Cover 3.5  

Total 8.5  
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Appendix 2 – Site Survey Flora List 

Species list from assessment quadrates and rapid assessments– Flora – Riparian 
areas . Cronquist (1981) classification/APG III (2009) 

 

SCIENTIFIC NAME COMMON NAME Noxious 

Cronquist :MAGNOLIOPSIDA 
(=Dicotyledons) 
APG III:MAGNOLIIDAE 

  

   

Acanthaceae   

Brunoniella australis Blue trumpet  

   

Adiantaceae   

Cheilanthes sieberi subsp. sieberi Rock fern  

   

Amaranthaceae   

Alternanthera denticulata Lesser joyweed  

   

Apocynaceae 
*Araujia sericifera 

 
Moth Vine 

 

Gomphocarpus fruticosus Narrow leaved cotton bush  

   

Asteraceae   

* Ageratina adenophora Crofton weed  

* Cirsium vulgare Spear Thistle  

* Conyza sp. Fleabane  

* Hypochaeris radicata Catsear  

* Senecio madagascariensis Fireweed  

* Sonchus oleraceus Common Sow Thistle  

   

Bignoniaceae   

Pandorea pandorana Wonga wonga vine  

   

Chenopodiaceae   

Einadia hastata Saloop  

Einadia polygonoides   

   

Cataceae   

Opuntia sp.   

   

Clusiaceae   
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SCIENTIFIC NAME COMMON NAME Noxious 

*Hypericum perforatum St John’s Wort 4 

   

Convolvulaceae   

Dichondra repens Kidney Weed  

   

Fabaceae:   

Glycine clandestina Love Creeper  

* Vicia sp. Vetch  

Acacia decurrens Green Wattle  

Acacia implexa Hickory  

Acacia parramattensis Parramatta Green Wattle  

   

Geraniaceae   

Geranium homeanum Cranesbill  

   

Laminaceae   

Plectranthus parviflorus   

   

Malvaceae   

* Modiola caroliniana Red-flowered Mallow  

* Sida rhombifolia Paddy’s Lucerne  

   

Myrtaceae   

Eucalyptus amplifolia ssp. 
amplifolia 

Cabbage Gum  

Eucalyptus moluccana Grey Box  

Eucalyptus tereticornis Forest Red Gum  

Melaleuca styphelioides Prickly-leaved Paperbark  

   

Oleaceae   

* Olea europaea ssp. Africana African Olive 4 

   

Oxalicaceae   

Oxalis perennans Grassland Wood-sorrel  

   

Phytolaccaceae   

*Phytolacca octandra Inkweed  

   

Pittosporaceae   

Bursaria spinosa Blackthorn  
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SCIENTIFIC NAME COMMON NAME Noxious 

Plantaginaceae   

* Plantago lanceolata Plantain  

   

Primulaceae   

* Anagallis arvensis Pimpernel  

   

Ranunculaceae Ranunculaceae  

Clematis glycinoides Forest Clematis  

   

Rosaceae   

Rubus fruticosus Blackberry 4 

   

Solanaceae   

* Lycium ferocissimum African Box-thorn 4 

* Solanum nigrum Black Nightshade  

*Solanum pseudocapsicum Madeira winter cherry  

Solanum prinophyllum Forest Nightshade  

   

Typhaceae   

Tpha sp. Cumbungi  

   

Verbenaceae   

* Verbena bonariensis Purple Top  

   

Vitaceae   

Cayratia clematidea Native grape  

 
Cronquist:LILIOPSIDA 
 (= Monocotyledons) 
APG III: MAGNOLIIDAE clade 
Monocotyledons 

  

   

Asparagaceae   

Asparagus asparagoides Bridal Creeper 4 

   

*Cyperus eragrostis Umbrella sedge  

Cyperus gracilis 
 

Slender flat-sedge  

Juncaceae   

Juncus sp. Rush  

   

Lomandraceae   
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SCIENTIFIC NAME COMMON NAME Noxious 

Lomandra sp.   

   

Poaceae   

Aristida spp. Wiregrass  

*Briza subaristata Quaking grass  

* Chloris gayana Rhodes Grass  

Chloris ventricosa Windmill Grass  

Cymbopogon refractus Barbed Wire Grass  

Cynodon dactylon Couch  

* Eragrostis curvula African Lovegrass  

Microlaena stipoides var. stipoides Weeping Meadow Grass  

Oplismenus aemulus Basket grass  

* Paspalum dilatatum Paspalum  

* Pennisetum clandestinum Kikuyu Grass  

*Rytidosperma sp. Wallaby grass  

* Setaria gracilis Pigeon Grass  

Sporobolus elongatus Slender Rat’s Tail Grass  

Themeda australis Kangaroo Grass  
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Appendix 3 – Site Images 

Figure 9  Assessment quadrates show high levels of African olive infestation and 

litter ground diversity due to heavy leaf litter and shading. Sample images from monitoring 

activities are included below and have been selected as they are indicative of the state of the 

general state of riparian zones. 

 

  

R4 Complete 1 R4 Complete 2 

 
 

R4 Rapid 1 R4 Rapid 2 
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Figure 10 R5 Assessment quadrates show the site variation between 

watercourses, remnant edges and the upper banks. The edges being colonized by both native 

and exotic pastures and forbs. In contract the remnant proper is dominated by Africa Olive 

stands.  

  

R5 Complete 1 (remnant edge) R5 Complete 2  

  

R5 Rapid 1 R5 Rapid 2 
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Figure 11 All zones show evidence of high rabbit activity. This impedes recruitment 

and will affect restoration/planting success 

 

Figure 12 Dense African Olive stands have resulted in creeklines with little mid or 

understory in R4 (top). These strata are important for retaining bank structure and provide 

habitat for aquatic and semi-aquatic species. Within R5 the remnant edges and creeklines 

afford opportunities for light and are largely dominated by weeds such as Rhodes grass (bottom 

left)) , African Box thorn, Opuntia sp and Crofton weed (bottom right) 
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Figure 13 Emergent remnant Eucalypts, E teretecornis and E moluccana, 

comprise the majority of all native species recorded on these sites. These remnant emergents 

occur within dense stands of African Olive 

 

Figure 14 An example of the dense African Olive stands which characterise the 

remnant main of riparian zones. 
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Figure 15 An example of fallen timber providing habitat services in R4. 

 

Figure 16 Avian activity in these sites is largely restricted to aggressive native birds 

such as Bell and Noisy miners (left) and large parrots, including Lorikeets and King parrots 

(right). This is in part due to absence of mid and ground layer strata. 
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Appendix 4 – Assisted Regeneration Palettes  

The following table identifies the key species that should form part of the assisted regeneration 

species lists, depending on availability of genetic material. 

Final species lists will only be known after seed and vegetative material has been collected, 

cleaned/managed and entered into the projects seed bank database. 
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Cumberland Plain Woodland – Shale Hills Woodland palette 

Species 
Minimum 

percentage 
of layer 

Density 
of layer 
(plants 
per m2) 

Notes 

Overall 
spacing: 

0.025plants/ 
m2 OR  

1 plant / 40m2 

Framework species layer   
Canopy 

sp 
Plants / 

ha:  
250 

Eucalyptus moluccana 45 

0.0025    

Eucalyptus tereticornis 25 

Eucalyptus crebra 10 

Eucalyptus eugenioides 5 

Eucalyptus amplifolia 5 

Angophora floribunda 5 

Corymbia maculata 5 

Shrub layer   Shrub sp 
Plants / 

ha:  
1050 

Bursaria spinosa 55 

0.1    

Acacia implexa 20 

Acacia falcata 10 

Breynia oblongifolia 5 

Indigophera australis 5 

Dodonaea viscosa subsp. cuneata 5 

    

Groundlayer  G/L sp 
Plant in clumps or install 
as direct seeding where 

seed is available 

Imperata cylindrica 15 

5   Themeda australis 55 

Microlaena stipoides 10 

Capillipedium spicigerum 10 

Cymbopogon refractus 10 
 
Note: Where spp. listed are not available for seed collection, additional species may be incorporated from appropriate 
vegetation community lists 
Eg (Tozer 2004). 
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 Cumberland Plain Woodland – Shale Plains Woodland palette 

Species 
Minimum 

percentage 
of layer 

Density 
of layer 
(plants 
per m2) 

Notes 

Overall 
spacing: 
0.025pla
nts/ m2 

OR  
1 plant / 

40m2 

Framework species layer   
Canopy 

sp 
Plants / ha:  250 

Eucalyptus moluccana 45 

0.0025     

Eucalyptus tereticornis 25 

Eucalyptus crebra 10 

Eucalyptus eugenioides 5 

Eucalyptus amplifolia 5 

Angophora floribunda 5 

Corymbia maculata 5 

Shrub layer   Shrub sp Plants / ha:  1050 

Bursaria spinosa 55 

0.1     

Acacia implexa 20 

Acacia falcata 10 

Breynia oblongifolia 5 

Indigophera australis 5 

Dodonaea viscosa subsp. cuneata 5 

    

Groundlayer 
  

G/L sp 
Plant in clumps or install 
as direct seeding where 

seed is available . 

Imperata cylindrica 15 

5   
Themeda australis 55 

Microlaena stipoides 10 

Capillipedium spicigerum 10 

Cymbopogon refractus 10 
 
Note: Where spp. listed are not available for seed collection, additional species may be incorporated from appropriate 
vegetation community lists 
Eg (Tozer 2004) 



  

 

UWS Campbelltown Subdivision Vegetation Management Plan June 2015  

141 

Riparian Woodland palette 

Species 
Minimum 

percentage 
of layer 

Density 
of layer 
(plants 
per m2) 

Notes 

Overall 
spacing: 
0.035pla
nts/ m2 

OR  
1 plant / 
28.5m2 

Framework species layer   
Canopy 

sp 
Plants / ha:  350 

Casuarina glauca 40 

0.0035     

Eucalyptus amplifolia 40 

Angophora subvelutina 10 

Eucalyptus tereticornis  5 

Eucalyptus moluccana 5 

  

  

Shrub layer   Shrub sp Plants / ha:  900 

Bursaria spinosa 35 

0.09     

Acacia floribunda 15 

Melaleuca linariifolia   15 

Melaleuca styphelioides 15 

Acacia parramattensis 10 

Melia azedarach 5 

 Ozothamnus diosmifolius 5 

Ground layer 

  

G/L sp 
Plant in clumps or install 
as direct seeding where 

seed is available . 

Imperata cylindrica 15 

5   Themeda australis 40 

Austrostipa ramosissima 25 

Microlaena stipoides 10 

Capillipedium spicigerum 10 
 
Note: Where spp. listed are not available for seed collection, additional species may be incorporated from appropriate 
vegetation community lists 
Eg (NSW NPWS 2002). 
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Appendix 5 – Standard Weed Management Techniques 

The following weed management approaches are applicable to the control of common weed 

species found within the Sydney Basin predominantly upon shale derived soils. This is neither an 

exhaustive list, nor the only means of controlling these weed species. 
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Appendix 6 – Site Assessment Methodology 

Riparian survey techniques comprised the following three assessment components:   

1 – Transect-based observational assessment of general site characteristics within the 

designated riparian zone  

2 – Plot-based (20 x 20 m n=2) ‘Habitat Health’ assessments  

3 – Plot-based (20 x 5 m n=2) rapid ‘Key Feature’ assessments   

Transect-based observational assessments noted all relevant site attributes considered to 

represent either negative or positive factors in maintaining the environmental health of that zone. 

Features noted in these assessments included the presence of canopy trees, native regrowth, 

exotic impacts (flora or fauna), native fauna (direct or indirect), erosion points, track and road 

attributes, fencing issues, seed resources, topographic or hydrological features.     

Habitat health plot-based assessments recorded a broad range of data. Monitoring comprised 

seven sub-categories to derive sub- and cumulative scores. The categories were: 

Plot Detail 

Plot number; Date, Time; GPS point; Elevation; Community type, Community condition 

value; Topographical description; Pertinent features, 

General Habitat Features 

Hollow number (>5 cm); Log number (>15 cm); Rock number (> 15 cm); % Organic litter; 

% cryptogamic crust; Presence/absence inter-tussock gaps.  

Disturbance and Threat Features (observational: impact rating - high, medium, low)   

Fire; Logging; Erosion; Exotic Fauna; Cropping; Anthropogenic; Other 

Native Features (observational: direct/indirect; nests, tracks, digging, grazing etc) 

Birds; Mammals; Reptiles; Amphibians; Invertebrates; Other (Fungi, Lichen, etc)  

Exotic Flora Features 

Key Stratum (Tree, Shrub, Herbaceous)  

Tree and Shrub - Species number, Stem number, Height, % Cover, Comments 

Herbaceous Layer - % Cover Grass, % Cover Broadleaf, Comments  

Key Species (Tree, Shrub, Herbaceous) 

Tree and Shrub – Stem Class, Stem number, Height, % Cover, Comments 

Herbaceous Species - % Cover Grass, % Cover Broadleaf, Comments  

Presence/absence noxious weed 

Native Flora Features 

Key Stratum (Tree, Shrub, Herbaceous)  

Tree and Shrub - Species number, Stem number, Height, % Cover, Comments 

Herbaceous Layer - % Cover Grass, % Cover Broadleaf, Comments  

Key Species (Tree, Shrub, Herbaceous) 

Tree and Shrub – Stem Class, Stem number, Height, % Cover, Comments 
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Herbaceous Species - % Cover Grass, % Cover Broadleaf, Comments  

Seed Resource Features (observational condition assessment for seed supply and/or habitat 

resource values - good, medium, poor, absent) 

Canopy layer, Shrub layer, Herbaceous layer grass, Herbaceous layer forb. 

Data from each sub-category was used to generate an overall numerical ‘Habitat Health Score’ 

for each plot. Habitat Health Scores were derived by weighting values within each category. 

Weighting factors included values derived for native vegetation complexity (stratum and cover), 

habitat features (hollows, logs, rocks), disturbance/threat attributes, exotic vegetation attributes 

(complexity, cover, noxious weeds), seed resource attributes.  High numerical scores denoted 

the presence of a broad range of features that that identified a healthy biodiverse native habitat 

exhibiting high levels of function, resilience and persistence. Conversely low numerical scores 

denoted the absence of features that identified a healthy biodiverse native habitat exhibiting high 

levels of function, resilience and persistence. To more accurately reflect the probability that plot-

scale observations would match to ha-scale conditions, ‘field factor’ modifiers were imposed when 

deriving per ha values for the hollows (X 0.5) and logs/rocks (X 0.75). Modifiers were not used 

when projecting per ha stem numbers from plot data.   

Habitat Health Scores and other detailed plot data were used to determine management unit  

boundaries and the type and intensity of management actions required in the within each. They 

were also used to inform the development of plant revegetation pallets, revegetation techniques 

and parameters, habitat installation and remediation actions, nest box parameters, weed control 

actions and parameters.  

Rapid ‘Key Feature’ Plots were used as a time-efficient means to assess any prevailing negative 

or positive habitat feature within larger areas of assessment zones. Rapid Plots were also ultilised 

to increase the sampling cohort to quantify weed characteristics (shrub – stems number, 

groundlayer - % Cover), basic native flora features (key species – identity, stem number, % cover) 

and to make observation of erosion or topographical factors. Numerical data from Rapid Plots 

(stem count, % cover) were used to strengthen Habitat Health Plots data-sets.  
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Appendix 7 – Draft Concept Masterplan Riparian Zones 
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