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Figure 1: Appin Area 7 (Longwalls 712 to 716) Study Area  
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3. BASELINE ASSESSMENT 

A baseline Aquatic Biodiversity Assessment (Bioanalysis, 2009) and Terrestrial Flora and Fauna 

Assessment (Flora Search, 2009; Biosphere 2009) were undertaken in support of the BSO 

Environmental Assessment (EA). The Study Area for these assessments include d the Longwalls 712 

to 716 Study Area.  

Supplementary field surveys for Aquatic Biodiversity ( Stantec , 2025 -  Appendix  A) and Terrestrial 

Biodiversity (Niche, 202 5 -  Appendix  B) were undertaken for the purposes of this Extraction Plan.  

3.1 Terrestrial Biodiversity  

Niche (2025) identify seven Threatened Ecological Communities (TEC)  within the Study Area . A 

total of 33 threatened plant species listed on the EPBC Act and/or BC Act have been previously 

recorded or have potential habitat within a 10 km radius of the Study Area. Of the 33 threatened 

species obtained in the database searches, nine species  were known to occur or considered to 

have a Moderate to High likelihood of occurrence in the Study Area. No other threatened flora has 

been recorded within the Study Area.  

A total of 58 threatened fauna species listed on the EPBC Act and or BC Act have been previously 

recorded or have potential habitat within a 10 km radius of the Study Area. Of the 58 threatened  

species obtained in the database searches, 28 of these species were determined to have a 

moderate or high  likelihood of occurrence within the Study Area . However , the biodiversity survey 

undertaken (Niche, 2025) did not identify any threatened fauna within the Study Area . 

3.1.1 Vegetation Communities  

The natural environment of the Longwalls 712 to 716 Study Area contains flora and fauna habitats, 
which include remnant stands of open woodland, riparian scrub in drainage lines, closed 
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grassland and fringing aquatic vegetation near constructed dams in grazed paddocks ( Figure 
2Figure 2 -  Vegetation Communities  

). 

Seven Plant Community Types (PCTs)  have been mapped as occurring within the Study Area by 

DPIE (2013) and Niche  (202 5). Several TECs were also identified in the Longwalls 712 to 716 Study 

Area. Table 4 describes the communities present and their conservation status. Further 

descriptions of the  vegetation communities are detailed in Niche  (20 25). 
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Figure 2 -  Vegetation Communities  
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Figure 3: Threatened Flora and Fauna Occurrences  
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in April 2025 approximately 1.3 km downstream of the Study Area, this watercourse was found to 

provide moderate aquatic habitat . Aerial imagery indicates Apps Gully and upstream tributaries 

flow mostly through steep valleys with riparian vegetation surrounded by agricultural / pastural 

land use.  

Other Tributaries  

In addition to Navigation Creek Tributary 2  (NavC16) , Stantec (2025) have identified approximately 

30 km of several first and second tributaries in the Study Area flow into the Nepean River, with 

approximately 25 km located within 400 m  of the Study Area . Some upstream sections in steeper 

valleys flow through apparently undisturbed riparian vegetation, though these are located at the 

extreme upstream extent of their catchments and likely do not provide permanent aquatic 

habitat. Where these flow through a  cleared agricultural land use the watercourses would be 

highly degraded, ephemeral and provide very limited aquatic habitat.  

These first and second order watercourses are considered as Class 4 (unlikely) aquatic habitat . 
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Figure 4: Aquatic Ecology Monitoring  
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Species and Listing  Like lihood of Occurrence  

Adams Emerald Dragonfly 

(endangered under FM Act)  

Not expected to occur in drainage lines within the Study Area. 

No records within, or adjacent to the Study Area despite 

extensive sampling, though suitable microhabitat appears to 

exist adjacent to the Study Area in the Nepean River.  

Sydney Hawk Dragonfly  

(endangered under FM Act)  

Not expected to occur in drainage lines in the Study . The only 

records of this species are from 1979 and 1980 in the Nepean 

River upstream of the Study Area near Sites X7 and X8 and 

further upstream near Nepean Dam . 

Australian Grayling 

(protected  under FM Act and 

vulnerable under EPBC Act)  

Does not occur in the Study Area. Present in coastal rivers of 

southern NSW outside of the Study Area.  
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Natural Surface 
Feature  

Predicted Impacts Due to Subsidence  

grades are small, and upstream of the chain pillars and the edges of the mining 

area.  

The potential impacts of increased ponding and scouring of the drainage lines, 

therefore, are expected to be minor and localised. Impacts resulting from changes 

in surface water flows due to mining - induced tilt are expected to be small in 

comparison with t hose which occur during natural flooding conditions.  

Fracturing of the uppermost bedrock could occur along watercourses that are 

located directly above or adjacent to the proposed longwalls. Surface water flow 

diversions could occur in these watercourses. Fracturing can also occur outside 

the mining area, wi th minor and isolated fracturing occurring at distances up to 

approximately 400 m outside the longwalls. In times of heavy rainfall, the majority 

of  the runoff would flow over the fractured bedrock and soil beds and would not 

be diverted into the dilated strata below. In times of low flow, however, surface 

water flows can be diverted into the dilated strata below the beds. It is unlikely, 

however, tha t there would be a net loss of water from the catchment.  

Cliffs , Rocky 

Outcrops  and Steep 

Slopes  

Impacts on cliff lines, rock outcrops and other rocky habitats within the Study Area 

are likely to be minor, as observed in previous mining areas. No large - scale cliff 

collapses or slope failures are predicted, though tension cracks may appear in 

steep slo pes, which could result in erosion without rehabilitation. It is expected that 

the rock outcrops located directly above the proposed longwalls would 

experience fracturing and, where the rock is marginally stable, this could then 

result in instabilities . 

4.3  Environmental Consequences  

Table 7 compares the potential consequences as determined in the BSO EA to the residual impact  

determined by Niche (202 5) for the Longwalls 712 to 716 Study Area. Potential impacts as assessed 

by Niche (202 5) are consistent  and are generally less than  those outlined within the BSO EA . 

When compared to the broader BSO EA area there are fewer sensitive vegetation  communities in 

the locality and substantial areas of cleared vegetation. The proposed  extraction does not require 

significant vegetation clearing.   
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Potential 

Impact 

Assessed  

Level of Impact according to 

FloraSearch (2009), 

Biosphere (2009) and BSO 

EA 

Level of Impacts Based on Current Survey  

vehicles across the Project area 

and through rehabilitation or 

restoration activities . 

4.4  Aquatic Biodiversity  

4.4.1 Subsidence Effects  

MSEC (2009) undertook an initial assessment of predicted subsidence in the Appin Area 7  Study 

Area to support the BSO EA. These predictions were updated  by MSEC (20 25)  to account fo r a 

revised mine plan  for Long walls  712 to 716. The maximum predicted  subsidence, upsidence and 

closure are outlined in  Table 8. 

Table 8 Maximum Predicted Subsidence Effects for Creeks and Tributaries located within the 
Study Area (MSEC 202 5)  

Name  Maximum 
predicted total 

subsidence 
(mm)  

Maximum 
predicted total 

tilt (mm/m)  

Maximum 
predicted total 

hogging curvature 
( km - 1)  

Maximum 
predicted total 

sagging curvature  
( km - 1)  

Navigation Creek  1450 5.0 0.07 0.14 

Navigation Creek 
(Tributary  NavC14.5)  

90  <0.5 <0.01 <0.01 

Navigation Creek 
(Tributary  NavC16)  

1400 6.5 0.06  0.12 

Navigation Creek 
(Tributary  NavC17) 

1300 5.0 0.06  0.11 

Navigation Creek 
(Tributary  NavC20)  

1350 4.5 0.06  0.12 

Apps Gully  1100 3.0 0.04  0.07 

Foot Onslow Creek  100 1.0 <0.01 <0.01 
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4.4.2  Subsidence Impacts  

Nepean River  

The centreline of the Nepean River is located 2.2 km south of the commencing (i.e. western) end 

of Longwall 712 and 2.5 km east of the finishing (i.e. eastern) end of Longwall 712, at its closest 

points to the proposed longwalls.  No fracturing is predicted to occur in the Nepean River, thus 

there would be no reductions in the availability and connectivity of aquatic habitat. Longwall 

extraction is not anticipated to have any significant impacts on surface water quality as a result 

of mining the proposed longwalls ( HGeo, 2025 ). Mining of previous longwalls within AA7 and 9 has 

not led to identification  of any detectable ferruginous springs in the walls of the Nepean River. It is 

therefore considered that there is a low likelihood of ferruginous springs induced by the mining of 

the Longwalls 715 to 716 (HGeo 2025 ). Significant  impacts on aquatic flora and fauna in the Nepean 

River, including any threatened species, are not expected. There would be no reduction in surface 

water availability or quality in the Nepean River due to mining. No impacts on aquatic ecology 

have been not ed following previous gas releases in the Nepean River associated with mining in 

Appin Areas 7 & 9, and it is considered unlikely that significant impacts would occur due to any 

further gas releases  (Stantec, 2025) .  

Drainage Lines  

Localised and minor changes in habitat availability and connectivity may occur along the first, 

second, third and fourth order tributaries within the Study Area due to tilt, but these effects will be 

difficult to detect due the high variability in natural flows within these ephemeral watercourses. 

The impacts resulting from the changes in surface water flows are expected to be small in 

comparison with those that occur during natural flooding conditions. Consequently, impacts on 

aquatic habitat and biota due  to tilt, if any, are expected to be minor and localised in tributaries 

located directly above and within 400 m of the proposed longwalls  (Stantec 2025). 

Fracturing and flow diversions may occur in drainage lines directly above and up to 400 m away 

from the proposed longwalls.  This may result in the draining of pools in these watercourses, 

particularly during low flows, resulting in a reduction in the availability of aquatic habitat and the 

connectivity of remaining habitat. This would be expected to result in associated reduct ions in the 

population sizes of aquatic biota  (Stantec, 2025 ) . 

4.4.3  Environmental Consequences  

Table 9 compares the potential consequences on aquatic ecology as determined in the BSO EA 

to  the poten tial consequences determined  by Stantec  (20 25) for the Longwall s 712 to 716 Study  

Area.  

The assessment of the consequences for aquatic ecology of subsidence that occurs during  

extraction of Longwalls  712 to 716 is concluded to  be similar to that based on the BSO EA layout. 
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Component of 
Aquatic Ecology  

Impacts Predicted in the BSO EA  
(Bioanalysis 2009)  

Potential Impacts Predicted  for Longwalls 712 to 716   
( Stantec, 2025 )  

Aquatic 
macroinvertebrates  

Potential impacts would be similar in scale to those 
observed during mining of Appin Area 7 (i.e., none 
detected) . 

Minor changes in riparian and aquatic vegetation potentially 
associated with localised gas releases could lead to the loss of 
edge habitat and reduction in the abundance of aquatic 
macroinvertebrates living therein. Losses would be negligible 
relative to t he amount of habitat available within the downstream 
reach of the river.  
Impacts on water quality and surface water availability, and thus 
associated impacts on aquatic habitat and biota, are not expected.  

Fish Potential impacts would be similar in scale to those 
observed during mining of AA7 (i.e. none detected). 
Reductions in dissolved oxygen associated with gas 
emissions are likely to be short - lived and localised and 
unlikely to have a significant effect, because fish 
populations are highly mobile.  

Same as for BSO EA.  

Threatened Species  It is unlikely that a viable population of Macquarie perch 
is present in the section of the Nepean River adjacent to 
the Study Area. This is because of a lack of suitable 
habitat (including natural riffle habitat required for 
spawning and numerous barriers  to fish passage from 
downstream.  
Mine subsidence induced impacts resulting from the 
proposal are not predicted to lead to loss of riffle habitat 
or large permanent pools within watercourses that 
provide suitable habitat for Macquarie perch. Changes in 
water quality are predicted to be loc alised  or  transient. It 
was therefore considered unlikely that the Project would 
have a significant adverse effect on Macquarie perch. 
Likewise, impacts to Sydney hawk dragonfly (which was 

Same as for BSO EA.  
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Component of 
Aquatic Ecology  

Impacts Predicted in the BSO EA  
(Bioanalysis 2009)  

Potential Impacts Predicted  for Longwalls 712 to 716   
( Stantec, 2025 )  

not located in the BSO Part 3A Application layout), were 
also unlikely.  

Drainage Lines  
Aquatic habitat  Potential impacts in Foot Onslow Creek, Navigation Creek, 

and Apps Gully  are expected to be limited to localised 
areas of iron staining, possibly fracturing and enhanced 
leakage from farm dams and pools (where present), and 
possible low flow diversion in areas of rock outcrop or 
where bedrock is covered by a thin mantle of all uvium. 
Short term changes in water quality could also occur.  

Fracturing could occur and could result in flow diversions and 
localised reductions in the availability and connectivity of pool 
habitat. This is unlikely to have a detectable effect on the 
availability of aquatic habitats beyond the scale of individual po ols 
and watercourses. Impacts on water quality are not expected.  

Riparian vegetation  It is considered unlikely that changes in the level of water 
in streams or the emission of strata gas caused by mine 
subsidence within this domain would disturb riparian 
vegetation to the extent that its ecological role would be 
significantly adversely imp acted.  

Given the current disturbed nature of riparian vegetation along 
drainage lines, it is unlikely that any reduction in flow and water 
availability here would have any significant impact on this 
vegetation.  

Aquatic 
macrophytes  

In Harris Creek, reduced water levels in the downstream 
reach could lead to exposure and desiccation of 
macrophytes. These impacts would be short - term and 
localised and would not persist once water levels are 
restored.  

The extent of native aquatic plants in these tributaries lines appears 
limited. Some aquatic plants may be lost if fracturing and pool 
drainage occurs, though this would result in only small decreases in 
population sizes in the wider catchment.  

Aquatic 
macroinvertebrates  

Significant adverse impacts are unlikely given that 
changes in water quality are expected to be short - lived 
and localised, and macroinvertebrates should recover 
quickly once water levels return.  
Given that changes in water quality were predicted to be 
localised and transient, macroinvertebrates should 
recover quickly once water levels return following rain 
events. it is considered unlikely that populations in 

Fracturing and flow diversions could occur and could be associated 
with reductions in the availability and connectivity of aquatic 
habitat. An impact on the local population size of these and other 
native aquatic species could be expected. This could be si gnificant 
at the scale of individual pools and possibly individual 
watercourses. However, given the largely disconnected pool habitat 
provided by these watercourses, the predicted localised reductions 
in habitat availability and connectivity, and the abund ance of such 
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Component of 
Aquatic Ecology  

Impacts Predicted in the BSO EA  
(Bioanalysis 2009)  

Potential Impacts Predicted  for Longwalls 712 to 716   
( Stantec, 2025 )  

drainage lines would be significantly affected. Moreover, 
any potential impacts affecting these areas would be 
hard to discern, should they occur, because of the 
degraded nature of the existing aquatic habitat in this 
area.  

habitat in the wider Nepean River Catchment, impacts on 
population size are expected to be negligible at wider scales.  

Fish  If fracturing of bedrock leads to loss of habitat, a few 
species (e.g. eels) may be able to relocate to nearby 
pools, but others would perish due to desiccation and/or 
predation. As losses would be restricted to small, 
localised areas of habitat, this is u nlikely to have a 
significant effect on fish assemblages within the Study 
Area.  

Same as for BSO EA.  

Threatened Species  No threatened species identified in drainage lines.  Same as for BSO EA.  
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Additional aquatic ecology studies wou ld be triggered by events such as significant changes  in 

water quality and availability of aquatic habitats. Trigger values for aquatic ecology  monitoring 

parameters are outlined in  Table 12. 

6.1.2 Terrestrial Biodiversity  

The monitoring program for mining related subsidence effects on terrestrial biodiversity reflects 

the predicted small magnitude of subsidence effects on biodiversity values for the Longwalls 712 

to 716 Study Area.  

Monitoring will focus on detecting changes to vegetation communities and fauna habitats 

present within the Longwalls 712 to 716 Study Area and will have coverage across the Study Area.  

Groundwater dependant and riparian vegetation may experience some floristic changes in 

response to changed groundwater conditions, as a result of subsidence. Subsidence effects are 

more likely to result in impacts to natural features through loss of  surface water flows and the 

impacts to groundwater dependant ecological features  (PAC, 2010). Groundwater dependant 

vegetation communities present within the Study Area,  as shown  in Figure 2 -  Vegetation 

Communities  
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Executive Summary 
Project outline 
Niche Environment and Heritage Pty Ltd (Niche) was commissioned by GM3 to prepare a Biodiversity Impact 
Assessment (BIA) to inform the Biodiversity Management Plan (BMP) component of the Appin Longwalls 712–716 
Extraction Plan (the Study Area), in accordance with Schedule 3, Condition 5 of the Bulli Seam Operations Project 
Approval (08_0150) and the NSW Department of Planning and Environment’s Extraction Plan Guideline (2022). 

The BIA involved flora and fauna surveys within the Study Area and focused on landscape features and 
associated biodiversity which may be sensitive to the impacts of subsidence from longwall extraction. The Study 
Area was defined by the limit of subsidence associated with proposed Longwalls 712-716.  

Literature review 
The findings from the Mining Subsidence Engineering Consultants (MSEC) (2025) report form the basis to which 
the impact assessments for threatened flora, fauna and ecological communities have been assessed in this 
report.  

A significant body of work relating to previous approvals and monitoring for underground mining within the 
Study Area and surrounds was reviewed as part of this report: 

– Illawarra Coal Bulli Seam Operations Project Terrestrial Flora Assessment (FloraSearch 2009) 

– Illawarra Coal Bulli Seam Operations Project – Appendix F – Terrestrial Fauna Assessment (Biosphere 
Environmental Consultants 2009) 

– Appin Area 9 Longwalls 901 to 904 Biodiversity Impact Assessment (Biosis 2012) 

– Appin Colliery Area 7 Longwalls 705-710 Impacts of Subsidence on Terrestrial Flora and Fauna (Biosis 
Research 2008) 

– Appin – Longwalls 709 to, 711 and 905 Biodiversity Impact Assessment (Niche 2021) 

– Appin Longwalls 712–716 Subsidence Predictions and Impact Assessments (MSEC 2025). 

Summary of methods 
The literature review was supplemented with field survey concentrating on landscape features and associated 
biodiversity which may be sensitive to impacts of subsidence from longwall extraction, such as watercourses and 
rocky areas. Survey was conducted in February, March and June 2025. 

Survey activities involved validation of vegetation mapping and habitat assessment. A likelihood of occurrence 
and impact analysis was conducted for threatened species after considering the literature review and survey 
results.  

Summary of MSEC (2025) conclusions 
Natural areas and features sensitive to subsidence within the Study Area include watercourses, cliffs, rock 
outcrops and steep slopes. Significant conclusions from the MSEC (2025) report, relevant to this BIA include the 
following:  

– It is unlikely that the Nepean River would experience adverse physical impacts due to the mining-induced 
movements from Longwall 712-716. 
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– It is unlikely that there would be large-scale adverse changes in the levels of ponding or scouring of the 
banks along the creeks and tributaries within the Study Area due to the mining-induced tilt. The potential 
impacts of increased ponding and scouring of the drainage lines are expected to be minor and localised. 
Impacts resulting from changes in surface water flows due to mining-induced tilt are expected to be small in 
comparison with those which occur during natural flooding conditions. 

– Fracturing could develop along the creeks and tributaries due to the mining of the proposed Longwall 712-
716. Fracturing will predominately occur where the creeks and tributaries are located directly above the 
mining area. Impacts can also occur outside the mining area, with minor and isolated fracturing occurring at 
distances up to approximately 400 metres (m) outside the longwalls. 

– The mining-induced compression due to valley closure effects can also result in dilation and the 
development of bed separation in the topmost bedrock, as it is less confined. Compression can also result in 
buckling of the topmost bedrock resulting in heaving in the overlying surface soils. 

– Surface water flow diversions could occur along the creeks and tributaries that are located directly above the 
mining area. In times of heavy rainfall, the majority of the runoff would flow over the fractured bedrock and 
soil beds and would not be diverted into the dilated strata below. In times of low flow, however, surface 
water flows can be diverted into the dilated strata below the beds. Most sections of the creeks and 
tributaries within the Study Area are ephemeral and, therefore, surface water flows only occur during, and for 
short periods after, rain events. 

– Previously mined beneath creeks in Appin Areas 7 and 9 have not reported fracturing which resulted in 
surface water flow diversions, except West Cliff Area 5 (Longwall 29 to Longwall 37), which observed 
fracturing in the bed of Mallaty Creek and loss of water holding capacity in one pool. 

– It is estimated that between 3 % and 5 % of the total length, or between 1 % and 3 % of the total face area of 
the cliffs that are located directly above the proposed longwalls would experience adverse impacts. Cliffs 
that are not above the proposed longwalls are not predicted to experience adverse impacts. However, it is 
possible that isolated rock falls could occur at these cliffs, representing less than 1 % of the total length or 
total face area. 

– Rock outcrops are expected to experience the full range of predicted subsidence movements. It is likely that 
fracturing would occur where rock outcrops are located directly above the proposed longwalls, and where 
the rock is marginally stable; this could then result in instabilities. 

– As the slopes along the Razorback Range are steep, exhibit natural soil erosion and are predicted to 
experience the full range of predicted subsidence movements, it is likely that the extraction of the proposed 
longwalls would result in large surface cracks near the tops and along the sides of these slopes. If tension 
cracks were to develop, as the result of the extraction of the proposed longwalls, it is possible that soil 
erosion could occur if these cracks were left untreated.  

– While in most cases, impacts on steep slopes are likely to consist of surface cracks, there remains a low 
probability of large-scale downslope movements. Experience indicates that the probability of mining 
induced large-scale slippages is extremely low due to the significant depth of cover within the Study Area. 

– The groundwater bores could experience adverse impacts due to the extraction of the proposed Longwalls 
712-716, particularly the bores located directly above the proposed mining area. Impacts could include 
lowering of the piezometric surface, blockage of the bores due to differential horizontal displacements at 
different horizons within the strata and changes to groundwater quality. 

Summary of results and impact assessment 
Groundwater dependant and riparian vegetation may experience some floristic changes in response to changed 
groundwater conditions, as a result of subsidence. Two Plant Community Types (PCT) that meet the definition of 
the Threatened Ecological Community (TEC) under the NSW Biodiversity Conservation Act 2016 (BC Act) and 
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Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), display structural 
and floristic variation within their composite community in response to more frequent contact with shallow 
groundwater: 

– PCT 4025: Cumberland Red Gum Riverflat Forest  

– River-flat Eucalypt Forest on the Coastal Floodplains of the New South Wales North Coast, Sydney Basin 
and South East Corner Bioregions (listed as Endangered under the BC Act) 

– River-flat Eucalypt Forest on coastal floodplains of southern New South Wales and eastern Victoria 
(listed as Critically Endangered under the EPBC Act) 

– PCT 3145: Cumberland Bangalay x Blue Gum Riverflat Forest 

– River-flat Eucalypt Forest on the Coastal Floodplains of the New South Wales North Coast, Sydney Basin 
and South East Corner Bioregions (listed as Endangered under the BC Act) 

– River-flat Eucalypt Forest on coastal floodplains of southern New South Wales and eastern Victoria 
(listed as Critically Endangered under the EPBC Act). 

Habitats such as pools are likely to experience some level of subsidence impacts (comprising both direct and 
indirect impacts). Subsidence impacts to features such as cliffs, overhangs and rocky outcrops have the potential 
to occur but are likely to have limited impacts on threatened biodiversity within the Study Area due to the small 
area of predicted impacts. 

One threatened flora species was known to occur in the Study Area, White-flowered Wax Plant (Cynanchum 
elegans). Impacts for this species are likely to be minimal, given its occurrence within a vegetation type that is less 
reliant on groundwater and surface water flows and hence less likely to be impacted by subsidence.  

One threatened fauna species, Southern Myotis (Myotis macropus) was considered potentially impacted by the 
proposal. Although due to the minor subsidence predictions in cliffs, impacts are unlikely to be significant to the 
habitat for the population or individuals within the Study Area.  

Impacts of the proposed mine expansion on threatened biodiversity were previously assessed within the Bulli 
Seam Operations Project Environment Impact Assessment (BHPBIC 2009). Predicted impacts as a result of the 
current proposal are likely to be minimal. Therefore, the predicted impacts for the current proposal are 
consistent with the impact predictions of the Bulli Seam Operations Project Environment Impact Assessment.  

Ongoing monitoring requirements for biodiversity are provided within the recommendations section of the 
report. Recommendations are focussed on frog and habitat monitoring along watercourses in conjunction with 
end of panel reports or established aquatic monitoring programs for measuring physical impacts of subsidence.  
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Glossary and list of abbreviations 
Term or 
abbreviation 

Definition 

AOBV Areas of Outstanding Biodiversity Value 

AoS Assessment of Significance  

asl Above sea level 

BC Act NSW Biodiversity Conservation Act 2016 

BHPBIC BHP Billiton Illawarra Coal 

BIA Biodiversity Impact Assessment 

BMP Biodiversity Management Plan 

BSO Bulli Seam Operations 

CPHR Conservation Programs, Regulation and Heritage  

Cth Commonwealth 

DCCEEW Department of Climate Change, Energy, the Environment and Water 

DPE Department of Planning and Environment (formerly Department of Planning, Industry and 
Environment) 

DPHI Department of Planning, Housing and Infrastructure 

DPI NSW Department of Planning and Industry 

EA Environmental Assessment 

EEC Endangered Ecological Communities 

EP&A Act Environmental Planning and Assessment Act 1979 

EPBC Act Commonwealth Environment Protection and Biodiversity Conservation Act 1999 

GDE Groundwater Dependent Ecosystems 

ha Hectares 

ICHPL Illawarra Coal Holdings Pty Ltd 

IMC Formerly BHP Billiton Illawarra Coal 

IMPP Integrated Mine Planning Process 

km Kilometre(s) 

KTP Key threatening processes 

LGA Local Government Area 

m Metre(s) 
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Term or 
abbreviation 

Definition 

MSEC Mining Subsidence Engineering Consultants 

Niche Niche Environment and Heritage Pty Ltd 

NSW New South Wales 

OEH NSW Office of Environment and Heritage 

PCT Plant Community Type 

PMST Protected Matters Search Tool 

RAHA Rapid Aquatic Habitat Assessment 

RDP Rapid Data Point 

SVTM NSW State Vegetation Type Map  

TARP Trigger Action Response Plan 

TEC Threatened Ecological Communities 

TSC Act NSW Threatened Species Conservation Act 1995, repealed and replaced by the BC Act 
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1. Introduction 
1.1 Background and need for the project 
Illawarra Coal Holdings Pty Ltd (ICHPL), a wholly owned subsidiary of GM3, owns and operates the Appin Colliery. 
The Appin Colliery is located in the Southern Coalfield of New South Wales (NSW), approximately 25 kilometres 
(km) west of Wollongong, in the Wollondilly Local Government Area (LGA) (Annex 1) (Figure 1). The Appin 
Colliery uses longwall mining techniques to extract premium quality, hard coking coal (used for steel production) 
and some energy coal from the Bulli Seam, conducted via underground methods. 

In 2009, BHP Billiton Illawarra Coal (BHPBIC) now known as ICHPL, sought approval under Part 3A (now repealed) 
of the NSW Environmental Planning and Assessment Act 1979 (EP&A Act) to expand its underground coal mining 
operations at Appin Colliery to extract coal in Areas 5, 7, 8, and 9. Collectively this area is known as the Bulli Seam 
Operations (BSO) Project. On 22nd December 2011 the Planning Assessment Commission (under delegation of 
the Minister for Planning) approved the BSO Project enabling to continue mining operations for a further 30 
years. In September 2014, ICHPL sought and gained approval for the Longwalls 901-904 Extraction Plan in Appin 
Area 9 (IMC 2014) and in April 2020 an extension for the Longwalls 707 to 710 Subsidence Management Plan 
was approved by the Department of Planning, Housing and Infrastructure (DPHI) (formerly Department of 
Planning and Environment [DPE]). 

An assessment of the impacts of subsidence on terrestrial ecological values, in accordance with the EP&A Act 
and Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) was completed 
for the BSO Project Part 3A Environmental Assessment (EA) (BHPBIC 2009) and subsequent longwall layouts 
(IMC 2014 and IMC 2015).  

Niche Environment and Heritage Pty Ltd (Niche) has been commissioned by GM3 to prepare a Biodiversity 
Impact Assessment (BIA) to inform the Biodiversity Management Plan (BMP) component of GM3’s Extraction Plan 
for Longwalls 712, 713, 714, 715, 716. The earlier assessments were based on different longwall layouts than 
those proposed for Longwalls 712-716. Accordingly, this BIA updates and refines predicted ecological impacts 
using revised subsidence modelling and current site conditions. 

In 2025, updated subsidence predictions specific to Longwalls 712-716 were provided in the MSEC Report 
(MSEC 2025), which forms a key input into this BIA.  

An assessment of the impacts of subsidence on terrestrial ecological values, in accordance with the EP&A Act 
and Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) was completed 
for the BSO Project Part 3A Environmental Assessment (EA) (BHPBIC 2009) and subsequent longwall layouts 
(IMC 2014 and IMC 2015). The earlier assessments were based on different longwall layouts than those 
proposed for Longwalls 712-716. Accordingly, this BIA updates and refines predicted ecological impacts using 
revised subsidence modelling and current site conditions.  

1.2 Statutory and other approvals 
The statutory obligations with regard to Appin Areas 7 and 9 are contained in: 

– The Conditions of Project Approval for the BSO Project (08_0150)  

– Relevant biodiversity legislation, including: 

– NSW Biodiversity Conservation Act 2016 (BC Act) 
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– EPBC Act. 

This BIA satisfies Condition 5(i), Schedule 3 of the BSO Approval (08_0150) which states: 

– Each extraction plan must:  

i. include a Biodiversity Management Plan, which has been prepared in consultation with [Office of 
Environment and Heritage] OEH and [Department of Primary Industry] DPI (Fisheries), which provides for 
the management of the potential impacts and/or environmental  consequences of the proposed second 
workings on aquatic and terrestrial flora and fauna, with a specific focus on threatened species, 
populations and their habitats; endangered ecological communities; and water dependent ecosystems, 
including (for Appin Areas 7, 8 and 9):  

– Additional targeted surveys for threatened species, sufficient to identify any actions required to protect 
significant populations from potential impacts.  

This BIA will be used to assist ICHPL with the development of a BMP for the proposed Longwalls. 

1.3 Timeline and project justification 
Mine layouts for Appin Area 7 have been developed using ICHPL’s Integrated Mine Planning Process (IMPP). This 
process considers mining and surface impacts when designing mine layouts. ICHPL has assessed mining layout 
options for the Appin Mining lease against the following criteria: 

– Extent, duration and nature of any community, social and environmental impacts; 

– Coal customer requirements 

– Roadway development and longwall continuity 

– Mine services such as ventilation 

– Recovery of the resources for the business and the State 

– Gas drainage, geological and geotechnical issues.  

Several layout alternatives were assessed by ICHPL using a multi-disciplinary team including environment, 
community, mining and exploration expertise. These included variations in the number of longwalls and 
orientations, lengths, and setbacks of the longwalls from key surface features. These options were reviewed, 
analysed and modified until an optimised longwall layout for Longwalls 712-716 in Appin Area 7 was achieved 
(Figure 2).  

There are a number of surface and subsurface constraints within the vicinity of the Study Area including major 
surface water features such as the Nepean River, and a number of geological constraints such as dykes and faults. 
The process of developing the layout for Longwall 712-716 was informed by updated subsidence predictions 
from the MSEC (2025), which allowed potential subsidence effects on sensitive surface features to be modelled 
in detail and minimised to the extent practicable. The process adopted in designing the mine layout 
incorporated the hierarchy of avoid/minimise/mitigate as requested by the NSW Department of Climate Change, 
Energy, the Environment and Water (DCCEEW) and its incorporated Conservation Programs, Regulation and 
Heritage division (CPHR). 

1.4 Objectives 
The objectives of this BIA include: 

– Outline the biodiversity values present with the Study Area using data collected during the BSO Project Part 
3A Environmental Assessment (EA), as well as supplementary data collected by Niche.  
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– Consideration of the existing consent for BSO Project (Appin and West Cliff Collieries) and Biodiversity 
Management Plans (BMPs) of previously approved adjacent longwalls near the Study Area.  

– Identify potential impacts to these biodiversity values resulting from subsidence predictions contained in 
MSEC Report No. MSEC1459 Rev. A (2025) 

– Determine if the predicted impacts to biodiversity values differ from those contained within the BSO EIS 
(BHPBIC 2009). 

– Provide recommendations to avoid, minimise and mitigate impacts to identified biodiversity values.  

– Report on residual impacts to biodiversity values and ensure they are consistent with the Conditions of the 
BSO Project Approval (08_0150). 

1.5 Approach 
The approach to this assessment has been informed by previous ecological survey work and impact assessment 
for the Study Area and surrounding areas, recent field survey efforts, current knowledge of subsidence impacts 
on the landscape, legislative guidelines and agency consultation. 

While biodiversity impact assessments for the Appin Area 7 Study Area have already been undertaken (Section 
32.2), this updated assessment is required to ensure that the findings of the previous reports remain valid in light 
of the revised mine layout, considering the following: 

– Amendments to relevant legislation and listing schedules, which may affect the conservation status of 
species or communities.  

– Updated subsidence predictions specific to Longwalls 712-716 (MSEC 2025), and improved understanding 
of actual subsidence effects informed by the results of monitoring programs undertaken. 

Previous ecological assessments for the Bulli Seam Operations Plan (BSOP) and associated longwalls in the 
Appin Area 9 and 7 (Biosis Research 2008, FloraSearch 2009, Biosphere Environmental Consultants 2009 and 
Biosis 2012) covered the majority of the current Study Area. However, some data gaps identified during this 
review have been addressed through targeted habitat assessments and updated evaluation of ecological values, 
with a focus on those sensitive to subsidence and upsidence related impacts, as outlined in MSEC (2025) and 
Section 2.2. 

1.6 Study Area 
Five longwalls; Longwall 712, Longwall 713, Longwall 714, Longwall 715 and Longwall 716, (hereafter referred to 
as ‘the proposal’) are proposed for extraction within the Study Area. The extent of the Study Area (Figure 2) aligns 
with the area defined in MSEC (2025) as potentially impacted by the proposal and incorporates: 

– The 35° angle of draw line from the extent of the proposed Longwalls 712-716 

– The predicted limit of vertical subsidence, defined by the additional 20 millimetre (mm) subsidence contour 
resulting from the extraction of Longwalls 712-716 

– The natural features located within 600 m of the proposed mining area, in accordance with Condition 5(i), 
Schedule 3 of the BSO Approval (08_0150) 

– Primarily watercourses and associated ecosystems, cliffs, rock outcrops and steep slopes. 

The Study Area (Figure 2) constitutes approximately 1,659 hectares (ha) and comprises a mosaic of land uses 
including undisturbed bushland, pastureland paddocks and urban development. The primary drainage feature is 
Navigation Creek (Figure 3, an ephemeral watercourse with associated minor tributaries that traverse the 
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Douglas Park township and form part of the Hawkesbury-Nepean Catchment. Importantly, no declared drinking 
water catchments or Special Areas occur within the Study Area boundary (Figure 1).  

1.7 Consultation 
Consultation with the proponent was undertaken during a project risk briefing held on 12 June 2025, attended 
by Stephen Bloomfield, where key biodiversity risks associated with the proposed extraction of Longwalls 712–
716 were discussed. This consultation focused on clarifying the ecological values within the Study Area, reviewing 
updated subsidence predictions, and identifying priority areas for impact avoidance or mitigation. Outcomes 
from this meeting have directly informed the finalisation of the Biodiversity Impact Assessment (BIA), ensuring 
alignment between predicted impacts, client expectations, and regulatory requirements. Further engagement 
with regulatory agencies will be undertaken as part of the development of the Biodiversity Management Plan 
(BMP). 
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2. Subsidence predictions for 
natural features 

2.1 Natural features of the Study Area 

2.1.1 Rivers, creeks and drainage lines 
There are no rivers within the Study Area. The nearest river is the Nepean River, located approximately located 
approximately 2.2 km south of the commencing (i.e. western) end of Longwall 712 and 2.5 km east of the 
finishing (i.e. eastern) end of Longwall 712 at its closest points (MSEC 2025). The third order creeks occur as a 
shallow incision into the surface soils, which have been derived from Wianamatta Group, with some sandstone 
outcropping (MSEC 2025). First and second order creeks and tributaries have more substantial incisions into the 
surface soils, with exposed sandstone in the bases and rock outcropping in the valley sides (MSEC 2025). Pools 
have naturally developed along the lengths of these creeks within the surface soils and rock platforms (MSEC 
2025). In some locations farm dams have been established (MSEC 2025).  

Table 1: Creeks of third and fourth order within the Study Area based on the 600 m boundary (MSEC 2025) 

Name Location Total length above 
mining area 
(Longwall 712-716) 
(km) 

Total length 
within the Study 
Area (km) 

Navigation Creek (third and 
fourth order) 

Directly above Longwall 711 - 716 3.1 (third order) 
1.4 (fourth order) 

3.0 (third order) 
2.1 (fourth order) 

Tributaries to 
Navigation 
Creek (third 
order) 

NavC14.5 Outside the mining area, 200 m 
north of Longwall 716 

- 1.3 

NavC16 Directly above Longwall 710B - 716 1.9 3.7 

NavC17 Directly above Longwall 715 0.27 0.27 

NavC20 Directly above Longwall 713 - 714 1.1 1.1 

Apps Gully (third order) Outside the mining area, 250 m west 
of Longwall 715 

- 0.39 

Foot Onslow Creek (third 
order) 

560 m south-east of Longwall 712 - 0.29 

Total 7.7 12.1 

 

2.1.2  Swamp, wetlands or water related ecosystems 
No swamps or wetlands have been identified within the Study Area. However, water-related ecosystems are 
present along the major streams (MSEC 2025).   



 

Appin - Longwalls 712-716  16 
 

While none of the Plant Community Types (PCTs) within the Study Area are formally recognised as Groundwater 
Dependent Ecosystems (GDEs), some riverflat vegetation communities, such as PCT 3145: Cumberland Bangalay 
x Blue Gum Riverflat Forest and PCT 4025: Cumberland Red Gum Riverflat Forest, may access shallow subsurface 
moisture or experience periodic inundation. However, these communities are primarily influenced by surface 
water dynamics rather than reliant on groundwater. Additionally, PCT 3110: Greater Sydney Enriched Grey Myrtle 
Dry Rainforest and PCT 3318: Cumberland Moist Shale Woodland may be sensitive to long-term reductions in 
subsurface moisture, particularly where they occur in enriched alluvial settings within the Study Area. 

2.1.3  Cliffs 
Cliffs are defined as ‘a continuous rock face’, including overhangs, having a minimum length of 20 m, a minimum 
height of 10 m and a minimum slope of 2:1 (>63.4°)” (MSEC 2025).  

A total of eleven cliffs have been identified within the Study Area, nine of which occur directly above proposed 
longwalls (Longwalls 714–716) and the other two occurring above Longwall 710A and 275 m north of Longwall 
716 (MSEC 2025). These features are primarily located in the western portion of the Study Area, near Razorback 
Range. The total mapped length of cliffs and minor cliffs above the mining area is approximately 440 m, with 
individual cliff heights ranging from 5 to 20 m, consistent with definitions used for cliff and escarpment stability 
monitoring in the Southern Coalfield (MSEC 2025). 

2.1.4  Rock outcrops 
Rock outcrops are defined as exposed rock faces with heights of less than 10 m or slopes of less than 2:1 (MSEC 
2025). Within the Study Area, rock outcrops are primarily located along the Razorback Range, as well as within 
the incised creek lines and tributaries (MSEC 2025).  

2.1.5  Steep slopes 
A steep slope is defined as “an area of land having a gradient between 1 in 3 (33 % or 18.3°) and 2 in 1 (200 % or 
63.4°)” (MSEC 2025). 

Within the Study Area, steep slopes have been identified along the Razorback Range above the western ends of 
the proposed longwalls (MSEC 2025). There are also more isolated steep slopes above the eastern ends of the 
proposed longwalls associated with small ridgelines and the banks of the streams (MSEC 2025).  

2.2 Subsidence predictions for natural features 
Subsidence predictions for the proposed Longwalls 712 to 716 within Appin Area 7 have been investigated and 
reported by MSEC (2025). The report examines predicted subsidence-related impacts to a range of natural 
features that are potentially sensitive to ground movement, including: 

– Major creeks and associated drainage lines, particularly third order watercourses 

– Cliffs and minor rock outcrops 

– Steep slopes along ridgelines and incised valleys. 

These natural features may support important habitat for threatened species or correspond to listed Threatened 
Ecological Communities (TECs) and, therefore, form a key focus of this assessment. A summary of the predicted 
impacts on these features, including maximum predicted vertical subsidence, tilts, and strains, is provided in 
Table 2, based on modelling and analysis documented in MSEC (2025). 
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Table 2: Predicated subsidence impacts to natural features and potential biodiversity impacts for Longwalls 712-716 
(MSEC 2025) 

Feature Description of natural 
feature  

Predicted subsidence or surface water 
impact (MSEC 2025) 

Previously observed impacts in 
other areas (MSEC 2025) 

Rivers There are no rivers within the 
Study Area. The nearest river 
is the Nepean River, located 
approximately 2.2 km south 
of the commencing (i.e. 
western) end of Longwall 
712 and 2.5 km east of the 
finishing ( i.e. eastern) end of 
Longwall 712 at its closest 
points (MSEC 2025). 

The predicted subsidence effects for the 
Nepean River, due to the mining of 
Longwall 712 – 716, are less than 5 mm 
vertical subsidence, less than 5 mm 
upsidence and less than 5 mm closure. 
While the river could experience very 
low levels of vertical subsidence or 
valley-related effects, it is not predicted 
to experience measurable tilts, 
curvatures or strains. 
 
It is unlikely that the Nepean River would 
experience adverse physical impacts 
due to the mining-induced movements 
from Longwall 712-716. 

Gas release zones have 
previously been observed along 
the Nepean River during the 
extraction of longwalls in Appin 
Areas 7 and 9. Further gas 
release zones could develop as 
a result of mining the proposed 
Longwalls 712 to 716. 

Creeks and 
tributaries 

The creeks that have third 
order reaches are Navigation 
Creek, four tributaries to 
Navigation Creek (NavC14.5, 
NavC16, NavC17 and 
NavC20), Apps Gully and 
Foot Onslow Creek. There is 
also a fourth order section of 
Navigation Creek located 
within 600 m of the 
proposed longwalls (MSEC 
2025).  

It is unlikely that large-scale adverse 
changes in the levels of ponding or 
scouring of the banks along creeks and 
tributaries within the Study Area would 
occur as a result of mining-induced tilt. It 
is possible that localised increased 
ponding could develop in some isolated 
locations, where the existing grades are 
small and upstream of the chain pillars 
and the edges of the mining area. The 
potential impacts of increased ponding 
and scouring of the drainage lines, 
therefore, are expected to be minor and 
localised. Impacts resulting from 
changes in surface water flows due to 
mining-induced tilt are expected to be 
small in comparison with those which 
occur during natural flooding conditions. 
  
Fracturing could develop along the 
creeks and tributaries due to the mining 
of the proposed longwalls. Fracturing 
will predominately occur where the 
creeks and tributaries are located 
directly above the mining area. Impacts 
can also occur outside the mining area, 
with minor and isolated fracturing 
occurring at distances up to 
approximately 400 m outside the 
longwalls. 
 
The mining-induced compression due to 
valley closure effects can also result in 
dilation and the development of bed 
separation in the topmost bedrock, as it 
is less confined. This additional dilation 

Creeks and tributaries have 
been mined directly beneath by 
previously completed longwalls 
in Appin Areas 7 and 9. These 
activities have not resulted in 
observed fracturing resulting in 
surface water flow diversions.  
However, based on experience 
in the Southern Coalfield, it 
remains likely that some 
fracturing will occur along the 
streams within the Study Area, 
particularly those located 
directly above or adjacent to 
the proposed longwalls. Such 
fracturing may reduce the 
water-holding capacity of 
existing standing pools. 
 



 

Appin - Longwalls 712-716  18 
 

Feature Description of natural 
feature  

Predicted subsidence or surface water 
impact (MSEC 2025) 

Previously observed impacts in 
other areas (MSEC 2025) 

due to valley closure is expected to 
develop predominately within the top 10 
m to 20 m of the bedrock. Compression 
can also result in buckling of the topmost 
bedrock resulting in heaving in the 
overlying surface soils. 
Surface water flow diversions could 
occur along the creeks and tributaries 
that are located directly above the 
mining area. In times of heavy rainfall, 
the majority of the runoff would flow 
over the fractured bedrock and soil beds 
and would not be diverted into the 
dilated strata below. In times of low flow, 
however, surface water flows can be 
diverted into the dilated strata below the 
beds. The creeks and tributaries are 
ephemeral and, therefore, surface water 
flows only occur during and for short 
periods after rain events. 
 

Cliffs Eleven cliffs have been 
identified in the western part 
of the Study Area along 
Razorback Range, nine of 
which occur directly above 
proposed longwalls and the 
other two occurring above 
Longwall 710A and 275 m 
north of Longwall 716 (MSEC 
2025). 
 
 

Based on the experience of mining 
beneath cliffs it is estimated that 
between 3 % and 5 % of the total length, 
or between 1 % and 3 % of the total face 
area of the cliffs that are located directly 
above the proposed longwalls would 
experience adverse impacts. 
The two cliffs (Refs. RR-CL5 and RR-CL8) 
and eight of the minor cliffs (Refs. 
MCL01 to MCL07 and MCL09) are 
located above the mining area (MSEC 
2025). The total length of these cliffs is 
440 m and the total face is area is 
approximately 4550 m2.  
Cliff RR – CL5 is located directly above 
the existing Longwall 710A, the 
predicted subsidence effects for this cliff 
are predominantly due to this existing 
longwall rather than the proposed 
longwalls. Cliff RR-CL8 is located above 
Longwall 714 and, therefore, the 
predicted subsidence effects are due to 
the proposed longwall. 
Minor cliff MCL08 is located 275 m north 
of the proposed LW716. At this distance, 
adverse impacts are not anticipated at 
this minor cliff due to the proposed 
mining. 
Minor cliff MCL07 is located adjacent to 
the eastern side of Remembrance Drive 
along the Razorback Range and is 
directly above the proposed LW716. The 

Where cliffs were directly mined 
under for other longwalls, minor 
cracking and rockfalls were 
observed. 
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Feature Description of natural 
feature  

Predicted subsidence or surface water 
impact (MSEC 2025) 

Previously observed impacts in 
other areas (MSEC 2025) 

potential for impacts on this minor cliff is 
considered low (MSEC 2025). 

Rock 
outcrops 

There are rock outcrops 
located across the Study 
Area, primarily along the 
Razorback Range and the 
incised creeks and tributaries 
(MSEC 2025).   

Rock outcrops within the Study Area are 
expected to experience the full range of 
predicted subsidence movements, 
including vertical subsidence, tilt, and 
strain. Fracturing is likely to occur where 
these features are located directly above 
the proposed longwalls. Where rock 
outcrops are marginally stable, this 
fracturing could result in localised 
instabilities or slumping. However, 
significant impacts are not anticipated 
beyond areas directly above or 
immediately adjacent to the longwalls. 

Minor cracking recorded 
elsewhere under similar strain 
levels. Previous experience of 
mining beneath rock outcrops 
at the Mine indicates that the 
proportion of rock outcrops that 
experience adverse impacts is 
small, typically affecting less 
than 3 % of the total surface 
area of such features. This aligns 
with observations across the 
Southern Coalfield, where most 
rock outcrops remain stable 
despite subsidence-related 
ground movements. 

Steep 
slopes 

The steep slopes within the 
Study Area have been 
identified primarily along the 
Razorback Range above the 
western end of the proposed 
longwalls (MSEC 2025). 
There are also more isolated 
steep slopes above the 
eastern ends of the 
proposed longwalls 
associated with small 
ridgelines and the banks of 
the streams (MSEC 2205).  
 

Mining-induced tilts are unlikely to result 
in adverse impacts on the stability of 
steep slopes. 
Steep slopes are more likely to be 
affected by mining-induced curvatures 
and strains, which may result in 
increased horizontal movements 
downslope. These movements can lead 
to the formation of tension cracks near 
the tops and along the flanks of the 
slopes, and compression ridges towards 
the base.  
The steep slopes along the Razorback 
Range are expected to experience the 
full range of predicted subsidence 
effects, and due to their inclination and 
existing signs of natural erosion, the 
extraction of the proposed longwalls 
may lead to the development of 
prominent surface cracking. If such 
cracks are left untreated, they could 
accelerate soil erosion processes. 
While these impacts are generally 
limited to surface cracking, the risk of 
large-scale downslope failures remains 
very low, as the substantial depth of 
cover across the Study Area reduces the 
likelihood of significant slippage. 

In past areas, minor instability 
observed only where steep 
slopes intersected fault zones or 
loose colluvium, given the 
extensive mining beneath steep 
slopes in the Southern 
Coalfield, including areas along 
the Cataract, Nepean, Bargo 
and Georges Rivers. No large-
scale slope failures have been 
recorded along these features, 
even where longwalls have 
been mined directly beneath 
them. However, tension 
cracking has been observed at 
the tops and along the sides of 
steep slopes, primarily due to 
increased horizontal 
movements downslope 
associated with subsidence. In 
areas with depths of cover 
greater than 400 m, such as 
within the current Study Area, 
these downslope movement 
cracks typically range from 25 
mm to 50 mm in width. In some 
cases, particularly at the tops of 
very steep slopes or near 
prominent rock outcrops, larger 
cracks have developed with 
widths commonly between 100 
mm and 150 mm or more. 
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3. Previous surveys 
Previous desktop and field assessment work has been conducted within Appin Areas 7 and 9 just south of the 
Study Area for previous longwall mining approvals and to satisfy approval conditions in regard to monitoring. 
Relevant documentation was reviewed as part of this BIA with the results of select key relevant assessments 
summarised in this report (see sections 3.1 to 3.5). Threatened species previously recorded in those assessments 
have generally been supplied to CPHR (and its predecessors) for inclusion in the BioNet Atlas of NSW Wildlife 
threatened species database which has been consulted for this assessment. 

Relevant assessments conducted within Appin Areas 7 and 9 include: 

– Illawarra Coal Bulli Seam Operations Project Terrestrial Flora Assessment (FloraSearch 2009). 

– Illawarra Coal Bulli Seam Operations Project – Appendix F - Terrestrial Fauna Assessment (Biosphere 
Environmental Consultants 2009). 

– Appin Area 9 Longwalls 901 to 904 Biodiversity Impact Assessment (Biosis 2012). 

– Appin Colliery Area 7 Longwalls 705-710 Impacts of Subsidence on Terrestrial Flora and Fauna (Biosis 
Research 2008). 

– Appin – Longwalls 709 to, 711 and 905 Biodiversity Impact Assessment (Niche 2021). 

3.1 Illawarra Coal Bulli Seam Operations Project – Appendix 
E - Terrestrial Flora Assessment (FloraSearch 2009) 

FloraSearch (2009) prepared a terrestrial flora and vegetation impact assessment for potential subsidence and 
surface impacts predicted for the BSO Project. Six TECs were recorded within the Study Area: 

– O'Hares Creek Shale Forest, Shale/sandstone Transition Forest – listed as Endangered under the BC Act 

– Shale Sandstone Transition Forest – listed as Critically Endangered under the EPBC Act 

– Cumberland Plain Woodland – listed as Endangered under the BC Act 

– River-flat Eucalypt Forest on Coastal Floodplains – listed as Critically Endangered under the EPBC Act 

– Moist Shale Woodland in the Sydney Basin Bioregion  – listed as Endangered under the BC Act 

– Western Sydney Dry Rainforest in the Sydney Basin Bioregion – listed as Endangered under the BC Act. 

These communities were listed as Endangered Ecological Communities (EECs) under the NSW Threatened 
Species Conservation Act 1995 (TSC Act) (now repealed by the BC Act) and/or the EPBC Act at the time of the 
report (2009). The assessment concluded that the proposal was unlikely to have a significant impact on any of 
these TECs. The impacts of surface cracking as the result of systematic subsidence movements was expected to 
be isolated and of a minor nature due to the relatively low magnitudes of the predicted strains and the relatively 
high depths of cover for all TECs.  

Threatened species recorded by FloraSearch (2009) that are relevant to the Study Area are: 

– Epacris purpurascens var. purpurascens 

– Small-flower Grevillea (Grevillea parviflora subsp. parviflora) 

– Bargo Geebung (Persoonia bargoensis). 
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With minor impacts to specific locations of threatened plants, mitigated through various avoidance measures, the 
BSO Project was considered unlikely to have a significant impact on any threatened flora species, populations, 
ecological communities, or their habitats. 

3.2 Illawarra Coal Bulli Seam Operations Project – Appendix 
F - Terrestrial Fauna Assessment (Biosphere 
Environmental Consultants 2009) 

Biosphere Environmental Consultants (2009) prepared a terrestrial fauna impact assessment for potential 
subsidence and surface impacts predicted for the BSO Project. Threatened species recorded by Biosphere 
Environmental Consultants (2009) that are relevant to the Study Area are: 

– Giant Burrowing Frog (Heleioporus australiacus); 

– Red-crowned Toadlet (Pseudophryne australis); 

– Gang-gang Cockatoo (Callocephalon fimbriatum); 

– Black-chinned Honeyeater (eastern subspecies) (Melithreptus gularis gularis); 

– Powerful Owl (Ninox strenua); 

– Spotted-tailed Quoll (Dasyurus maculatus); 

– Koala (Phascolarctos cinereus); 

– Grey-headed Flying-fox (Pteropus poliocephalus); 

– Southern Myotis (Myotis macropus) 

– Eastern Bent-wing Bat (Miniopterus orianae oceanensis). 

Of the threatened fauna recorded by Biosphere Environmental Consultants (2009), Powerful Owl, Southern 
Myotis and Grey-headed Flying-Fox were recorded in close proximity to the Study Area for the current 
assessment. Potential adverse impacts of the Project on terrestrial fauna and their habitats were assessed and 
those relating to subsidence include: 

– Surface cracking, changes in pool levels, flooding or scouring, changes in stream alignments, changes in the 
availability of water due to cracking of rock strata in watercourses, changes in water quality, strata gas 
emissions and rock falls as a result of mine subsidence. 

No significant impacts on threatened fauna species were predicted (Biosphere Environmental Consultants 2009). 
The following conclusions were made by Biosphere Environmental Consultants (2009) in relation to subsidence 
impacts of the BSO Project: 

– Along Navigation Creek, there may be isolated instances of iron staining and spikes in water quality 
parameters such as iron, transient strata gas emission and induced leakage in pools and farm dams.  

– Highly unlikely that there would be any observable effects on stream flow or water levels in the Nepean River 
within this domain (Appin Area 7). 

3.3 Appin Area 9 Longwalls 901 to 904 Biodiversity Impact 
Assessment (Biosis Research 2012) 

A BIA was prepared by Biosis Research (2012) to inform the BMP component of the Appin Area 9, Longwalls 901 
to 904, Extraction Plan. Threatened species recorded by Biosis Research (2012) that are relevant to the Study 
Area are: 
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– TECs: 

– Shale Sandstone Transition Forest  

– Cumberland Plain Woodland (Shale Hills and Shale Plains Woodland) 

– Moist Shale Woodland 

– Western Sydney Dry Rainforest. 

– Fauna: 

– Cumberland Plain Land Snail (Meridolum corneovirens) 

– Brown Treecreeper (south-eastern) (Climacteris picumnus victoriae) 

– Koala. 

Potential impacts as assessed by Biosis Research (2012) were found to be largely consistent with those outlined 
within the BSO EA.  

3.4 Appin Colliery Area 7 - Longwalls 705-710 Impacts of 
Subsidence on Terrestrial Flora and Fauna (Biosis 
Research 2008) 

Biosis Research (2008) prepared a terrestrial flora and fauna impact assessment for potential subsidence impacts 
predicted for the proposed longwall mining in Appin Area 7, specifically Longwalls 705-710. TECs and 
threatened species recorded by Biosis Research (2008) that are relevant to the Study Area are: 

– TECs: 

– Cumberland Plain Woodland 

– Shale Sandstone Transition Forest 

– River-flat Eucalypt Forest 

– Moist Shale Woodland. 

– Threatened species: 

– Camden White Gum (Eucalyptus benthamii) 

– Matted Bush-pea (Pultenaea pedunculata) 

– Brown Pomaderris (Pomaderris brunnea) 

– Sydney Plains Greenhood (Pterostylis saxicola) 

– Giant Burrowing Frog 

– Red-crowned Toadlet 

– Southern Myotis. 

The assessment concluded that the proposal was unlikely to have a significant impact on any of the above listed 
TECs or threatened species.  

As possible impacts from subsidence were likely to be restricted to changes in surface flow and water quality in 
the Nepean River and its tributaries, only animal species which rely on these natural features for their survival 
were considered in the detailed impact assessment. Southern Myotis forages along the creek lines and pools 
although the minor changes were not considered to significantly impact the species. There were predicted 
possibilities of minor rockfalls, surface cracking and erosion events although these impacts are likely to be minor 
and temporary in nature and are unlikely to alter the flora species composition or distribution of PCTs in the 
Study Area. 
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3.5 Appin - Longwalls 709 to, 711 and 905 Biodiversity 
Impact Assessment (Niche 2021) 

Niche was commissioned by GM3 to prepare a BIA to inform the BMP component of the Appin Area 9 and Appin 
Area 7, Longwalls 905, 709, 710A, 710B and 711 Extraction Plan, as required by the Condition of Project 
Approval. 

TECs recorded by Niche (2021) that are relevant to the Study Area were: 

– Cumberland Plain Woodland 

– River-flat Eucalypt Forest. 

One threatened flora species was known to occur in the Study Area, Spiked Rice-flower (Pimelea spicata). Impacts 
for this species were considered minimal, given its occurrence within drier PCTs that are less reliant on 
groundwater and surface water flows and hence less likely to be impacted by subsidence.  

One threatened fauna species, Southern Myotis, was considered potentially impacted by the proposal. Although, 
due to the minor subsidence predictions in cliffs, impacts were unlikely to be significant to the habitat for the 
population or individuals within the Study Area.  
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4. Methods 
4.1 Previous survey effort 
Previous assessments to support the BSO Approval, including terrestrial flora and fauna assessments (Flora 
Search 2009; Biosphere Environmental Consultants 2009), involved 42 days of surveys across Woronora plateau, 
Nepean River and Razorback Range, comprising 71 quadrat samples, 92 spot samples and 56 random meander 
searches across vegetated areas. Additional terrestrial assessments for Appin Areas 7 and 9 (Biosis Research 
2008; Biosis Research 2012; Niche 2021) were undertaken on several occasions between 9 September 2003 and 
26 February 2004, with an additional three days in February 2006 (Biosis Research 2008), four days in July 2010 
(Biosis Research 2012) and one day in August 2020 (Niche 2021).   

The previous survey effort encompasses a significant portion of the current Study Area. Accordingly, Niche will 
utilise these existing data sources and focus additional survey efforts on areas that have not been previously 
investigated.  

4.2 Survey timing 
Surveys were conducted throughout the Study Area on: 

– 4 February 2025 by Itzel Gonzalez and Alan Davies 

– 13 March 2025 by Itzel Gonzalez and David Wilkinson 

– 19 June 2025 by Itzel Gonzalez and Emma Laurence-Whalley. 

The current scope involved flora and fauna habitat surveys within the Study Area, focusing on landscape features 
and associated biodiversity that may be sensitive to the impacts of subsidence from longwall extraction, such as 
TECs, waterways and rocky areas. Survey effort was concentrated in parts of the study area that had not been 
subject to previous coverage or where past effort was limited (Figure 4). The level of survey was commensurate 
with the potential for impact and as such no targeted surveys for threatened flora or fauna were completed. 

4.3 Preliminary assessment  
A review of the following information was initially undertaken to develop a list of threatened flora and fauna 
species with potential to occur within the Study Area:  

– NSW DCCEEW BioNet Atlas (NSW DCCEEW 2025a) 

– Commonwealth DCCEEW EPBC Act Protected Matters Search Tool (PMST) (Cth DCCEEW 2025) 

– The NSW State Vegetation Type Map (SVTM) (NSW DCCEEW 2024a) 

– The NSW Hydrography watercourse mapping (NSW DCCEEW 2024b). 

4.4 Flora and vegetation assessment 
Prior to the field surveys, the Study Area was stratified using aerial photography interpretation (API), former Niche 
PCT mapping (Niche 2021) and vegetation mapping for the locality (NSW SVTM [NSW DCCEEW 2024a]). 
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Following a review of the existing mapping, field surveys were conducted to ground-truth existing vegetation 
mapping. 

Vegetation communities were categorised into PCTs using data collected via Rapid Data Point (RDPs), as 
detailed below. A total of 59 RDPs were collected containing points in which the most dominant species and 
their percent cover were recorded for each stratum. Data collected at each of these points included: 

– Dominant species present within all strata levels 

– Total projective foliage cover and height at all strata levels 

– Photographic evidence. 

Flora surveys focused on vegetation validation of SVTM of TECs and opportunistic threatened plant searches. 
Species composition and characteristic were then compared with PCT descriptions (NSW DCCEEW 2025b). 

4.5 Fauna habitat assessment 
Aquatic habitat within the Study Area was determined using the NSW Hydrography watercourse mapping (NSW 
DCCEEW 2024b). Prior to the field surveys, the Study Area was stratified using API, former Niche mapping (Niche 
2021), and existing NSW Hydrography (NSW DCCEEW 2024b). Following a review of the existing mapping, field 
surveys were conducted to ground-truth existing aquatic habitat mapping. 

The ground-truthing assessment was conducted to determine potential aquatic habitat for threatened frogs likely 
to occur within the Study Area. The survey involved walking accessible riparian zones and watercourses, with 
fauna surveys limited to searches for habitat and indirect signs of presence. In addition to incidental observations, 
a Rapid Aquatic Habitat Assessment was undertaken, which included evaluating habitat characteristics and 
parameters such as:  

– Physical aspects such as climate (desktop), geology, soils, slope, elevation, drainage and aspect 

– Identification and mapping of ground refugia that could potentially support threatened frogs 

– Structural habitat including the identification and recording of indirect signs of fauna presence 

– Key stream features such a channel morphology, flow characteristics, substrate composition, in-stream 
vegetation, and the presence of pools, riffles, and snags. 

4.6 Limitations 
Surveys were conducted during February, March and June 2025, focusing on biodiversity that could potentially 
be impacted by subsidence, such as frog habitat and riparian zones sensitive to water loss. Due to the location of 
the proposed longwalls, access to some private properties was not secured during the current assessment. As 
such, this constrained the habitat surveys and reduced the capacity to survey the entire Study Area. In some 
cases, vegetation was viewed using public vantage points to confirm communities with previously mapped areas. 
The likelihood of threatened species occurring was inferred based on the availability and quality of suitable 
habitat within the Study Area. Discussions of ecological values for land not ground-truthed, including vegetation 
mapping and suitable habitat are based on previously published work and interpretation of recent aerial 
photography. 
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4.7 Likelihood of occurrence 
A list of threatened flora and fauna within the locality (10 km radius) was derived from the BioNet Atlas (DCCEEW 
2025a). This list was analysed to determine species that may potentially be impacted by the proposed activity 
(Annex 2).  

The likelihood of species occurring within the Study Area was evaluated on a species-by-species basis to 
determine potential impacts and the necessary level of assessment. Five categories for ‘likelihood of occurrence’ 
were attributed to species after considering criteria such as known records, presence or absence of important 
habitat features in the Study Area and applying professional judgement (Table 3).  

Additionally, a PMST search (Cth DCCEEW 2025) was conducted in conjunction with the BioNet Atlas and is 
attached in Annex 3. It should be noted that the PMST search did not provide any additional species that would 
be likely to occur within the Study Area.  

Table 3: Likelihood of occurrence criteria 

Likelihood rating Threatened flora criteria Threatened and migratory fauna 
criteria 

Known The species was observed within the 
Study Area. 

The species was observed within the 
Study Area. 

High It is likely that a species inhabits or 
utilises habitat within the Study 
Area. 

It is likely that a species inhabits or 
utilises habitat within the Study 
Area. 

Moderate Potential habitat for a species occurs 
on the site. Adequate field survey 
would determine if there is a ‘high’ 
or ‘low’ likelihood of occurrence for 
the species within the Study Area. 

Potential habitat for a species occurs 
on the site and the species may 
occasionally utilise that habitat. 
Species unlikely to be wholly 
dependent on the habitat present 
within the Study Area. 

Low It is unlikely that the species inhabits 
the Study Area. 

It is unlikely that the species inhabits 
the Study Area. If present at the site, 
the species would likely be a 
transient visitor. The site contains 
only very common habitat for this 
species which the species would not 
rely on for its on-going local 
existence. 

None The habitat within the Study Area is 
unsuitable for the species. 

The habitat within the Study Area is 
unsuitable for the species. 
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5. Results 
5.1 Preliminary assessment 
Data from the BioNet Atlas (NSW DCCEEW 2025a), which holds records from a number of custodians, was 
collected on 10 January 2025 via a database search [for the location North: -34.02 West: 150.54 East: 150.84 
South: -34.27] returned a total of 10,212 records of 107 species within a 10 km radius of the Study Area. 

5.2 Flora and native vegetation  

5.2.1 Existing Vegetation Mapping  
Existing vegetation mapping (NSW DCCEEW 2024a) indicates seven PCTs occurring within the Study Area:  

– PCT 3110: Greater Sydney Enriched Grey Myrtle Dry Rainforest 

– PCT 3145: Cumberland Bangalay x Blue Gum Riverflat Forest 

– PCT 3318: Cumberland Moist Shale Woodland 

– PCT 3319: Cumberland Shale Hills Woodland 

– PCT 3320: Cumberland Shale Plains Woodland 

– PCT 3321: Cumberland Shale-Sandstone Ironbark Forest 

– PCT 4025: Cumberland Red Gum Riverflat Forest. 

As part of this survey, vegetation mapping was reviewed and updated to align with the current PCT classification 
system (updated 2022) as previous assessments referenced decommissioned PCTs. Table 4 provides a summary 
of the updated PCTs identified within the Study Area, including their transfer from legacy classifications to the 
current classification (as per SVTM) (NSW DCCEEW 2024a). 

Table 4: PCTs for the Study Area based on 2022 SVTM 

PCT Parent PCT (Niche 
2021) 

Associated TEC (BC 
Act) 

Associated TEC 
(EPBC Act)  

Area in 
Study Area 
(ha) 

Area 
directly 
mined 
beneath 
(ha) 

PCT 3110: Greater 
Sydney Enriched Grey 
Myrtle Dry Rainforest 

PCT 877: Grey Myrtle 
dry rainforest of the 
Sydney Basin 
Bioregion and South 
East Corner 
Bioregion 

Lowland Rainforest in 
the NSW North Coast 
and Sydney Basin 
Bioregions 
(Endangered); and 
Western Sydney Dry 
Rainforest and Moist 
Woodland on Shale 
(Endangered) 
 

Western Sydney Dry 
Rainforest and Moist 
Woodland on Shale 
(Critically 
Endangered) 

35.02 12.71 
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PCT Parent PCT (Niche 
2021) 

Associated TEC (BC 
Act) 

Associated TEC 
(EPBC Act)  

Area in 
Study Area 
(ha) 

Area 
directly 
mined 
beneath 
(ha) 

PCT 3145: 
Cumberland 
Bangalay x Blue Gum 
Riverflat Forest  

N/A Elderslie Banksia 
Scrub Forested 
(Critically 
Endangered); and 
River-Flat Eucalypt 
Forest on the Coastal 
Floodplains of the 
NSW North Coast, 
Sydney Basin and 
South East Corner 
Bioregions 
(Endangered) 

Elderslie Banksia 
Scrub Forest in the 
Sydney Basin 
Bioregion (Critically 
Endangered); and 
River-flat eucalypt 
forest on coastal 
floodplains of 
southern NSW and 
eastern Victoria 
(Critically 
Endangered) 

0.40 0 

PCT 3318: 
Cumberland Moist 
Shale Woodland 

PCT 830: Forest Red 
Gum - Grey Box 
shrubby woodland on 
shale of the southern 
Cumberland 
Plain, Sydney Basin 
Bioregion 

Moist Shale 
Woodland in the 
Sydney Basin 
Bioregion 
(Endangered) 

Western Sydney Dry 
Rainforest and Moist 
Woodland on Shale 
(Critically 
Endangered) 

122.28 64.32 

PCT 3319: 
Cumberland Shale 
Hills Woodland 

PCT 830: Forest Red 
Gum - Grey Box 
shrubby woodland on 
shale of the southern 
Cumberland 
Plain, Sydney Basin 
Bioregion; and 
PCT850: Grey Box - 
Forest Red Gum 
grassy woodland on 
shale of the southern 
Cumberland Plain, 
Sydney Basin 
Bioregion 

Cumberland Plain 
Woodland in the 
Sydney Basin 
Bioregion (Critically 
Endangered) 

Cumberland Plain 
Shale Woodlands 
and Shale-Gravel 
Transition Forest 
(Critically 
Endangered) 

370.96 137.99 

PCT 3320: 
Cumberland Shale 
Plains Woodland 

PCT 835: Forest Red 
Gum - Rough-barked 
Apple grassy 
woodland on alluvial 
flats of the 
Cumberland Plain, 
Sydney Basin 
Bioregion; and 
PCT850: Grey Box - 
Forest Red Gum 
grassy woodland on 
shale of the southern 
Cumberland Plain, 
Sydney Basin 
Bioregion; and 
PCT849: Grey Box - 
Forest Red Gum 

Cumberland Plain 
Woodland in the 
Sydney Basin 
Bioregion (Critically 
Endangered); and  
Shale Gravel 
Transition Forest in 
the Sydney Basin 
Bioregion 
(Endangered) 
 

Cumberland Plain 
Shale Woodlands 
and Shale-Gravel 
Transition Forest 
(Critically 
Endangered) 

39.70 10.83 
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PCT Parent PCT (Niche 
2021) 

Associated TEC (BC 
Act) 

Associated TEC 
(EPBC Act)  

Area in 
Study Area 
(ha) 

Area 
directly 
mined 
beneath 
(ha) 

grassy woodland on 
flats of the 
Cumberland Plain, 
Sydney 
Basin Bioregion 

PCT 3321: 
Cumberland Shale-
Sandstone Ironbark 
Forest 

PCT 1395: Narrow-
leaved Ironbark - 
Broad-leaved 
Ironbark - Grey Gum 
open forest of the 
edges of 
the Cumberland 
Plain, Sydney Basin 
Bioregion 

Shale Sandstone 
Transition Forest in 
the Sydney Basin 
Bioregion (Critically 
Endangered) 

Shale Sandstone 
Transition Forest of 
the Sydney Basin 
Bioregion (Critically 
Endangered) 

0.38 0 

PCT 4025: 
Cumberland Red 
Gum Riverflat 

PCT 835: Forest Red 
Gum - Rough-barked 
Apple grassy 
woodland on alluvial 
flats of the 
Cumberland Plain, 
Sydney Basin 
Bioregion 

River-Flat Eucalypt 
Forest on the Coastal 
Floodplains of the 
NSW North Coast, 
Sydney Basin and 
South East Corner 
Bioregions 
(Endangered) 

River-flat eucalypt 
forest on coastal 
floodplains of 
southern NSW and 
eastern Victoria 
(Critically 
Endangered) 

31.03 15.41 

Total:     599.77 241.27 

  

5.2.2 Plant Community Types (PCTs) 
All PCT descriptions detailed in Table 5 are derived from the BioNet Vegetation Classification (NSW DCCEEW 
2025b). 

Table 5: PCTs and vegetation description 

PCT Description 

PCT 3110: 
Greater Sydney 
Enriched Grey 
Myrtle Dry 
Rainforest 

A mid-high to very tall, mid-dense to dense rainforest, sometimes with eucalypt emergent, or rarely a 
very tall to extremely tall sclerophyll open forest with a dense rainforest sub-canopy or mid-stratum. This 
PCT occurs most extensively in the Sydney Basin hinterland, in ranges and hills between the Hunter 
valley near Singleton and the Ettrema catchment west of Nowra. The canopy almost always includes 
Backhousia myrtifolia, which usually dominates with the highest cover. Other species that rarely occur, 
either as emergent or in the canopy, include Eucalyptus tereticornis, Angophora floribunda and 
Corymbia maculata. Notelaea longifolia is very frequently present in the canopy or understorey however 
usually not abundant. Other species of small trees or shrubs which occur in the mid-stratum, or 
sometimes in the canopy, commonly include Breynia oblongifolia, and occasionally Melicytus dentatus, 
Alectryon subcinereus, Bursaria spinosa, Clerodendrum tomentosum and Pittosporum undulatum. The 
vines Geitonoplesium cymosum and Pandorea pandorana are almost always present, usually with a low 
cover. The very sparse to mid-dense ground layer is comprised of ferns, forbs and grasses. Species 
almost always include Pellaea falcata, very frequently Adiantum aethiopicum, Asplenium flabellifolium 
and Microlaena stipoides, commonly with Plectranthus parviflorus, Dichondra repens, Oplismenus 
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PCT Description 

imbecillis and the epiphytic fern Pyrrosia rupestris. This PCT occurs mainly in mild, relatively dry locations 
receiving 720-900 mm mean annual rainfall, at mid-elevations of 140-510 m above sea level (asl). It 
occurs mainly on sandstone lithology, occasionally on shale or ignimbrite, along creeks, in gullies or on 
steep rocky slopes, where there is a degree of protection from fire. It partly overlaps in range and 
environment with PCT 3151, which also has a dense canopy or sub-canopy of Backhousia myrtifolia, 
however tends to occur in cooler sites than that PCT. These two PCTs are floristically related, however 
PCT 3110 has a higher frequency of vines Geitonoplesium cymosum and Pandorea pandorana. PCT 
3110 grades into grassy forest PCTs on surrounding slopes which are more exposed or subject to more 
frequent fire. For example, in the Burragorang area it may grade into PCT 3482 or PCT 3484. 

PCT 3145: 
Cumberland 
Bangalay x 
Blue Gum 
Riverflat Forest  

A very tall sclerophyll open forest with a scattered mesic mid-stratum and a grassy ground cover that 
occurs along the sandy riverbanks of the Nepean and Georges rivers in south western Sydney. The 
canopy very frequently includes either Eucalyptus botryoides or the hybrid Eucalyptus botryoides - 
saligna, with a mix of other eucalypts none of which are common. These may include Eucalyptus elata, 
Eucalyptus benthamii, Angophora subvelutina or Eucalyptus amplifolia. An open layer of small trees 
almost always includes one or more Acacia species, of which Acacia binervia is most frequent and 
abundant. On the banks of the Georges River the small tree layer may include dense stands of the exotic 
Ligustrum sinense and as a result, smaller shrubs may have a reduced cover and diversity. Nevertheless, 
Phyllanthus gunnii, Melicytus dentatus and Phebalium squamulosum are commonly present. The mid-
dense ground layer is typically comprised of a hardy fern, grasses and forbs, almost always including 
Microlaena stipoides and very frequently Pteridium esculentum, Austrostipa ramosissima and 
Oplismenus aemulus. Common ground covers include Microlaena stipoides, Aristida vagans, Dianella 
caerulea, Vernonia cinerea, Pomax umbellata and Lobelia purpurascens. This PCT is situated on elevated 
alluvial systems that have a greater proportion of sandy material in the soil than the true broad silt-rich 
floodplains of the Nepean and Georges rivers. It typically occurs at elevations of below 70 metres asl in a 
warm, moist climate, with localised higher elevation found in a perched creek flat on an aeolian sand 
terrace at Spring Farm near Elderslie. It is related to PCT 4025, a river flat forest found on the 
Cumberland Plain and nearby on the Georges River, however PCT 4025 has fewer mesic small trees and 
shrubs a consistently higher cover of Eucalyptus tereticornis or Eucalyptus amplifolia and a diverse grass 
and herb ground cover that reflect the richer clay soils. This PCT is only defined from ten primary plots, 
many of which include a high proportion of exotic species, and the assemblage and environment of any 
new plots should be carefully evaluated before they are assigned to it. 

PCT 3318: 
Cumberland 
Moist Shale 
Woodland 

A tall to very tall sclerophyll woodland to open forest with a mid-stratum of soft-leaved species and 
ground cover featuring ferns and vines on protected aspects on steeper shale hills and rises of the 
southern half of the Cumberland Plain, in the Sydney Basin. The canopy very frequently includes 
Eucalyptus tereticornis occasionally with Eucalyptus moluccana which is prominent in localised areas. 
Corymbia maculata is rare overall however can be prominent on the sheltered slopes around Cecil Hills 
and Orangeville. It differs from the grassy woodlands found in western Sydney by the prevalence of 
waxy-leaved shrubs and small trees in the mid-stratum and a ground cover of soft-leaved forbs, fleshy 
vines, ferns and grasses. The shrub to small tree layer almost always includes one or more Acacia 
species, of which Acacia implexa is the most frequent and abundant. Bursaria spinosa and Breynia 
oblongifolia are also very frequent and Clerodendrum tomentosum and the scrambler Rubus parvifolius 
are common. The mid-dense ground layer is comprised of ferns, vines, grasses, forbs, twiners and low-
growing shrubs. It almost always includes Cayratia clematidea and very frequently Adiantum 
aethiopicum, Desmodium varians, Dichondra repens, Pandorea pandorana subsp. pandorana, 
Geitonoplesium cymosum, Microlaena stipoides, Pellaea falcata, Oplismenus imbecillis and Eustrephus 
latifolius. Much of the habitat of this PCT has been cleared, with remaining stands commonly invaded by 
weeds including dense thickets of Olea europaea subsp. cuspidata. Weed invasion impacts on native 
species diversity and possibly helps explain the relative low frequency of canopy species of this PCT 
compared to other PCTs on the Cumberland Plain shales. This PCT typically occurs in a warm, moist 
climate on mid to lower slopes below 290 metres asl near Cecil Hills, Orangeville and on the Razorback 
Range. There is some floristic overlap of this PCT with nearby dry rainforests on more sheltered sites, 
which share species such as Clerodendrum tomentosum and Cayratia clematidea. On more exposed 
aspects, this PCT grades into PCT 3319 which includes similar canopy species however lacks the 
sheltered shrubs, ferns and vines that are present in this PCT. 
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PCT Description 

PCT 3319: 
Cumberland 
Shale Hills 
Woodland 

A tall to very tall sclerophyll woodland to open forest with a mid-stratum of soft-leaved shrubs and small 
trees with a grassy ground cover that is extensive on rises and upper slopes of hills south from Cecil Hills, 
in the south-western part of the Cumberland Plain to the west of Sydney. It is most extensive in 
Campbelltown, Camden and Wollondilly local government areas. The canopy commonly includes 
Eucalyptus moluccana and Eucalyptus tereticornis, with a sparse shrub to small tree layer which very 
frequently includes Bursaria spinosa and at least one species of Acacia, of which Acacia implexa is most 
frequent. The presence of Acacia implexa helps distinguish this PCT from PCT 3320, which has a similar 
assemblage and structure. The mid-dense ground layer typically includes forbs, grasses and twiners. 
Dichondra repens is almost always present and Microlaena stipoides, Desmodium varians, Brunoniella 
australis and Aristida ramosa are very frequent. This PCT typically occurs in a warm, moist climate 
between 90-300 metres asl. It has been heavily cleared and now occurs in small remnants with varying 
levels of disturbance within a rural landscape. The canopy in these remnants often comprises immature 
cohorts of trees that have regenerated after thinning or clearing. The distribution of this PCT overlaps 
with PCT 3320 between Cecil Hills and the Nepean River, in which area of overlap PCT 3319 typically 
occurs on higher elevation hills and ridges. This PCT grades into PCT 3318 on lower protected slopes in 
the more dissected hills around Cecil Hills and the Razorback Range, and into PCT 3321 near the 
interface with the sandstone plateaus on the edge of the Cumberland Plain. PCT 3318 includes shrubs, 
ferns and vines typical of sheltered habitats that are rare in this PCT. Ironbark eucalypts are very frequent 
and Eucalyptus punctata is common in the canopy of PCT 3321, and Eucalyptus moluccana and 
Eucalyptus tereticornis are both rare. 

PCT 3320: 
Cumberland 
Shale Plains 
Woodland 

A tall sclerophyll open forest or woodland with a sparse mid-stratum of soft-leaved shrubs and small 
trees with a grassy ground cover on the undulating Wianamatta Group shale plains of western Sydney. 
The canopy very frequently includes Eucalyptus tereticornis and Eucalyptus moluccana, with ironbarks 
(Eucalyptus crebra and Eucalyptus fibrosa) occasionally present and sometimes prominent in localised 
areas. The sparse shrub to small tree layer very frequently includes Bursaria spinosa and one or more 
species of Acacia, of which Acacia parramattensis, Acacia decurrens and Acacia falcata are the most 
frequent and abundant. Presence of these Acacia species helps to distinguish this PCT from the related 
PCT 3319 on rises of the southern Cumberland Plain which typically includes Acacia implexa. The mid-
dense ground layer typically includes grasses, forbs, twiners and hardy small ferns. Microlaena stipoides 
is almost always present and Themeda triandra, Dichondra repens, Brunoniella australis, Cheilanthes 
sieberi subsp. sieberi, Desmodium varians, Aristida vagans and Glycine tabacina are very frequent. This is 
the most widespread PCT on the Cumberland Plain, occupying much of the plain between Bankstown 
and the Hawkesbury and Nepean rivers. It typically occurs in a warm, moist climate below 120 metres asl 
however can occur up to 200 metres asl on the undulating terrain between Douglas Park and 
Campbelltown to the east of the Nepean River. A northern outlier occurs near Maroota on a small 
remnant on a narrow shale ridge. While widespread on the main part of the plain, this PCT primarily 
occurs in small, often disturbed patches within a rural or urban matrix. In the hilly country to the west of 
the Nepean River, this PCT is replaced by PCT 3319. On thinner shales above sandstone around the 
periphery of the Cumberland Plain, it grades into PCT 3321. Ironbarks are very frequent and Eucalyptus 
punctata is common in the canopy of PCT 3321, and Eucalyptus moluccana and Eucalyptus tereticornis 
are both rare. 

PCT 3321: 
Cumberland 
Shale-
Sandstone 
Ironbark Forest 

A tall sclerophyll open forest with a mid-stratum of dry and soft-leaved shrubs or small trees and a 
ground cover of grasses and graminoids found on the fringes of the Cumberland Plain in the Sydney 
Basin. It is one of a suite of forests that are associated with the subtle intergrade between clay-rich shale 
soil and the coarse sandy substrates of the sandstone plateau. The canopy almost always includes 
ironbark eucalypts (Eucalyptus crebra, Eucalyptus fibrosa) and commonly Eucalyptus punctata and 
stringybark eucalypts (Eucalyptus globoidea or Eucalyptus eugenioides). A sparse small tree layer almost 
always includes one or more Acacia species, of which Acacia parramattensis and Acacia decurrens are 
the most frequent and abundant, commonly with Allocasuarina littoralis or Allocasuarina torulosa. The 
shrub layer includes a mix of species that typically occur on sandstone soils and shale substrates. The 
sandstone shrubs very frequently include Persoonia linearis and shale species commonly include 
Bursaria spinosa and Leucopogon juniperinus. The mid-dense ground layer typically consists of 
graminoids, forbs and hardy ferns, and very frequently includes Microlaena stipoides, Lobelia 
purpurascens, Cheilanthes sieberi subsp. sieberi, Entolasia stricta, Aristida vagans, Lepidosperma laterale, 
Themeda triandra and Lomandra multiflora subsp. multiflora. This PCT occurs in a warm, moist climate on 
the western edge of the Woronora Plateau, on the rim of the Nepean and Georges rivers, along the 






























































































































































