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1. Introduction 
This technical paper addresses the potential impacts on terrestrial ecosystems associated 

with the proposed Bickham Coal Mine and related changes in groundwater and surface 

water. The paper is presented as a separate technical report appended to and supporting 

the Water Resource Assessment (Bickham Coal Company 2009). 

The paper examines the terrestrial flora and fauna assemblages and their habitats within the 

vicinity of the proposed Bickham Coal Mine. It then determines their likely dependence on 

groundwater resources (groundwater dependent ecosystems). It further assesses the 

potential impacts relating to biodiversity that may result from changes to groundwater and 

surface water regimes resulting from the proposed mine activities and where necessary 

proposes appropriate mitigation and management measures. 

This report does not assess general impacts of mining, such as vegetation clearing, which 

will be assessed as part of the project’s overall environmental assessment. Potential impacts 

of the project on aquatic ecosystems are discussed separately in Appendix 24 of the Water 

Resource Assessment (Marine Pollution Research Pty Ltd 2009). 

1.1 Groundwater dependent ecosystems 

Groundwater dependant ecosystems (GDE) are communities of plants, animals and other 

organisms whose extent and life processes are dependent on groundwater (Department of 

Land and Water Conservation 2002). When considering groundwater dependant 

ecosystems, groundwater is generally defined as the saturated zone of the regolith (the layer 

of loose rock resting on bedrock, constituting the surface of most land) and its associated 

capillary fringe, however it excludes soil water held under tension in soil pore spaces (the 

unsaturated zone or vadose zone) (Eamus et al. 2006). 

Groundwater dependant ecosystems include a diverse range of ecosystems as shown in 

Figure 1-1. 

Eamus et al. (2006) considers the following broad classes of ecosystems as having 

complete or partial groundwater dependency: 

 Aquifer and cave ecosystems, where stygofauna (groundwater-inhabiting organisms) 

may reside within the groundwater resource. The hyporheic zones (see ecosystem 5 in 

Figure 1-1) of rivers and floodplains are also included in this category because these 

ecotones often support stygobites (obligate groundwater inhabitants). 

 All ecosystems dependent on the surface expression of groundwater. This category 

includes base-flow rivers and streams, wetlands (see ecosystems 2 and 3 in Figure 1-1), 

some floodplains and mound springs and estuarine seagrass beds. While it is 

acknowledged that plant roots are generally below ground, this class of groundwater 

dependant ecosystems requires a surface expression of groundwater, which may, in 

many cases, then soak below the soil surface and thereby become available to plant 

roots. 
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 Figure redrawn from Howe (2006) 

Figure 1-1 Conceptual biophysical model of groundwater dependent ecosystems 
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 All ecosystems dependent on the subsurface presence of groundwater, often accessed 

via the capillary fringe (non-saturated zone above the saturated zone of the water table) 

when roots penetrate this zone. This class includes terrestrial ecosystems such as River 

Red Gum (Eucalyptus camaldulensis) forests on the Murray–Darling basin (see 

ecosystems 1 and 4 in Figure 1-1). No surface expression of groundwater is required in 

this class of groundwater dependant ecosystems.  

The term ‘groundwater dependant ecosystem’ refers to ecosystems ranging from those 

entirely dependent on groundwater to those that may use groundwater while not having a 

dependency on it for survival (i.e. ecosystems or organisms that use groundwater 

opportunistic or as a supplementary source of water) (Hatton & Evans 1998). 

The dependency of ecosystems on groundwater is generally based on one or more of four 

basic groundwater attributes: 

 flow or flux - the rate and volume of supply of groundwater 

 level - for unconfined aquifers, the depth below surface of the water table 

 pressure - for confined aquifers, the potentiometric head of the aquifer and its 

expression in groundwater discharge areas 

 quality - the chemical quality of groundwater expressed in terms of pH, salinity and/or 

other potential constituents, including nutrients and contaminants (Sinclair Knight Mertz 

2001). 

Mining may affect each of the key groundwater attributes, as described below. 

 Level or pressure - mine dewatering may lower the water table level or aquifer 

pressure. The magnitude and rapidity of change may be relatively great for large open 

cut mines or where the mine intersects highly transmissive aquifers (e.g. deep leads). 

Mine-related construction activities, such as diversion and/or canalisation of streams, 

may also contribute to changes in riverine aquifer levels.  

 Flux - mine dewatering also has potential to reduce discharge flux and volumes of water 

available for habitat for aquatic ecosystems in wetlands and base flow streams. 

 Quality - mining poses several hazards to groundwater quality. Where groundwater is 

stratified or changes in quality (e.g. salinity, pH, chemical composition) with depth, 

dewatering may alter the environment experienced by (affected) cave or aquifer 

ecosystems. Ecosystems sensitive to those changes may be simplified or even 

eliminated by such changes. 

Groundwater dependant ecosystems possess a range of values including being important 

and sometimes rare ecosystems in themselves as well as providing important ecosystem 

services such as water purification (Department of Land and Water Conservation 2002). 

Groundwater is also an increasingly important resource for human uses in Australia (there 

was a 90% increase in groundwater extraction between 1985 and 1997 (National Land and 

Water Resources Audit 2001). Nationally groundwater is extracted for uses including 

irrigation (48%), urban and industrial use (33%) and stock watering and rural use (19%) 

(Department of the Environment and Heritage 2001). 
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The potential of groundwater extraction to exceed recharge has resulted in awareness to the 

affects of groundwater availability or regimes that may result in adverse impacts to 

groundwater dependant ecosystems (Department of Land and Water Conservation 2002; 

Eamus et al. 2006; Murray et al. 2003; PPK Environment & Infrastructure 1999; Sinclair 

Knight Mertz 2001), and thereby threaten the values they provide. 

1.2 Aims of this report 

Due to the close proximity of the Bickham Coal Mine to the Pages River, concern relating to 

the affects of the mine’s ground and surface water management to the surrounding ecology 

was raised in the Coal Mining Potential in the Upper Hunter Valley – Strategic Assessment 

(Department of Planning 2005). 

The Department of Planning issued requirements for the Water Resource Assessment and 

draft Water Management Plan, some of which relate specifically to terrestrial ecosystems 

and groundwater dependent ecosystems. These requirements are detailed in Table 1-1 with 

reference to where in this report they are addressed. 

Table 1-1 Department of Planning requirements for the studies relevant to 
terrestrial ecosystems and groundwater dependent ecosystems 

Section Item Requirement Description 
Section of report / 
comment 

3 b) i) The Water Resource Assessment and draft life-of-
mine Water Management Plan will examine 
contained and surrounding groundwater resources 
within 3 km of the proposed mine 

Section 3.2  

3 c)  The Water Resource Assessment and draft Water 
Management Plan will demonstrate that the 
proposed coal mine can be managed so as to 
maintain the long term integrity of the streams, 
alluvial aquifers and ecosystem values of the 
Pages River Catchment and the Kingdon Ponds 
Catchment. To this end the Assessment and draft 
Management Plan will demonstrate that: 

Section 5 and Section 6 

 iv) Buffer zones have been applied between the 
proposed coal mine and the Pages River 
consistent with the DNR’s Guidelines for 
Management of Stream/Aquifer Systems in Coal 
Mining Developments – Hunter Region, April 
2005. 

Section 6 

 v) Area of riparian vegetation within land owned or 
controlled by the proponent are protected and/or 
rehabilitated, so as to provide improved riverine 
health and improved bank stability, and to assist 
maintenance of healthy aquatic ecosystems. 

Section 6 

4 b) vi) Site information survey including site features – 
watercourses, lakes, wetlands, vegetation etc. 

Section 4.1.2 (vegetation) 

4 h) iii) Details of the presence of groundwater dependent 
ecosystems in the surrounding areas 

Section 4.2 

 h) iv)  Identification of required buffer zones for any likely 
groundwater dependent ecosystems 

Section 6 

 h) v) Identification of auditing and reporting schedule Section 6 
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Other requirements relating to ground and surface water impacts may have some relevance 

to avoiding impacts on terrestrial ecosystems and groundwater dependent ecosystems 

(e.g. 3biii Examining connectivity between the Pages River and alluvial and hard rock 

aquifers in the vicinity of the proposed mine) and will be referred to in the report as 

necessary. Full details of the Department of Planning’s requirements for the Water Resource 

Assessment and draft Water Management Plan are presented in Appendix 1 of the Water 

Resource Assessment (Bickham Coal Company 2009). 

Following presentation of a preliminary draft Water Resource Assessment (Evans and Peck 

2007), concerns were raised by agencies relating to the connectivity between the mine pit 

and the Pages River through the intervening alluvial/hard rock barrier. Relating to this 

current report concerns were raised relating to the impacts of the Bickham Coal Mine on the 

ecosystems of the Pages River including those in Camerons Gorge Nature Reserve. 

The design and layout of the mine has evolved to move the area of mining below river bed 

level in the mine pit away from the Pages River. The impacts of the mine on groundwater 

have been modelled. This terrestrial biodiversity assessment is based on the final mine 

layout and groundwater modelling.  

In order to meet the requirements of the Department of Planning, the overall aim of this 

terrestrial biodiversity assessment is to identify ecosystems in the vicinity of the proposed 

Bickham Coal Mine that have potential to be affected adversely by changes to the 

groundwater and surface water systems resulting from mining activities. This overall aim is 

broken down into the following specific activities to be undertaken: 

 identify and describe potential groundwater dependant ecosystems within and 

surrounding the mine site that may be affected by alterations to groundwater and 

surface water systems resulting from mine activities 

 classify the groundwater dependant ecosystems according to their likely dependence on 

groundwater and conservation significance 

 predict the likely impact of alterations to groundwater resulting from the proposed 

Bickham Coal Mine on biodiversity values 

 if impacts are considered likely, propose mitigation, management and monitoring 

measures for the project. 
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2. Legislation relevant to this assessment 
The Bickham Coal Mine project is being assessed under Part 3A of the Environmental 

Planning and Assessment Act 1979, with the Water Resource Assessment forming part of 

this process. 

Under Section 75E(2) of the Environmental Planning and Assessment Act 1979, the 

Director-General of the Department of Planning may request that the project application 

contains ‘other matters requested by the Director-General’. In the case of the Bickham Coal 

Mine, the Director-General has requested the preparation of a Water Resource Assessment 

and a draft Water Management Plan as suggested in the Upper Hunter Valley Strategic 

Assessment (Department of Planning 2005). This report forms part of the Water Resource 

Assessment. 

Of importance to the Water Resource Assessment, and the ecosystem assessment in 

particular, is the New South Wales Groundwater Depend Ecosystem Policy (Department of 

Land and Water Conservation 2002), which is described below. Much of the other State and 

Commonwealth legislation and policies have only limited applicability at this stage of the 

environmental assessment and approvals process. 

2.1 New South Wales Groundwater Dependent Ecosystem Policy 

The New South Wales Groundwater Dependent Ecosystem Policy (Department of Land and 

Water Conservation 2002) is designed to protect ecosystems that rely on groundwater for 

survival so that, where possible, ecological processes and biodiversity dependent on these 

ecosystems are maintained or restored. 

The management principles in the Groundwater Dependent Ecosystem Policy are relevant 

to the Bickham Coal Mine project and should be recognised in its development. The relevant 

principles are described below. 

Principle One: The scientific, ecological, aesthetic and economic values of groundwater-

dependent ecosystems, and how threats to them may be avoided, should be identified and 

action taken to ensure that the most vulnerable and the most valuable ecosystems are 

protected. 

Principle Two: Groundwater extractions should be managed within the sustainable yield of 

aquifer systems, so that the ecological processes and biodiversity of their dependent 

ecosystems are maintained and/or restored. Management may involve establishment of 

threshold levels that are critical for ecosystem health, and controls on extraction in the 

proximity of groundwater dependent ecosystems. 

Principle Three: Priority should be given to ensuring that sufficient groundwater of suitable 

quality is available at the times when it is needed: 

 for protecting ecosystems which area known to be, or are most likely to be, groundwater 

dependent 

 for groundwater dependent ecosystems which are under an immediate or high degree of 

threat from groundwater-related activities. 
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Principle Four: Where scientific knowledge is lacking, the Precautionary Principle should be 

applied to protect groundwater dependent ecosystems. The development of adaptive 

management systems and research to improved understanding of these ecosystems is 

essential to their management. 

Principle Five: Planning, approval and management of developments and land use 

activities should aim to minimise adverse impacts on groundwater dependent ecosystems 

by: 

 maintaining, where possible, natural patterns of groundwater flow and not disrupting 

groundwater levels that are critical for ecosystems 

 not polluting or causing adverse changes in groundwater quality 

 rehabilitating degraded groundwater systems where practical. 

2.2 State and Commonwealth legislation 

The proposed mine will be assessed under Part 3A of the Environmental Planning and 

Assessment Act 1979 (major projects). Projects assessed under Part 3A must ensure that 

the development delivers the following environmental outcomes: 

1. maintain or improve biodiversity values (i.e. there is no net impact on threatened species 

or native vegetation) 

2. conserve biological diversity and promote ecologically sustainable development 

3. protect areas of high conservation value (including areas of critical habitat) 

4. prevent the extinction of threatened species 

5. protect the long-term viability of local populations of a species, population or ecological 

community 

6. protect aspects of the environment that are matters of national environmental 

significance (Department of Environment and Conservation 2005). 

Other Commonwealth and State legislation and planning policies relevant to the protection of 

flora, fauna and biodiversity include: 

 Environment Protection and Biodiversity Conservation Act 1999 

 Threatened Species Conservation Act 1995 

 Fisheries Management Act 1994 

 National Parks and Wildlife Act 1974 

 Native Vegetation Act 2003 

 Water Management Act 2000 and Rivers and Foreshores Improvement Act 1948 

 State Environmental Planning Policy No. 44 – Koala Habitat Protection. 
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Although licences and approvals under the state Acts and policies are not required in 

addition to approval under Part 3A of the Environmental Planning and Assessment Act 1979, 

consideration should still be given to their intent. At this stage of the assessment process 

much of this legislation has only limited application and will play a more fundamental role at 

the Environmental Assessment stage. 

The Environment Protection and Biodiversity Conservation Act 1999 applies to the proposed 

mine. 
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3. Methods 
The current assessment was largely desk-based, relying on field survey data collected within 

the Bickham South mine lease area as part of the overall environmental assessment of the 

project (Parsons Brinckerhoff 2005; Umwelt 2004) as well as on publicly available data. 

Details of the surveys used in the mine lease area are provided in Appendix A. 

3.1 Nomenclature 

Names of plants used in this document follow Harden (Harden 1992, 1993, 2000, 2002) with 

updates from PlantNet (Royal Botanic Gardens 2007). Scientific names are used in this 

report for species of plant followed by the common name, where available. Scientific and 

common names of plants are listed in appendices B and D. 

Names of vegetation communities used in this report are based on the dominant species 

and structure of the community. Where practical the names follow those used in Forest 

Ecosystem Classification and mapping for the Upper and Lower North East Comprehensive 

Regional Assessment (National Parks and Wildlife Service 1999). 

Names of vertebrates follow the Census of Australian Vertebrates (CAVS) database 

maintained by the Department of the Environment, Water, Heritage and the Arts 

(Department of the Environment Water Heritage and the Arts 2009). Common names are 

used in the report for species of animal. Scientific names are included in species lists found 

in appendices C and E. 

3.2 Study area 

For the purpose of this assessment the water resources study area was defined as a three 

kilometre radius around the proposed mine site (Figure 3-1). The study area was also 

extended to include all land within one kilometre of the Pages River, extending a further 

2 kilometres downstream towards Camerons Gorge Nature Reserve to the south-east of the 

proposed mine (Figure 3-1). 

3.3 Database searches and literature reviews 

Records of threatened species of plant and animal were obtained from the Department of 

Environment and Climate Change (formerly the Department of Environment and 

Conservation) Atlas of New South Wales Wildlife (Department of Environment and 

Conservation 2006, updated 28 August 2007) for an area within a 25 kilometre radius of the 

mining lease area, using the Murrurundi, Muswellbrook and Camberwell 1:100 000 map 

sheets. An initial search of the standard distance of 10 kilometres provided only five records 

and hence the search area was increased to 25 kilometres. A lack of records does not 

necessarily imply an absence of threatened species; rather it may imply that there has been 

limited survey carried out previously in the area. These data were further updated 

(2 February 2009) with reference to the Department of Environment and Climate Change 

Threatened Species database (Department of Environment and Climate Change 2009), 

searches in the Hunter subregion of the Hunter/Central Rivers CMA. 



Project location, regional context and study area

Figure 3-1   Project location, regional context and study area
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Predicted habitat for threatened species, populations and communities and migratory 

species listed under the Environment Protection and Biodiversity Conservation Act 1999 that 

may occur in the area was obtained from the Department of the Environment, Water, 

Heritage and the Arts Resources Protected Matters Search Tool (Department of the 

Environment and Heritage 2006, updated 02 February 2009), within a 10 kilometre radius of 

the mine lease area (the project locality). 

3.4 Condition of vegetation communities and fauna habitats 

As part of studies relating to the environmental assessment of the mine (Parsons 

Brinckerhoff 2005), the condition of vegetation communities and fauna habitats within the 

mine lease area were assigned to one of three classes. 

Three categories were used to describe the condition of vegetation communities: 

 High: Vegetation still retains the species complement and structural characteristics of 

the pre-European equivalent.  Such vegetation has usually changed very little over time 

and displays resilience to weed invasion due to intact ground cover, shrub and canopy 

layers. 

 Medium: Vegetation generally still retains its structural integrity but has been highly 

disturbed and has lost some component of its original species complement. Weed 

invasion can be significant in such remnants. 

 Low: Vegetation that has lost most of its species and is significantly modified 

structurally. Often such areas now have a discontinuous canopy of the original tree 

cover, very few shrubs and exotic species, such as introduced pasture grasses or 

weeds, replacing much of the indigenous ground cover. Environmental weeds are often 

co-dominant with the original indigenous species. It can often be difficult to assign a 

vegetation type to such remnants as they are so species poor. 

Fauna habitats were assessed by examining characteristics such as native vegetation, 

ground and litter layers, breeding, nesting, feeding and roosting resources, and evidence of 

fauna. The following criteria were used to evaluate the condition of fauna habitat: 

 High: Fauna habitat components are usually all present (e.g. old growth trees, fallen 

timber, feeding and roosting resources) and habitat linkages to other remnant 

ecosystems in the landscape are intact. 

 Medium: Some fauna habitat components are often missing (e.g. old-growth trees, 

fallen timber), although linkages with other remnant habitats in the landscape are usually 

intact, although often degraded. 

 Low: Many fauna habitat elements in low quality remnants have been lost, including old 

growth trees (for example, due to past timber harvesting or land clearing) and fallen 

timber, and tree canopies are often highly fragmented. Habitat linkages with other 

remnant ecosystems in the landscape have usually been severely compromised by 

extensive past clearing. 
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3.5 Conservation significance 

Assessment of the conservation significance of native terrestrial flora and fauna is done 

according to the hierarchy: 

 national 

 state 

 regional 

 local. 

Meaningful comparisons of significance or value at a variety of scales rely on widely 

accepted criteria (for example, International Union for the Conservation of Nature 2001). The 

criteria used to assign the site to an appropriate conservation significance category are 

outlined below. 

 National: Matters dealt with under the Environment Protection and Biodiversity 

Conservation Act 1999. These include: 

 important areas of habitat for migratory species covered under international 

agreements to which Australia is a signatory, such as the China Australian 

Migratory Bird Agreement (CAMBA), Japan Australian Migratory Bird Agreement 

(JAMBA), the Republic of Korea Migratory Bird Agreement (RoKAMBA) and the 

Bonn Convention 

 Ramsar Wetlands 

 World Heritage properties that contain natural heritage considered to be of 

outstanding value to humanity as listed under the Convention Concerning the 

Protection of the World Cultural and Natural Heritage 

 species populations or communities considered Vulnerable or Endangered and 

listed pursuant to the Environment Protection and Biodiversity Conservation Act 

1999 

 flora listed as threatened and rare in Rare or Threatened Australian Plants (Briggs 

& Leigh 1996) 

 species listed as endangered, vulnerable or rare in Australia in an Action Plan 

published by the Department of the Environment and Heritage. 

 State: Remnant ecosystems containing populations of plant or animal species, or 

vegetation or animal communities considered threatened in New South Wales, including 

species and communities listed pursuant to the Threatened Species Conservation Act 

1995. This category also includes flora listed as poorly known in Australia (Briggs & 

Leigh 1996). 

 Regional: There are no widely accepted criteria for regional significance in New South 

Wales. The state is divided into bioregions (Thackway & Cresswell 1995) and much of 

the listing of Endangered Ecological Communities under the Threatened Species 

Conservation Act 1995 and the Environment Protection and Biodiversity Conservation 

Act 1999 are based around these regions. New South Wales Catchment Management 

Authorities direct natural resource management within 13 general catchments and 

include information on the extent of various vegetation communities. Also numerous 

published studies and vegetation mapping projects have indicated the importance of 
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vegetation and species at various spatial scales. For the Hunter Region, a list of 

regionally significant flora was prepared by the Hunter Rare Plants Committee at the 

Hunter Regional Botanic Gardens (Bell et al. 2003). 

 Local: All remnant native vegetation and fauna habitat that does not fall into the 

categories above is considered to be of at least local significance as most of these areas 

have been reduced in extent since European settlement. The overall significance of the 

site on a local scale can take into consideration factors such as the size of remnants, 

degree of intactness and connectivity. 

 Potentially significant: Often the limitations of field methods, seasonal factors or time 

constraints make it impossible to confirm the presence of a significant species or 

population. However, the habitat of an area being investigated may closely match that 

used by the significant species in areas nearby where it is known to occur (Department 

of Environment and Conservation 2004). In these circumstances, the level of 

significance that would otherwise apply is qualified by “potential”. In addition, some 

species or communities may possess characteristics that make them eligible for listing 

as threatened at either the State or National levels, although the listing has not taken 

place. Again, the level of significance for these species and communities is qualified by 

the term “potential”. 

3.6 Identification of groundwater dependant ecosystems 

Identification of groundwater dependant ecosystems within the study area was done using a 

desk-based methodology based on the New South Wales State Groundwater Dependent 

Ecosystem Policy (Department of Land and Water Conservation 2002). This included the 

following steps. 

Step 1 Identify study area 

The proposed Bickham Coal Mine is located between the New England Highway and the 

Pages River, approximately 13 kilometres south of Murrurundi in the Upper Hunter Shire 

local government area (Figure 3-1). 

The study area was defined as a three kilometre radius around the proposed mine site. 

The study area was also extended to include all land within one kilometre of the Pages 

River, down to Camerons Gorge Nature Reserve to the south-east of the mine (Figure 3-1). 

Step 2 List groundwater dependant ecosystems 

Identification of groundwater dependant ecosystems was based on a desk-based 

assessment, extensive survey work on the proposed mine site itself as part of the general 

environmental assessment process (Parsons Brinckerhoff 2005; Umwelt 2004, see 

Appendix A) and a brief site visit to Camerons Gorge Nature Reserve on the Wednesday 7 

June 2006. 

A range of data sources were used to determine the likely distribution and character of 

remnant ecosystems within the study area. These included: 

 Eastern Forest Database (National Parks and Wildlife Service 1999) 

 the Vegetation of the Central Hunter Valley, New South Wales (Peake 2005) 
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 Baseline ecological assessment for proposed open cut coal mine, "South Bickham" 

(Umwelt 2004) 

 Vegetation community mapping undertaken for the Terrestrial flora and fauna 

assessment of the proposed Bickham Coal Mine (Parsons Brinckerhoff 2005) 

 Riparian Management Plan South Bickham, Pages River Hunter Valley (Hunter Land 

Management 2004). 

The vegetation communities identified (see Section 4.1) were then compared to the range of 

ecosystems types recognised as having potential dependence or interaction with 

groundwater as per the classification developed by  Murray et al. (2003). These ecosystem 

types are: 

 terrestrial vegetation – such as woodland and grassland ecosystems that that show 

seasonal or episodic reliance on groundwater 

 river base flow - which are aquatic and riparian ecosystems in or adjacent to 

streams/rivers dependent on the input of groundwater base flows, especially during dry 

seasons in seasonally dry climates or perennially in arid zones 

 aquifer and cave ecosystems 

 wetland ecosystems dependent on groundwater influx for all or part of the year 

 estuarine and near-shore marine ecosystems 

 ecosystems occurring in association with areas of groundwater discharge (see 

Section 4.2). 

Step 3 Assessment of vulnerability of groundwater dependant ecosystems 

Assessment of ecosystem vulnerability to changes in groundwater availability was done by 

classifying each ecosystem in accordance with the categories of Dependence of 

Ecosystems on Groundwater and its Significance to Australia (Hatton & Evans 1998; Sinclair 

Knight Mertz 2001) (see Section 4.2). These categories are: 

 Ecosystems entirely dependent on groundwater: communities where only slight 

changes in key groundwater attributes below or above a threshold would result in their 

demise. Examples include ecosystems with very narrow ecological ranges for water 

quality or groundwater level or pressure, those dependent entirely on surface or near 

surface discharge of groundwater for survival and aquatic ecosystems whose habitat is 

groundwater or entirely groundwater derived. 

 Ecosystems highly dependent on groundwater: communities where moderate 

changes in groundwater discharge or water tables would result in a substantial change 

in their distribution, composition and/or health. Such ecosystems utilise both 

groundwater and surface and/or soil water. They would be substantially modified (at 

least) if the supply of groundwater ceased. 

 Ecosystems with proportional dependence on groundwater: such ecosystems do 

not exhibit the threshold-type responses of the more highly dependent ecosystems. 

Rather as the relevant groundwater attributes change, there is a proportional response 

in the ecosystem, particularly in terms of distribution. A large number of examples of this 

type of ecosystem were identified by Hatton and Evans (1998), many of them are base-

flow and permanent lake ecosystems.  
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 Ecosystems that may only use groundwater opportunistically or to a very limited 
extent - groundwater appears only to play a significant role in the water balance of such 

ecosystems at the end of a dry season or during extreme drought. In the short term, 

communities may tolerate lack of access to suitable groundwater, however they will 

decline and ultimately collapse if this state is prolonged excessively. 

 Ecosystems with no apparent dependency on groundwater. 

3.7 Impact assessment 

The assessment of the likely importance of the impacts of the proposed mine activity on 

groundwater dependent ecosystems was based on the risk-based assessment used in the 

Environmental Water Requirements of Groundwater Dependent Ecosystems (Sinclair Knight 

Mertz 2001). 

Three factors were considered: 

 risk - the likelihood of a threat to ecosystem function being realised 

 vulnerability - the severity of decline in ecosystem health or function if a threat was 

realised 

 value - the conservation value or uniqueness of an ecosystem. 

Each factor was scored from 1 (low) to 3 (high). Importance ratings (low-high) were based 

on the product of risk, vulnerability and value ratings: 

 low: less than 4 

 moderate: between 5 and 8 

 high: greater than 8. 

 

 



 Bickham Coal Mine 
Water resource assessment – terrestrial ecosystem assessment 

 
 
 
 
 

PARSONS BRINCKERHOFF 2118413A PR_4579 RevE Page 18 
 



 Bickham Coal Mine 
Water resource assessment – terrestrial ecosystem assessment 

 
 
 
 
 

PARSONS BRINCKERHOFF 2118413A PR_4579 RevE Page 19 
 

4. Results 

4.1 Existing environment 

4.1.1 Landscape context 

Most of the water resources study area falls within the Central Hunter Foothills Mitchell 

landscape (NSW National Parks and Wildlife Service 2002), which has been 79% cleared. 

The southern third of the study area falls within the Werris Creek Basalt Hills and Valleys 

landscape, which has been 85% cleared. 

Central Hunter Foothills 

This landscape consists of undulating lowlands, rounded to steep hills with rock outcrop on 

ridges of Permian lithic sandstone, conglomerate, shale and coal. General elevations range 

between 40 and 300 metres with a few higher peaks. Local relief ranges between 30 and 

120 metres. Soils consist of red-brown to yellow brown harsh texture-contrast soils on 

slopes, dark coloured clays in valleys and limited accumulations of sand and gravel in 

streams. Vegetation consists of woodlands to open forest of Eucalyptus maculata (Spotted 

Gum), E. tereticornis (Forest Red Gum), E. crebra (Narrow-leaved Ironbark), E. sideroxylon 

(Mugga), E. albens (White Box), E. dawsonii (Slaty Gum), Angophora floribunda (Rough-

barked Apple) with Themeda spp. (Kangaroo Grass) and Austrodanthonia spp. (Wallaby 

Grass). 

Werris Creek Basalt Hills and Valleys 

This landscape consists of undulating plain with low hills on gently folded lower Permian 

basalt, tuff and tuffaceous sandstone. General elevations range between 500 and 550 

metres, with local relief between 30 and 50 metres. Soils consist of brown and red brown 

gradational structured loam and clay loam merging with black sticky clay along streamlines. 

Profiles thicken down slope and are of moderate fertility. Vegetation consists of White Box 

Grassy Woodland, which was originally widespread but now much cleared. Other species 

include Eucalyptus tereticornis (Forest Red Gum), E. macrorhyncha (Red Stringy Bark) and 

Callitris endlicheri (Black Cypress Pine) on slopes. Eucalyptus camaldulensis (River Red 

Gum) occur along streams. 

Clearing of vegetation within these landscapes has been largely as a result of agricultural 

activities, and has concentrated on the fertile floodplains (Department of Planning 2005), 

resulting in highly fragment remnant vegetation occurring mainly on steep hills and ridges 

(Figures 4-1, 4-2 and 4-3). 

Burning Mountain Nature Reserve occurs within the study area as does Camerons Gorge 

Nature Reserve, which is located downstream along the Pages River (Figure 3-1). 



Broadscale vegetation types and aerial photography

Figure 4-1   Broadscale vegetation types 
                  and aerial photography
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Broadscale vegetation types and elevation

Figure 4-2   Broadscale vegetation
                   types and elevation
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Broadscale vegetation types and soil landscapes

Figure 4-3   Broadscale vegetation types 
                  and soil landscapes
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4.1.2 Vegetation communities and fauna habitats 

A number of vegetation communities occur within the study area and in the surrounding 

landscape. These communities are summarised in Table 4-1 and mapped within the mining 

lease area in Figure 4-4. The communities are described below based on the field survey of 

the mine site and surrounds (Parsons Brinckerhoff 2005). While detailed field survey was not 

done throughout the entire water resource study area, it is likely that these vegetation 

communities and their descriptions are applicable throughout. 

Box Ironbark Redgum Woodland 

This community is an open grassy woodland (Photograph 4-1) consistent with White Box 

Yellow Box Blakely’s Red Gum Woodland, which is listed as Endangered under the 

Threatened Species Conservation Act 1995 and as Critically Endangered under 

the Environment Protection and Biodiversity Conservation Act 1999. 

The canopy is dominated by Eucalyptus blakelyi (Blakely’s Red Gum), Eucalyptus crebra 

(Narrow-leaved Ironbark) and Angophora floribunda (Rough-barked Apple).  Trees within 

this community are generally young with mature trees scattered throughout. 

A tall shrub layer is present but patchy and consists largely of Brachychiton populneus 

(Kurrajong) and Notelaea microcarpa (Native Olive). The community also contains a sparse 

shrub layer and includes Acacia paradoxa, Daviesia genistifolia, Cassinia laevis, Bursaria 

spinosa, Lissanthe strigosa and Eremophila deserti. Species such as Acacia and Cassinia 

are colonising species that typically occur in a site following disturbance and are generally 

replaced by grasses and herbs within 10 to 15 years (NSW National Parks and Wildlife 

Service 2002). 

The ground cover is dominated by native grasses such as Austrostipa verticillata, 

Cymbopogon refractus, Dichelachne micrantha and herbs such as Cheilanthes sieberi, 

Dichondra repens, Calotis lappulacea and Chrysocephalum apiculatum. 

Weeds are generally in low abundance but are scattered throughout and include Sida 

rhombifolia, Senecio madagascariensis, Sporobolus crebra and Verbascum thapsus. This 

vegetation community is in medium condition. 

Fauna habitats in this community are discussed below in conjunction with the other 

woodland vegetation. 

 



Vegetation within the mining lease area

Figure 4-4   Vegetation within the mining lease area
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Table 4-1 Corresponding vegetation communities identified within the study area 

National Parks and 
Wildlife Service (1999) 

Umwelt (2004) Peak (2005) 
Parsons Brinckerhoff 
(2005)  

Parsons Brinckerhoff 
(2006, site inspection 
of Camerons Gorge) 

Corresponding Ecological 
Communities (TSC Act and 
EPBC Act) 

Disturbed Dry Open 
Forest 

- - -  White Box Yellow Box Blakely’s 
Red Gum Woodland (and 
Derived Native Grassland) (TSC 
Act and EPBC Act)1 

Disturbed Forest 
Woodland 

Bickham Ironbark 
Redgum Woodland 

Upper Hunter White 
Box  Ironbark Grassy 
Woodland (MU 11) 

Box Ironbark Redgum 
Woodland 

 White Box Yellow Box Blakely’s  
Red Gum Woodland (and 
Derived Native Grassland) (TSC 
Act and EPBC Act)1 

Bickham Stringybark 
Ironbark Woodland 

Upper Hunter Hills 
Exposed Ironbark 
Woodland (MU 6) 

Stringybark Ironbark 
Woodland 

 - 

Cleared (unmapped) Forest Redgum 
Riparian Woodland 

- Riparian Vegetation - - 

- - - Eucalyptus amplifolia 
and Angophora 
floribunda Woodland 

- 

Pages River Oak Forest - River Oak Forest. River Oak Forest. - 

- - Shrubland  - 

Pastoral Grassland - Pasture Pasture - 

Notes: 1 – listed as Endangered under the Threatened Species Conservation Act 1995 and Critically Endangered under the Environment Protection and Biodiversity 
Conservation Act 1999  
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Photograph 4-1 Box Ironbark Redgum Woodland 

Stringybark Ironbark Woodland 

This community is a shrubby sclerophyll woodland (Photograph 4-2). The canopy is 

dominated by Eucalyptus eugenioides, Eucalyptus crebra and Angophora floribunda. The 

shrub layer is generally dense and consists of Daviesia genistifolia and Cassinia longifolia. 

The ground cover is typically sparse and consists of grasses and herbs such as Aristida 

ramosa, Cymbopogon refractus, Themeda australis, Lomandra longifolia, Lomandra 

multiflora and Stypandra glauca. 

On protected slopes the community includes a tall shrub layer consisting of Notelaea 

micrantha and Brachychiton populneus. 

This vegetation community is in moderate condition. 

Woodland fauna habitats 

The descriptions of the existing condition of fauna habitat for both types of woodland 

communities have been considered together because similar habitat characteristics and 

levels of disturbances encompass both vegetation communities. The woodland communities 

generally occur on steep rocky ridge tops and ridge slopes. 

A majority of vegetation is dominated by a closed canopy cover from tall and mostly 

immature myrtaceous trees with a moderately dense shrub layer and groundcover of forbs, 

herbs and grass tussocks in undisturbed areas. There is a moderate amount of leaf litter and 

dead timber providing foraging and roosting resources for woodland birds and reptiles, and a 

moderate number of tree hollows formed within senescent trees throughout both woodland 

communities. Rocky outcrops, shelves and platforms provide good quality habitat for 

reptiles. 
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Photograph 4-2 Stringybark Ironbark Woodland 

The condition of fauna habitat in both the Box Ironbark Redgum Woodland and Stringybark 

Ironbark Woodland is medium to high. Ridgeline and upper slope communities of the open 

woodlands play an important role in the dispersal and movement of fauna populations 

throughout the study area. These communities also contain microhabitat characteristics that 

provide habitat for a variety of native species of animal including threatened species such as 

the Speckled Warbler. 

Shrubland 

This community is a dense shrubland (Photograph 4-3) dominated by shrubs including 

Notelaea longifolia, Acacia pycnantha, Eremophila deserti, Acacia falcata, Dodonaea 

viscosa., Cassinia longifolia and Breynia oblongifolia. The ground cover consists of a mix of 

native species and introduced pasture species and includes Dianella revoluta, Stypandra 

glauca, Cymbopogon refractus, Cheilanthes sieberi, Lomandra multiflora and Einadia 

trigonos.  

Some sparsely scattered trees are recorded within this area including Eucalyptus 

eugenioides, Angophora floribunda and Eucalyptus crebra. A number of dead trees are also 

present within this community. 

This community has a moderate level of weed invasion and was in medium condition. 

Although the majority of upper canopy has been cleared in this community, the scattered 

Acacia shrub layer provides some nesting, roosting and foraging resources for woodland 

and generalist species of birds, as well as small ground-dwelling and arboreal mammals. 

Relatively young myrtaceous trees provide upper canopy foraging and roosting resources, 

and are sparsely distributed throughout the Shrubland. The groundcover consists of a thin 

layer of leaf litter, with grasses, herbs and forbs sparsely distributed amongst rocky 
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outcrops. There are a small number of tree hollows, dead tree stags and fallen timber 

present. The overall condition of fauna habitat in the shrubland community is low to medium.  

 

Photograph 4-3 Shrubland 

Pasture  

Much of the study area has been cleared previously and now consists of pasture with 

scattered remnant trees (Photograph 4-4). Trees recorded within this area included 

Eucalyptus crebra, Eucalyptus moluccana, Eucalyptus melliodora and Eucalyptus 

tereticornis. 

The ground cover is dominated by disturbance tolerant grasses such as Austrostipa 

verticillata and Aristida ramosa and introduced species such as Eragrostis brownii, 

Sporobolus creber, Setaria gracilis, Verbena bonariensis, Pennisetum clandestinum and 

Carthamus lanatus.  

Regrowth of native species as a result of the cessation of grazing is evident in some areas 

with the growth of eucalypt seedlings and colonising shrubs such as Daviesia genistifolia 

and Acacia species. The condition of the community is low. 

The disturbed pasture community generally lacks microhabitat characteristics such as dense 

over storey cover, shrub layer, ground cover vegetation and tree hollows. The scattered 

remnant trees found within the community may provide roosting and foraging resources for 

common woodland, grassland and generalist species of birds. Remnant trees in paddocks 

can be important in agricultural landscapes for the conservation of fauna in the region as 

they provide habitat for a range of fauna and also help to maintain connectivity between 

larger patches of vegetation, thus contributing to the viability of fauna populations (Gibbons 

& Boak 2000). 

The community generally lacks significant microhabitat characteristics due to clearing and 

grazing practices in the past. Fauna habitats in the pasture community are in low condition. 
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Photograph 4-4 Pasture 

Riparian vegetation (ephemeral drainage lines) 

The pasture community described above contains a number of ephemeral drainage lines 

(Photograph 4-5), with the abundance and diversity of native species within these drainage 

lines generally higher than in the surrounding pasture. The canopy within these areas is 

generally sparse and consists of scattered remnant trees as in the pasture including 

Eucalyptus crebra, Eucalyptus moluccana, Eucalyptus melliodora and Eucalyptus 

tereticornis. 

Native species recorded in these areas include shrubs such as Pimelea linifolia, Bursaria 

spinosa and Notelaea micrantha as well as ground cover species such as Lomandra 

multiflora, Cymbopogon refractus, Cheilanthes sieberi and Acaena novae-zealandiae. 

This community is generally in moderate condition. 

The quality of fauna habitats provided by vegetation in ephemeral drainage lines was 

variable. Some undisturbed areas contained a moderately dense shrub layer with remnant 

trees. Only a small number of hollows were present, with limited dead timber. The condition 

of fauna habitat within the riparian vegetation was low to medium. 
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Photograph 4-5 Riparian vegetation (ephemeral drainage lines) 

River Oak Forest 

River Oak Forest occurs along the banks of Pages River and consists of a canopy of 

Casuarina cunninghamiana with an understorey of grasses and pasture weeds including 

Paspalum distichum, Austrostipa verticillata, Rubus fruticosus and Verbena bonariensis. 

(Photograph 4-6). This community has a high level of weed invasion and is in low condition. 

Fauna habitats in this community have been disturbed as a result of clearing of understorey 

vegetation and weed invasion, and lack high quality microhabitat features for native animals. 

However, the extent of the community along the Pages River (and the property boundary) is 

likely to play an important role in the movement and dispersal of animals throughout the local 

area. Within the Pages River catchment, between 0 and 20% of he original riparian 

vegetation is left intact (Department of Planning 2005). The condition of fauna habitat in the 

River Oak Forest is medium. 
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Photograph 4-6 River Oak Forest 

4.1.3 Vegetation in Cameron’s Gorge Nature Reserve 

No previous mapping of vegetation communities within Cameron’s Gorge Nature Reserve 

was identified during the desk-based assessment. The field assessment of this area 

identified two broad native vegetation communities and these are described below.  

Eucalyptus amplifolia and Angophora floribunda Woodland 

The valley slopes are dominated by Eucalyptus amplifolia and Angophora floribunda 

Woodland. On the southern valley slope this vegetation forms a dry open woodland while on 

the northern valley slope the lower slope is dominated by a Notelaea linifolia understorey 

with a moist ground cover consisting of ferns, grasses and non-vascular plants (lichens and 

mosses). 

The gorge’s valley floor is narrow and dominated by the Pages River. On the river banks 

vegetation is dominated by Casuarina cunninghamiana and a range of herbaceous weeds. 

Within the gorge, alluvial deposition has formed some benches within the valley floor, 

however these areas have been modified by past grazing activities and are largely cleared of 

remnant woodland. 
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4.1.4 Species of plant 

A total of 159 species of plant has been recorded within the mine lease area (Appendix B) of 

which 115 (72%) are native. No threatened species of plant was recorded, however, 

a number of regionally significant species have been recorded within the site (Appendix B). 

Eleven threatened species of plant listed under either the Threatened Species Conservation 

Act 1995 or the Environment Protection and Biodiversity Conservation Act 1999 have been 

recorded or are predicted to occur within the study area (Appendix D). 

4.1.5 Species of animal 

A total of 141 species of animal has been recorded on the mine site, comprising seven 

amphibians, 13 reptiles, 115 birds and 24 mammals (Appendix C). Out of the total number of 

species recorded, five are introduced species of mammal. 

Five threatened species were recorded on the mine site (Appendices C and E), including: 

 Speckled Warbler (Chthonicola sagittata) 

 Large-eared Pied Bat (Chalinolobus dwyeri) 

 Yellow-bellied Sheathtail Bat (Saccolaimus flaviventris) 

 Large-eared Pied Bat (Chalinolobus dwyeri) 

 Large-footed Myotis (Myotis adversus). 

There was an unconfirmed sighting of one other threatened species, the Brush-tailed Rock-

wallaby (Petrogale penicillata). One survey in September 2002 (Umwelt 2004) tentatively 

recorded the threatened Brush-tailed Rock Wallaby on site, but subsequent targeted surveys 

failed to confirm their presence. Macropod scats collected on site were identified by Barbara 

Triggs (Dead Finish, Victoria) but did not include scats of this species. 

In total, 29 species of threatened animal as listed under either the Threatened Species 

Conservation Act 1995 or the Environment Protection and Biodiversity Conservation Act 

1999 have been recorded or predicted to occur within the study area (Appendix E). 

One terrestrial migratory species of animal, the White-bellied Sea Eagle (Haliaeetus 

leucogaster), was recorded on site in 2004 (Parsons Brinckerhoff 2005). The site is not 

however classed as an ‘important habitat’ for migratory species as defined under the EPBC 

Act Principal Significant Impact Guidelines 1.1 (Department of the Environment and Heritage 

2005) because it does not contain: 

 habitat utilised by a migratory species occasionally or periodically within a region that 

supports an ecologically significant proportion of the population of the species 

 habitat utilised by a migratory species which is at the limit of the species range  

 habitat within an area where the species is declining. 

As such there is unlikely to be an impact on migratory species and this group is not 

considered further. 
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4.2 Groundwater dependant ecosystems 

Whether or not ecosystems show some level of groundwater dependence will depend, in 

part, on their location in the landscape relative to the level of groundwater (see Figure 1-1). 

Groundwater within the mining lease area is largely confined within the coal measure 

sequences of the hard rock aquifer system and is located more than 10 metres below the 

ground surface. However groundwater occurs closer to the surface in a number of locations 

including: 

 seepages occurring within the mining lease 

 parts of the alluvial aquifer 

 river baseflows. 

These areas are discussed below. 

4.2.1 Groundwater seepages 

A number of areas of groundwater seepage have been identified within the mine lease area 

(see Figure 4-5, Photographs 4-7 and 4-8 and section B4.10.2 in the Water Resource 

Assessment, Bickham Coal Company 2009). These areas are generally ephemeral with very 

small volumes of water. In almost all cases, water at the seepage when surveyed was saline 

groundwater and in some cases with low pH (see Section B4.10.2 in the Water Resource 

Assessment, Bickham Coal Company 2009). 

The areas of groundwater seepage do not contain separate vegetation communities, but 

rather represent wetter expressions of the surrounding vegetation or else are dominated by 

weeds or disturbance tolerant natives. 

4.2.2 Alluvial aquifer 

To the north of the mine site there are extensive alluvial aquifers (Figure 4-3), yet within the 

area of the mine lease the alluvium is very poorly developed and not continuous (see 

Figure 4-5 and Section B4.3.3 in the Water Resource Assessment, Bickham Coal Company 

2009). The small discontinuous occurrences of stream bank alluvium within the bedrock 

zone adjacent to the mine are not considered part of the alluvial aquifer system, and are not 

hydraulically connected with the more extensive floodplain alluvium upstream of Bickham or 

downstream of Gundy. The alluvium north of the proposed mine pit is poorly developed and 

less than 10 metres deep. Local rainfall is the primary source of recharge to the alluvium and 

the alluvial aquifer system. 



Location of surface or shallow expression of groundwater

Figure 4-5   Location of surface or shallow expression of groundwater
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Photograph 4-7 Seepage area within the mining lease 

 

Photograph 4-8 Seepage area within the mining lease  
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4.2.3 River base flow 

The Pages River base flow is derived from both surface flow and spring fed groundwater. 

Data gathered through monitoring streamflows suggests the river receives flow contributions 

from both the floodplain alluvium and the Permian coal measures within the area of the mine 

lease. The groundwater contribution to base flows in the mine lease area is in the order of 

650-850 kilolitres per day (see section B4.11.7 of the Water Resource Assessment, Bickham 

Coal Company 2009). Groundwater fed springs were identified adjacent to the Pages River 

within the Bickham Mine lease area adjacent to a steep gorge (Photograph 4-9). 

Likewise, the Kingdon Ponds catchment is characterised by groundwater baseflows as a 

major component of streamflows under normal conditions within the main channel. 

 

Photograph 4-9 Small groundwater seepages into surface water accumulations in 
the Pages River 
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Photograph 4-10 Spring above the Pages River  

 

Photograph 4-11 Possible groundwater dependant vegetation extending up river 
bank in close proximity to a spring seeping into Pages River 
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4.2.4 Likely access of groundwater by vegetation communities 

Dependence (or interaction) of the vegetation communities identified in the study area on 

groundwater was determined by aligning them with the groundwater dependant ecosystem 

types identified by Murray et al. (2003) (Table 4-2). The locations of likely groundwater 

dependent ecosystems are shown in Figure 4-6. 

Given the location of much of the remnant vegetation on ridges and hills (e.g. Box Ironbark 

Redgum Woodland and the majority of the pastures), it is unlikely that these communities 

would be groundwater dependent (Table 4-2), but rather use water in the unsaturated 

vadose zone (see Figure 1-1). Although small areas of groundwater seepage do occur within 

these communities (see Figure 4-5), these areas do not contain a different composition of 

species and are considered to be part of the wider vegetation community and thus the wider 

community is not dependent on groundwater as such. Riparian vegetation associated with 

the Pages River and with ephemeral drainage lines is however likely to have some 

dependence on groundwater resources (Table 4-2) since these locations are gaining 

systems, with groundwater contributing to baseflows (Figure 1-1). Aquifer or cave systems, 

wetlands or other potential groundwater dependant ecosystems were not identified within 

the study area from the desk based assessment. 

Table 4-2 Vegetation community dependency on groundwater 

Ecosystem 
Type1 

Vegetation 
Communities2  

Summary of existing knowledge 

Known groundwater 
dependency3 

Ecosystem to be 
assessed for 

potential affects of 
alteration to 
groundwater 

Terrestrial 
ecosystem 

Box Ironbark Redgum 
Woodland 

No apparent dependency 
on groundwater 

No 

Stringybark Ironbark 
Woodland 

No apparent dependency 
on groundwater 

No 

Shrubland No apparent dependency 
on groundwater 

No 

Pasture No apparent dependency 
on groundwater 

No 

River base flow River Oak Forest Proportional dependence 
on groundwater 

Yes 

Riparian Vegetation 
(ephemeral) 

Groundwater 
opportunistically or to a 
very limited extent 

Yes 

Pasture (on alluvium) Groundwater 
opportunistically or to a 
very limited extent 

Yes 

Aquifer and cave 
ecosystems 

- - - 

Wetland 
ecosystems 

- - - 

Other ecosystems - - - 

Notes: 1- Ecosystem Types as per Murray et al  (2003); 2- Vegetation Communities as per Parsons Brinckerhoff 
(2005), 3 - Known Groundwater dependency as per Hatton & Evans (1998) 



Figure 4-6   Possible Groundwater Dependent Ecosystems
                  within the mine lease area

Possible Groundwater Dependent Ecosystems within the mine lease area

Possible Groundwater Dependent Ecosystems
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4.3 Dependency of species on groundwater resources 

One of the threatened species of plant (Philotheca ericifolia) is considered to be 

groundwater dependent (Appendix D). This species has been noted as a ‘moisture loving 

plant” (Department of Environment and Climate Change 2007) and has been recorded in the 

Wingen Maid Nature Reserve. Three further species may be partially dependent on 

groundwater resources, particularly during droughts when surface waters are not available. 

However these species have not been recorded in the mine lease area or the study area. 

It is unlikely that the threatened species of animal recorded or predicted to occur in the study 

area would show complete dependence on groundwater resources or on groundwater 

dependent ecosystems. However many species of animal are known to rely on base river 

flows for drinking water, particularly during times of drought and may use groundwater 

dependent terrestrial and riparian vegetation as a refuge (Sinclair Knight Mertz 2001). 
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5. Potential impacts 
Impacts of the proposed mine on biodiversity and ecological values of the site and surrounds 

is likely to come from a variety of sources including: 

 loss of vegetation communities and fauna habitats 

 loss of hollow-bearing trees and other microhabitat features 

 fragmentation of habitat 

 introduction of new edge effects 

 impacts of vibration, noise and dust 

 direct mortality of individuals 

 introduction and spread of weeds and pest species. 

These and other impacts will be quantified and assessed as part of the overall 

Environmental Assessment for the mine. Of importance to the water resources study are the 

impacts of mining activity on: 

 changes in groundwater levels and flux 

 changes in water quality. 

These impacts are discussed below. 

5.1 Changes in groundwater levels and flux 

The proposed mining at Bickham will result in a lowering of the water table (see section B6.2 

of the Water Resources Assessment, Bickham Coal Company 2009). This will result in a 

drawdown on the water table of up to 10 metres that will be at its maximum extent in year 

25 following the start of mining (see Figure 5-1). The final impact of mining will reach post 

project equilibrium in approximately year 40 and earlier in some areas (see Figure 5-2). At its 

greatest extent, the project is likely to result in a drawdown of approximately 1 metre at the 

Pages River (Figure 5-1) to the north or the proposed mine pit. There is also likely to be a 

similar level of drawdown in the upper reaches of the Kingdon Ponds catchment (Figures 5-1 

and 5-2). 

The lowering of the water table has the potential to lower the groundwater level to below the 

rooting depth of terrestrial vegetation or the depth to which groundwater will discharge 

directly to the surface (see Figure 1-1). This in turn may effectively dry out these ecosystems 

causing changes in species composition. The drying out of groundwater dependent 

ecosystems is likely to result in a series of changes to the health and functioning of the 

ecosystem, such as reduction in recruitment and growth rate, resulting eventually in overall 

changes in the species present in the area and the community structure (see Figure 5-3). 
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Figure 5-1   Groundwater Dependent Ecosystems within the mine
                   lease area and possible drawdown extent - Year 25
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Figure 5-2   Groundwater Dependent Ecosystems within the mine lease area
                         and possible drawdown extent - Year 125 (Post mining equilibrium)
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Figure 5-3 A conceptual model of changes in ecosystem function in relation to 
water restriction 

The influx of groundwater into the mine void could also reduce discharge flux and the 

amount of water available for ecosystems in or associated with base flow streams, including 

riparian vegetation. A reduced potentiometric head accompanying groundwater draw down 

may result in lower hydraulic gradients towards groundwater discharge areas and reduced 

discharge fluxes. The implications for groundwater dependent ecosystems are similar in this 

case to the water table lowering and may result in an overall drying out of the ecosystems. 

Based on monitoring in the Pages River it is estimated that the total groundwater 

contribution to river baseflows from the immediate project area is in the order of 650 to 850 

kilolitres per day under present conditions. This represents less than 1% of the average daily 

flow in the Pages River at the Blandford gauge, about 5 kilometres upstream of “South 

Bickham”. Baseflow contributions to the upper reaches of the Kingdon Ponds catchment is 

believed to be much smaller, as the streams are ephemeral in the upper reaches (see 

Section B4.11.7 of the Water Resource Assessment, Bickham Coal Company 2009).  
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5.2 Water quality 

Through the release of groundwater from the mine site there is potential for water quality 

impacts in the receiving waters, such as the Pages River and Kingdon Ponds. While the 

project has largely been designed in order to contain water within the mine lease area, some 

releases of groundwater may be necessary in order to maintain environmental flows. Water 

quality is discussed in Section B4.7 of the Water Resource Assessment (Bickham Coal 

Company 2009).  

Generally groundwater associated with the Bickham Coal Mine has low salinity and neutral 

pH, which is considered better quality than the water in much of the Hunter region including 

within the catchments of the Pages River and Kingdon Ponds. 

Movement of groundwater within and between aquifers as a result of mining activity is likely 

to maintain the water quality of the groundwater resources (Bickham Coal Company 2009). 

5.3 Possible impacts on groundwater dependent ecosystems 

The importance of the communities and associations likely to show some groundwater 

dependence was determined using a risk-based methodology based on their vulnerability, 

risk and value (see Table 5-1 and Section 3.7). Each of the ecosystems is discussed below. 

Table 5-1 Evaluation of importance of groundwater dependent ecosystems 

Ecosystem 
(community) 

Groundwater 
attribute 

Vulnerability
(score)1 

Risk (score)2 
Value 
(score)3 

Importance 
(score)4 

River Oak 
Forest 

Level, 
pressure, 
quality 

Low 
(1) 

High 
(3) 

Moderate 
(2) 

Moderate 
(6) 

Riparian 
vegetation 
(ephemeral 
drainage 
lines) 

Level, 
pressure, 
quality 

Low 
(1) 

Moderate 
(2) 

Low 
(1) 

Low 
(2) 

Pasture (on 
alluvium) 

Level, 
pressure, 
quality 

Low 
(1) 

Low 
(1) 

Low 
(1) 

Low 
(1) 

Minor 
seepages 

Level, 
pressure, 
quality 

Low 
(1) 

High 
(3) 

Low 
(1) 

Low 
(3) 

Philotheca 
ericifolia 

Level, 
pressure, 
quality 

Moderate 
(2) 

Low 
(1) 

High 
(3) 

Moderate 
(6) 

Terrestrial 
fauna 

Level, 
pressure, 
quality 

Low 
(1) 

Low 
(1) 

Moderate 
(2) 

Low 
(2) 

1: vulnerability - the severity of decline in ecosystem health or function if a threat was realised 2: risk - the likelihood 
of a threat to ecosystem function being realised.  3: value - the conservation value or uniqueness of an ecosystem 4: 
importance = Vulnerability x Risk x Value (see Section 3.7) 
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5.3.1 River Oak Forest 

River Oak Forest is found along the Pages River. Overall the importance of this ecosystem 

is given as moderate (see Table 5-1), largely because of the important role that riparian 

vegetation plays in the landscape for water quality maintenance and connectivity for faunal 

populations (Lynch & Catterall 1999) and because within the Pages River catchment less 

than 20% of the original riparian vegetation remains. The importance rating is also due to the 

high likelihood of an impact. Based on the groundwater modelling (see section B6.2 of the 

Water Resource Assessment), it is likely that the water table level in the area of the River 

Oak Forest north of the proposed mine will drop by approximately 1 metre (see Figure 5-1). 

There is little information on the depth of roots within riparian areas, although it is likely that 

many of the roots of particularly older individuals may be greater than 2 metres (Price & 

Lovett 2002). Quantitative information suggests reduced importance of groundwater to 

vegetation where depths to groundwater exceed 10 metres (Eamus et al. 2006). This 

suggests that there may be little change in vegetation as a result of the drawdown in the 

riparian area, but there is little data on the response of ecosystem function to changes in 

groundwater regimes (Eamus et al. 2006). 

5.3.2 Riparian vegetation (ephemeral drainage lines) 

Riparian vegetation along the ephemeral drainage lines generally occurs higher in the 

catchment than the River Oak Forest and, as such, is likely to have only an opportunistic 

dependence on groundwater resources, if any. This vegetation tends to be degraded and 

largely isolated and does not form part of a broad-scale corridor network. As such the value 

of this riparian vegetation is lower than the River Oak Forest.  

There is a moderate risk associated with the water table lowering. Its vulnerability is 

considered low due to the vegetation’s likely opportunistic nature of the dependency. Overall 

the importance of this ecosystem is considered to be low (Table 5-1). 

5.3.3 Pasture on alluvium 

The alluvial system within the area of potential drawdown is limited to small areas adjacent 

to the Pages River and Kingdon Ponds, although more extensive areas exist both upstream 

and downstream of the mine site along the Pages River and downstream in the Kingdon 

Ponds catchment (Figure 4-3). The areas of alluvium have been extensively used for 

agriculture in the past and currently have low species diversity and high numbers of 

introduced species. As such the value of the pasture on alluvium is considered to be low. 

The recharge of these areas of alluvium are highly dependent on rainfall (see sections 

B4.3.1 and B4.3.3 of the Water Resource Assessment, Bickham Coal Company 2009) and it 

is unlikely that the drawdown of the water table will result in less water being available for 

pasture species.  Test bores within the alluvium north of the proposed mine showed that the 

majority of the depth of the aquifer was dry at the time of sampling, with water being 

recorded only at the deepest points of approximately 10 metres.  
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5.3.4 Minor seepages 

Minor seepages within the mining lease area will be affected by the project, both through 

their direct loss and the resulting equilibrium drawdown levels (see Figure 5-2). These areas 

do not however contain unique species assemblages and are considered to be wetter 

expressions of the surrounding terrestrial ecosystems (e.g. Box Gum Woodland). These 

areas do not have permanent water seepage and the flux will depend on the overall 

groundwater levels, which are seasonally dependent. Despite the likely impacts on these 

areas, the overall vulnerability and value in terms of ecosystem function is low. As a result of 

these characteristics, the importance of these areas is considered to be low. 

5.3.5 Philotheca ericifolia 

Philotheca ericifolia has a high level of importance based on its threatened status and 

moderate dependency on groundwater resources. However this species was not recorded 

within the mine lease area during the environmental assessment. There is only one record of 

this species in the local area (near Wingen) and it is unlikely that this species would be 

significantly affected by the proposed mining activities. 

5.3.6 Terrestrial fauna 

The terrestrial fauna ecosystems within the study area have a moderate value level, largely 

because of the presence of threatened species, such as woodland birds. However these 

species are unlikely to show dependency on groundwater ecosystems and hence their 

vulnerability and risk are low. Therefore the overall importance of these ecosystems is low. 

5.3.7 Camerons Gorge Ecosystem 

Camerons Gorge is located downstream of the proposed mine. There will not be any direct 

drawdown effects on groundwater levels in the area of Camerons Gorge (refer Figures 5-1 

and 5-2). Further the impact of the drawdown on groundwater near the Pages River is 

unlikely to affect flow conditions in the river. Modelling work for the mine plan predicts that 

the maximum baseflow reduction will be 225 kL/day which represents 27% of the total pre-

mining baseflow contribution from reaches close to Bickham, and just 0.2% of the total 

average streamflow. Baseflows will be fully restores post-mining by year 100. Up to year 27, 

any baseflow reduction to the Pages River will be offset by groundwater pumping. Beyond 

year 27, baseflows can be restored as an offset against Bickham’s surface water licence. 

Under these conditions it is unlikely that the proposed mine will have any impacts on the 

ecosystems of Camerons Gorge.  
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6. Mitigation and management 
If impacts relating to water resources do occur, the groundwater ecosystems most likely to 

be affected or at risk would be those associated with the Pages River and upper Kingdon 

Ponds. In particular riparian vegetation in areas where there is likely to be a drawdown in 

water levels (see Figures 5-1 and 5-2) is likely to be affected. 

Impacts associated with mining are likely to be associated with changes in water level and 

flux and may result in drying out of the vegetation. This drying out may cause a series of 

ecosystem functioning changes, eventually resulting in changed or new ecosystems (see 

Figure 5-3). 

The Department of Environment and Climate Change (formerly part of the Department of 

Infrastructure, Planning and Natural Resources) has published guidelines for the 

management of stream aquifer systems in coal mining developments (Department of 

Infrastructure Planning and Natural Resources 2005). Specific objectives for the guidelines 

are: 

1. the protection of riverine integrity, which involves retention of environmental and use 

values, maintenance of the river system within its geomorphic boundaries and of its 

geomorphic character, and protection of dependent ecosystem values 

2. ensuring minimal adverse impact on stream flows, and groundwater availability due to 

mining activities 

3. maintaining water quality within acceptable limits. This includes maintaining groundwater 

quality within its current beneficial use class, and surface water quality within the 

background limits of variability. This includes salinity, pH, and trace metals 

4. ensuring the integrity of the landform and barrier land to alluvial floodplains and river 

systems remains into the post-mining period (Department of Infrastructure Planning and 

Natural Resources 2005). 

If these objectives are met for the Bickham Coal Mine, then its impacts related to 

groundwater dependent ecosystems should be minimal. Management actions relating to 

water resources to meet these objectives are discussed in the Water Resource Management 

Plan (Bickham Coal Company 2009). These actions are likely to be the most important 

factors to consider regarding the overall impacts relating to the ecological values and 

functioning of the study area, since only through major changes or impacts to the water 

level, flux and quality is there likely to be changes to the ecosystem functioning.  

In addition to the monitoring and management proposed directly relating to groundwater and 

surface water, the following measures are recommended relating specifically to ecosystem 

functioning. 

6.1 Buffers 

Sufficient buffers should be provided around groundwater dependent ecosystems. 

The Guidelines for the Management of Stream Aquifer Systems in Coal Mining 

Developments (Department of Infrastructure Planning and Natural Resources 2005) 

recommends buffer distances of at least 150 metres measured from the highwall to any 

stream system. This buffer distance has been met in the proposed project, although it is still 
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likely to result in a drawdown of approximately 1 metre in the water table in riparian areas 

associated with the Pages River and the upper reaches of the Kingdon Ponds catchment 

(see Figure 5-1). Nonetheless, these buffer distances are likely to be sufficient to minimise 

the potential impacts and taking into consideration further proposed mitigation measures to 

rehabilitate riparian vegetation. 

6.2 Rehabilitation of riparian vegetation 

Bickham Coal Company has commissioned the preparation of the Pages River Riparian 

Management Plan (Hunter Land Management 2004). The management plan includes the 

control of weeds within riparian vegetation, exclusion of stock and revegetation with a range 

of native species. To realise its full benefits, the plan should be implemented prior to and 

during operations of the mine. The plan should also be expanded to include areas potentially 

affected by drawdown within the Kingdon Ponds catchment. The plan does not however 

include monitoring of the success of rehabilitation, but recommendations regarding 

rehabilitation monitoring are made in Section 6.3 below.  

Because of the degraded nature of the riparian vegetation within the study area, 

rehabilitation is seen as an opportunity to improve the overall quality of the riparian 

vegetation and its ecological functioning. 

6.3 Monitoring of impacts and success of mitigation 

As a result of uncertainty relating to the impacts on ecological functioning of the riparian 

vegetation because of water table draw-down, it is recommended that monitoring takes 

place. However, implementation of the riparian management plan means that impacts 

associated with the drawdown may be masked by the overall management of the riparian 

areas and the proposed improvements in riparian health.  

It is therefore recommended that an experiment be set up to determine the survival rates of 

seedlings (see Figure 5-2) in the area of drawdown compared with reference sites. It is well 

documented that natural systems experience significant natural spatial and temporal 

variability and to be able to detect environmental impact associated with anthropogenic 

disturbance, sampling designs must be capable of accounting for and explaining this 

variability.  

A logical scientific framework is therefore required to measure impacts as an interaction 

between spatial and temporal components of variation against a variable background. 

Determining baseline conditions in ideal situations of an affected river or creek needs at 

least two reference creeks to be sampled at the same spatial and temporal scales as the 

potentially affected creek. Reference creeks will need to be independent of the affected 

water body.   

Given the nature of the Pages River as the major river in the local area, it is not possible to 

obtain two reference rivers that will be biologically relevant to the project and the possible 

impacts. Therefore it is recommended that sampling locations are established upstream and 

downstream of the area of potential drawdown location. At each of the locations at least two 

randomly nested sites should be established. At each site a plot should be established with a 

known number of seedlings planted. Seedlings should be native and can come from one or 

more species used in the revegetation program (e.g. Casuarina cunninghamiana or Acacia 

implexa.) The growth and survival rate of the seedlings should be measured. Environmental 
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variables should also be measured at the same time including water levels, rainfall, 

temperatures, water quality, soil water-retention capacity and soil stratigraphy, depth to the 

saturated zone and rate of flow to the sites. The design should be implemented at least twice 

prior to drawdown occurring to set baseline conditions and to determine the power of the 

experimental design and then repeated at least twice during the predicted drawdown. 

Within the Kingdon Ponds catchment there is a greater opportunity to obtain independent 

controls. A similar experimental design to that used in the Pages River should be used but 

should include two non affected control drainage lines. 

6.4 Environmental flows 

Although the loss of water from the Pages River and Kingdon ponds as a result of mining 

activity is likely to be small (approximately 1% of base flow), environmental flows will be 

provided to compensate for any loss. Monitoring the draw-down water levels and flows in the 

two catchments during the early stages of mining will allow determination of effective flow 

rates and suitable periods for water release. 
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7. Conclusions 
The majority of the vegetation on and around the site of the proposed Bickham Coal Mine is 

unlikely to be groundwater dependent. The site lies within a highly modified landscape where 

much of the native vegetation is highly fragmented and occurring mainly on hills and ridges. 

Riparian vegetation, particularly along the Pages River is, however, likely to be proportionally 

dependent on groundwater resources that will also provide base-flows in the Pages River 

and the Kingdon Ponds catchment. 

This study has not identified obligate groundwater dependent ecosystems within the study 

area, but has identified riparian vegetation of the Pages River as likely to be proportionally 

dependent on groundwater resources. The importance of this ecosystem has been 

assessed as moderate due to its moderate conservation value (related to the function and 

services of riparian vegetation). This ecosystem is, however, considered to have a low 

vulnerability due to the generally hardy nature of many of the species present (e.g. 

Casuarina cunninghamii) and their ability to withstand drought.  

Although small changes to the water level may result in changes in ecosystem function 

within a small area of the riparian vegetation north of the proposed mine, overall 

management and rehabilitation of the vegetation is likely to result in maintenance or 

improvement in the ecosystem functions. The impacts of the proposal on the Pages River 

and its associated ecosystems (including Camerons Gorge Nature Reserve) are likely to be 

negligible.  
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Appendix A Survey methods  

This appendix details the survey methods used in the site assessment. These surveys were carried out as 

part of the overall assessment of biodiversity values of the site and were completed by: 

 Umwelt (2004) – Baselines ecological assessment for proposed open cut mine, “South Bickham” 

 Parsons Brinckerhoff (2005) - Terrestrial Flora and Fauna Assessment of the Proposed Bickham Coal 

Mine. 

The methods, below detail the survey completed by Parsons Brinckerhoff (2005), which built upon those 

completed by Umwelt (2004). Survey effort from both studies are presented at the end of this appendix. 

A1. Methods 
The site was surveyed over four days between 14 and 17 September 2004. During the field studies the 

weather was mild and fine with temperatures ranging between approximately 15 and 24 degrees celsius. 

All work was carried out under a Department of Environment and Conservation Scientific Licence 

(S10445) and a New South Wales Department of Primary Industries Animal Research Authority 

(AW01/1380). 

A1.1 Personnel 
The names and qualifications of personnel involved in the field studies and report preparation are shown 

in Table A1.  

Table A1 Personnel Involved in the Field Studies 

Name Qualifications Years Experience Role 

Dr. Martin Predavec BSc(Hons), PhD 17 Ecologist / Zoologist 

Selga Harrington BSc (Hons) 8 Ecologist / Botanist 

Alex Fraser BSc (Hons) 5 Ecologist / Zoologist 

A1.2 Taxonomy 
Names of plants used in this document follow Harden (1992; 1993; 2000; 2002)  with updates from 

PlantNet (Royal Botanic Gardens 2007).  Names of vertebrates follow the Census of Australian 

Vertebrates (CAVS) database maintained by the Department of Environment and Water Resources 

(Department of the Environment and Water Resources 2007). 

A1.3 Database searches and literature reviews 
Records of Threatened species of plant and animal were obtained from the Department of Environment 

and Climate Change (formerly the Department of Environment and Conservation) Atlas of New South 

Wales Wildlife (Department of Environment and Conservation 2006, updated 28 August 2007) for an area 

within a 25 kilometre radius of the mining lease area, using the Murrurundi, Muswellbrook and Camberwell 

1:100 000 map sheets. An initial search of the standard distance of 10 kilometres provided five records 

and hence the search area was increased to 25 kilometres. A lack of records does not necessarily imply 

an absence of threatened species, rather it may imply that there has been limited previous surveys carried 

out in the area. 
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Records for threatened species, populations and communities and migratory species listed under the 

Environment Protection and Biodiversity Conservation Act 1999 that could potentially occur in the area 

were obtained from the Department of the Environment and Water Resources Protected Matters Search 

Tool (Department of the Environment and Heritage 2006, updated 28 August 2007), within a 10 kilometre 

radius of the mine lease area (the project locality). 

A1.4 Flora  
The site is within the Central Western Slopes Botanical subdivision. 

Species of plants on site were assessed and recorded primarily using the random meander technique 

(Cropper 1993), in which the recorder walks in a random manner throughout the site, recording all species 

seen.   

The time spent in each vegetation community was generally proportional to the size of the community and 

its species richness. 

The quality of vegetation was assessed using parameters such as intactness, diversity, history of 

disturbance, weed invasion and health. 

Three categories were used to describe the condition of vegetation communities: 

 High: Vegetation still retains the species complement and structural characteristics of the pre-

European equivalent.  Such vegetation has usually changed very little over time and displays 

resilience to weed invasion due to intact ground cover, shrub and canopy layers. 

 Medium: Vegetation generally still retains its structural integrity but has been highly disturbed and has 

lost some component of its original species complement. Weed invasion can be significant in such 

remnants. 

 Low: Vegetation that has lost most of its species and is significantly modified structurally. Often such 

areas now have a discontinuous canopy of the original tree cover, very few shrubs and exotic species, 

such as introduced pasture grasses or weeds, replacing much of the indigenous ground cover. 

Environmental weeds are often co-dominant with the original indigenous species.  It can often be 

difficult to assign a vegetation type to such remnants as they are so species poor. 

A1.4.1 Vegetation quadrats 

Three vegetation quadrats were undertaken within the site as part of the 2005 surveys. Quadrats were 

placed within woodland in locations which were not previously sampled in order to obtain data from 

additional locations and complement previous results. All species within a 20 x 20 metre quadrat were 

recorded and their abundances estimated using a 1-6 cover abundance score. 

A1.4.2 Vegetation mapping 

Vegetation mapping of the site is based on aerial photography, previous mapping (Umwelt 2004) with 

ground truthing of areas within the development footprint as there are no published vegetation community 

descriptions or mapping within the region currently available. Vegetation community names used are 

based on previous mapping of the site, dominant species present and vegetation type. 
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A1.5 Fauna 
The fauna survey of the site was based primarily on the habitats present. While recording threatened 

species within survey results can confirm their presence in an area, a lack of threatened species records 

cannot necessarily be used to argue for the absence of the species from the site when suitable habitat is 

present.  By the very nature of their rarity, threatened species are often difficult to detect. Suitable habitat 

is therefore the most important factor to consider when determining the potential presence of threatened 

species. 

Fauna habitats were assessed by examining characteristics such as native vegetation, ground and litter 

layers, breeding, nesting, feeding and roosting resources, and evidence of fauna. The following criteria 

were used to evaluate the condition of fauna habitat: 

 High: Fauna habitat components are usually all present (for example, old-growth trees, fallen timber, 

feeding and roosting resources) and habitat linkages to other remnant ecosystems in the landscape 

are intact. 

 Medium: Some fauna habitat components are often missing (for example, old-growth trees, fallen 

timber), although linkages with other remnant habitats in the landscape are usually intact, although 

often degraded. 

 Low: Many fauna habitat elements in low quality remnants have been lost, including old-growth trees 

(for example, due to past timber harvesting or land clearing) and fallen timber, and tree canopies are 

often highly fragmented.  Habitat linkages with other remnant ecosystems in the landscape have 

usually been severely compromised by extensive past clearing. 

Species of animal present on the site were recorded opportunistically during the flora surveys, and 

additional targeted surveys were undertaken for threatened species. 

A1.5.1 Targeted surveys 

Call playback surveys 

Call Playback for nocturnal birds was undertaken within the site over two non-consecutive nights. An initial 

listening period of 10 to 15 minutes was undertaken, followed by a spotlight search for 10 minutes to 

detect any animals in the immediate vicinity. The calls of the target species included the Powerful Owl, 

Masked Owl, Sooty Owl and Barking Owl, which were played intermittently for 5 minutes followed by a 

10 minute listening period.  After the calls were played, another 10 minutes of spotlighting and listening 

was conducted in the vicinity to check for birds attracted by the calls but not vocalising. 

Elliott trapping 

Elliott trapping followed the Department of Agriculture’s Director-General’s Policy of Cage Trapping and 

the Animal Research Review Panel’s ‘Animal Care Guidelines for Wildlife Surveys’. Small ground-dwelling 

mammals were targeted using Elliott traps (Type A) positioned on the ground near the base of trees, 

within understorey vegetation, dead wood or rocky outcrops. A plastic bag was placed over the closed end 

of the trap in order to keep any captured animals dry and warm. Each trap was baited with a mixture of 

rolled oats, peanut butter and honey. A total of fifty traps were placed approximately 10 metres apart along 

transects lines at two different sites within the study area. Traps remained open for three nights and were 

checked each morning within two hours of sunrise. All captured animals were identified to species and 

released at the site of capture. 
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Spotlighting 

Arboreal and ground amphibian spotlighting was undertaken on three consecutive nights at sites 

throughout the study area on foot using two handheld 100w spotlights. The speed of survey was 

approximately one kilometre per hour. Any sighted animal was identified to species. 

Anabat recordings 

Anabat Bat detection was used to record and identify the echolocation calls of microchiropteran bats. 

The Anabat bat detectors were attached to a time delay switch with the potential to record bats throughout 

the full night. Recorded calls were analysed by Ray Williams of Ecotone Pty Ltd. 

Incidental/ Indirect observations 

Opportunistic recordings of species were made through observation methods such as incidental sightings, 

identifying bird and frog calls and by sighting indirect evidence of species presence such as scats, 

feathers, tracks and hair. Unconfirmed scats were subject to expert analysis by Barbara Triggs. 

A1.6 Survey Effort 
Survey effort for both the 2004 and 2005 surveys are presented in Table A2. 

Table A2 Survey effort 

Survey method Effort 
 PB (2005) 

Effort 
Umwelt (2004) 

Total Effort 

Flora    

General vegetation surveys 15 person hours  15 person hours 

Vegetation Transects  18 transects 18 transects 

Vegetation quadrats 3 quadrats 9 quadrats 12 quadrats 

Fauna    

Elliott Type A trapping 150 trap nights 240 trap nights 390 trap nights 

Elliott Type B trapping  80 trap nights 80 trap nights 

Cage Traps  24 trap nights 24 trap nights 

Hair funnels  80 trap nights 80 trap nights 

Spotlighting including amphibian searches 14 person hours 33 person hours 47 person hours 

Anabat bat detection 5 nights 1 night plus five 
transects 

6+ nights 

Diurnal bird surveys 5 hours survey 12 x 2 hour surveys 27 hours survey 

Call playback 2 sessions 7 sessions 9 sessions 

General fauna habitat  30 person hours   
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Appendix B Plants recorded in the study area  

This appendix details the plants recorded on site. 

Table B-1 Species of plant recorded in the study area 

Family Scientific Name Common Name Status1 Record 
Type 2 Native3 

Adiantaceae Adiantum aethiopicum Common Maidenhair  S Y 

  Cheilanthes sieberi    S Y 

Anthericaceae Tricoryne elatior Yellow Autumn-lily  S Y 

Apiaceae Daucus carota Wild Carrot  S N 

  Daucus glochidiatus Native Carrot  S Y 

  Foeniculum vulgare Fennel  S N 

  Hydrocotyle laxiflora Stinking Pennywort  S Y 

  Hydrocotyle peduncularis    S Y 

Araliaceae Astrotricha spp.    L Y 

Asclepiadaceae Gomphocarpus fruticosus 
Narrow-leaved Cotton 
Bush 

 
S N 

Asphodelaceae Asphodelus fistulosus Onion Weed  S N 

Asteraceae 
Brachycome multifida var 
dilatata   

R 
L Y 

  Calotis lappulacea Yellow Burr-daisy 
 

L Y 

  Carthamus lanatus Saffron Thistle  S N 

  Cassinia laevis Cough Bush  S Y 

  Cassinia longifolia    S Y 

  Chrysocephalum apiculatum Common Everlasting  S Y 

  Conyza albida Tall Fleabane  S N 

  Conyza spp.    L N 

  Hypochaeris radicata Catsear  S N 

  Lagenifera stipitata Blue Bottle-daisy  S Y 

  Onopordum acanthium    S N 

  Senecio madagascariensis Fireweed  S N 

  Silybum marianum Variegated Thistle  L N 

  Sonchus oleraceus Common Sowthistle  S N 

Boraginaceae Echium plantagineum Patterson's Curse  L N 

Brassicaceae Capsella bursa-pastoris Shepherd's Purse  S N 

Cactaceae Opuntia stricta    S N 

  Opuntia vulgaris Drooping Pear  S N 

Campanulaceae Wahlenbergia communis Tufted Bluebell  S Y 

  Wahlenbergia gracilis 
Sprawling or 
Australian Bluebell 

 
S Y 

Caryophyllaceae Cerastium glomeratum Mouse-ear Chickweed  S N 

  Stellaria flaccida    S Y 

Chenopodiaceae Chenopodium album Fat Hen  S N 
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Family Scientific Name Common Name Status1 Record 
Type 2 Native3 

  Einadia trigonos Fishweed  S Y 

Commelinaceae Tradescantia albiflora Wandering Jew  S N 

Convolvulaceae Dichondra repens Kidney Weed  S Y 

  
Evolvulus alsinoides var 
decumbens   

R 
L Y 

Cupressaceae Callitris endlicheri Black Cypress Pine  S Y 

Cyperaceae Cyperus polystachyos    L Y 

  Cyperus spp.    L Y 

  Fimbristylis dichotoma    L Y 

  Gahnia spp.    S Y 

  Lepidosperma laterale    S Y 

Dilleniaceae Hibbertia aspera    L Y 

Epacridaceae Lissanthe strigosa Peach Heath R S Y 

  Melichrus urceolatus Urn Heath  S Y 

  Woollsia pungens   R L Y 

Euphorbiaceae Breynia oblongifolia Coffee Bush  S Y 

Fabaceae  Acacia binervata Two-veined Hickory  S Y 

  Acacia falcata    S Y 

  Acacia floribunda White Sally R L Y 

  Acacia hakeoides Hakea Wattle  L Y 

  Acacia implexa Hickory Wattle  S Y 

  Acacia longifolia 
Sydney Golden 
Wattle 

 
L Y 

  Acacia paradoxa Kangaroo Thorn  S Y 

 Bossiaea spp.    S Y 

  Daviesia genistifolia Broom Bitter Pea  S Y 

  Daviesia ulicifolia Gorse Bitter Pea  S Y 

  Desmodium varians Slender Tick-trefoil  L Y 

  Glycine clandestina    S Y 

  Glycine microphylla    L Y 

  Hardenbergia violacea False Sarsaparilla  S Y 

  Indigofera australis    S Y 

  Oxylobium ilicifolium Prickly Shaggy Pea  S Y 

  Trifolium subterraneum Subterraneum Clover  S N 

  
Zornia dyctiocarpa var 
dyctiocarpa Zornia 

 
L Y 

Gentianaceae Centaurium erythraea Common Centaury  S N 

Geraniaceae 
Geranium solanderi var 
solanderi   

 
S Y 

Goodeniaceae Brunonia australis Blue Pincushion  L Y 

  Goodenia spp.    L Y 

Iridaceae Romulea rosea    S N 
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Family Scientific Name Common Name Status1 Record 
Type 2 Native3 

Juncaceae Juncus acutus    L N 

  Juncus usitatus    L Y 

Lamiaceae Marrubium vulgare Horehound  S N 

Lobeliaceae Pratia purpurascens Whiteroot  S Y 

Lomandraceae Lomandra multiflora    S Y 

Luzuriagaceae Eustrephus latifolius Wombat Berry  S Y 

  Geitonoplesium cymosum Scrambling Lily  S Y 

Malvaceae Sida rhombifolia Paddy's Lucerne  S N 

Myoporaceae Eremophila deserti Turkeybush  S Y 

Myrtaceae Angophora floribunda Rough-barked Apple  S Y 

  Eucalyptus albens White Box R S Y 

  Eucalyptus blakelyi Blakely's Red Gum  S Y 

  Eucalyptus crebra 
Narrow-leaved 
Ironbark 

 
S Y 

  Eucalyptus eugenioides 
Thin-leaved 
Stringybark 

 
S Y 

  Eucalyptus melliodora Yellow Box  S Y 

  Eucalyptus moluccana Grey Box  S Y 

  Eucalyptus punctata Grey Gum  S Y 

  Eucalyptus sideroxylon Mugga Ironbark R S Y 

  Eucalyptus tereticornis Forest Red Gum  S Y 

Oleaceae Notelaea microcarpa Native Olive R S Y 

  Olea europaea ssp africana    S N 

Orchidaceae Dendrobium spp.    S Y 

Oxalidaceae Oxalis chnoodes    L Y 

  Oxalis perennans    S Y 

Phormiaceae Dianella caerulea    L Y 

  Dianella longifolia    S Y 

  Dianella revoluta    S Y 

  Stypandra glauca Nodding Blue Lily  S Y 

Phytolaccaceae Phytolacca octandra Inkweed  L N 

Pittosporaceae Billardiera scandens Appleberry  S Y 

  Bursaria spinosa Native Blackthorn  S Y 

Plantaginaceae Plantago debilis    S Y 

  Plantago lanceolata Lamb's Tongues  S N 

Poaceae Aristida ramosa   R S Y 

  Aristida spp.    L Y 

  Arundo donax Giant Reed  L N 

  Austrodanthonia racemosa    L Y 

  Avena barbata Bearded Oats  L N 

  Bothriochloa macra Red Grass  S Y 
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Family Scientific Name Common Name Status1 Record 
Type 2 Native3 

  Briza maxima Quaking Grass  S N 

  Chloris gayana Rhodes Grass  S N 

  Cymbopogon refractus Barbed Wire Grass  S Y 

  Cynodon dactylon Common Couch  S Y 

  Dichelachne micrantha Shorthair Plumegrass  S Y 

  Echinopogon caespitosus    S Y 

  Eragrostis brownii Brown's Lovegrass  S Y 

  Microlaena stipoides    S Y 

  Panicum simile Two-colour Panic  S Y 

  Paspalum dilatatum Paspalum  S N 

  Paspalum distichum Water Couch  S Y 

  Pennisetum clandestinum Kikuyu Grass  S N 

  Phragmites australis Common Reed  L Y 

  
Poa labillardierei var 
labillardierei Tussock 

 
S Y 

  Setaria geniculata    L N 

  Setaria gracilis Slender Pigeon Grass  S N 

  Sporobolus creber 
Slender Rat's Tail 
Grass 

 
S Y 

  Stipa verticillata    S Y 

  Themeda australis Kangaroo Grass  S Y 

Primulaceae Anagallis arvensis 
Scarlet/Blue 
Pimpernel 

 
S N 

Proteaceae Persoonia linearis 
Narrow-leaved 
Geebung 

 
S Y 

Ranunculaceae Clematis aristata    S Y 

Rosaceae Acaena novae-zelandiae    S Y 

  Rosa rubiginosa Sweet Briar  S N 

  Rubus fruiticosus Blackberry complex  S N 

  Rubus parvifolius Native Raspberry  S Y 

Rubiaceae Galium aparine Goosegrass  S N 

  Pomax umbellata    S Y 

Santalaceae Exocarpos cupressiformis Native Cherry  L Y 

  Omphacomeria acerba   R L Y 

Sapindaceae Dodonaea viscosa    S Y 

Scrophulariaceae Verbascum thapsus Blanket Weed  S N 

Solanaceae Lycium ferocissimum African Boxthorn  S N 

  Solanum prinophyllum Forest Nightshade  S Y 

Sterculiaceae Brachychiton populneus Kurrajong  S Y 

  Lasiopetalum ferrugineum    L Y 

Thymelaeaceae Pimelea curviflora    S Y 

Urticaceae Urtica incisa Stinging Nettle  S Y 
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Family Scientific Name Common Name Status1 Record 
Type 2 Native3 

Verbenaceae Verbena bonariensis Purpletop  S N 

  Verbena rigida Veined Verbena  S N 

Viscaceae Notothixos cornifolius Kurrajong Mistletoe  S Y 

Xanthorrhoeaceae Xanthorrhoea spp.    S Y 

Notes 

1. R= Regionally significant (Bell et al. 2003),  

2. S= Seen; L=Literature (Umwelt 2004), 3) N= No (introduced); Y=Yes (native). 
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Appendix C Animals recorded in the study area  

This appendix details the animals recorded within the study area  

Table C-1 Species of animal recorded in the study area 

Common Name Latin Name Observation 
Type1  

TSC Act2 EPBC Act3 

Amphibians     

Eastern Dwarf Tree Frog Litoria fallax L   

Green Tree Frog Litoria caerulea L   

Peron's Tree Frog Litoria peronii L   

Common Eastern Froglet Crinia signifera W   

Eastern Banjo Frog Limnodynastes dumerilii W   

Spotted Grass Frog Limnodynastes tasmaniensis W   

Tyler's Toadlet Uperoleia tyleri L   

Reptiles     

Eastern Water Dragon Physignathus lesueurii L   

Nobbi Dragon Amphibolurus nobbi O   

Eastern Long-necked Tortoise Chelodina longicollis K   

Red-bellied Black Snake Pseudechis porphyriacus L   

Yellow-faced Whip Snake Demansia psammophis O   

Robust Velvet Gecko Oedura robusta L   

Thick-tailed Gecko Underwoodisaurus milii L   

Copper-tailed Skink Ctenotus taeniolatus O   

Grass Skink Lampropholis delicata O   

Southern Rainbow Skink Carlia tetradactyla L   

White's Skink Egernia whitii O   

Lace Monitor Varanus varius O   

Native Birds     

Black-shouldered Kite Elanus axillaris O   

Brown Goshawk Accipiter fasciatus O   

Collared Sparrowhawk Accipiter cirrhocephalus L   

Wedge-tailed Eagle Aquila audax O   

Whistling Kite Haliastur sphenurus L   

White-bellied Sea-Eagle Haliaeetus leucogaster O  M 

Australian Owlet-nightjar Aegotheles cristatus O   

Australian Wood Duck Chenonetta jubata O   

Chestnut Teal Anas castanea O   

Grey Teal Anas gracilis O   

Hardhead Aythya australis O   

Pacific Black Duck Anas superciliosa O   

White-faced Heron Egretta novaehollandiae O   

White-necked Heron Ardea pacifica L   

Australian Magpie Gymnorhina tibicen O   
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Common Name Latin Name Observation 
Type1  

TSC Act2 EPBC Act3 

Dusky Woodswallow Artamus cyanopterus O   

Pied Butcherbird Cracticus nigrogularis O   

Pied Currawong Strepera graculina O   

White-browed Woodswallow Artamus superciliosus L   

Galah Cacatua roseicapilla O   

Long-billed Corella Cacatua tenuirostris O   

Sulphur-crested Cockatoo Cacatua galerita O   

Black-faced Cuckoo-shrike Coracina novaehollandiae O   

Cicadabird Coracina tenuirostris L   

Black-fronted Dotterel Elseyornis melanops L   

Masked Lapwing Vanellus miles O   

White-throated Treecreeper Cormobates leucophaeus O   

Bar-shouldered Dove Geopelia humeralis O   

Common Bronzewing Phaps chalcoptera O   

Crested Pigeon Ocyphaps lophotes O   

Australian Raven Corvus coronoides O   

Channel-billed Cuckoo Scythrops novaehollandiae L   

Fan-tailed Cuckoo Cacomantis flabelliformis O   

Pallid Cuckoo Cuculus pallidus O   

Mistletoebird Dicaeum hirundinaceum O   

Grey Fantail Rhipidura fuliginosa O   

Leaden Flycatcher Myiagra rubecula O   

Willie Wagtail Rhipidura leucophrys O   

Australian Hobby Falco longipennis O   

Black Falcon Falco subniger O   

Brown Falcon Falco berigora O   

Nankeen Kestrel Falco cenchroides O   

Laughing Kookaburra Dacelo novaeguineae W   

Sacred Kingfisher Todiramphus sanctus L   

Fairy Martin Hirundo ariel O   

Welcome Swallow Hirundo neoxena O   

Superb Fairy-wren Malurus cyaneus O   

Eastern Spinebill Acanthorhynchus 
tenuirostris 

L   

Fuscous Honeyeater Lichenostomus fuscus O   

Noisy Friarbird Philemon corniculatus O   

Noisy Miner Manorina melanocephala O   

Red Wattlebird Anthochaera carunculata W   

Spiny-cheeked Honeyeater Acanthagenys rufogularis L   

White-cheeked Honeyeater Phylidonyris nigra O   

White-plumed Honeyeater Lichenostomus penicillatus O   
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Type1  

TSC Act2 EPBC Act3 

Yellow-faced Honeyeater Lichenostomus chrysops O   

Rainbow Bee-eater Merops ornatus O  M 

Richard's Pipit Anthus novaeseelandiae O   

Clamorous Reed-Warbler Acrocephalus stentoreus L   

Golden Whistler Pachycephala pectoralis O   

Rufous Whistler Pachycephala rufiventris O   

Brown Thornbill Acanthiza pusilla O   

Buff-rumped Thornbill Acanthiza reguloides O   

Rockwarbler Origma solitaria L   

Speckled Warbler Pyrrholaemus sagittata O V  

Spotted Pardalote Pardalotus punctatus W   

Striated Thornbill Acanthiza lineata L   

Weebill Smicrornis brevirostris L   

White-browed Scrubwren Sericornis frontalis O   

Yellow Thornbill Acanthiza nana O   

Yellow-rumped Thornbill Acanthiza chrysorrhoa O   

Double-barred Finch Taeniopygia bichenovii O   

Red-browed Finch Neochmia temporalis O   

Eastern Yellow Robin Eopsaltria australis O   

Little Black Cormorant Phalacrocorax sulcirostris O   

Little Pied Cormorant Phalacrocorax melanoleucos L   

Tawny Frogmouth Podargus strigoides L   

Australasian Grebe Tachybaptus 
novaehollandiae 

O   

Hoary-headed Grebe Poliocephalus poliocephalus O   

Crimson Rosella Platycercus elegans O   

Eastern Rosella Platycercus eximius O   

Red-rumped Parrot Psephotus haematonotus O   

Satin Bowerbird Ptilonorhynchus violaceus L   

Dusky Moorhen Gallinula tenebrosa L   

Eurasian Coot Fulica atra L   

Purple Swamphen Porphyrio porphyrio L   

Black-winged Stilt Himantopus himantopus L   

Australian White Ibis Threskiornis molucca O   

Straw-necked Ibis Threskiornis spinicollis O   

Silvereye Zosterops lateralis O   

Spotted Turtle-Dove Streptopelia chinensis O U  

Common Myna Acridotheres tristis L U  

Common Starling Sturnus vulgaris L U  

Native Mammals     

Brown Antechinus Antechinus stuartii O   
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Yellow-bellied Sheathtail Bat Saccolaimus flaviventris W V  

Brush-tailed Rock-wallaby Petrogale penicillata T E1 V 

Common Wallaroo Macropus robustus O   

Eastern Grey Kangaroo Macropus giganteus O   

Swamp Wallaby Wallabia bicolor L   

Red-necked Wallaby Macropus rufogriseus P   

Little Freetail Bat Mormopterus loriae W   

Little Mastiff-bat Mormopterus planiceps L   

Mastiff-bat Mormopterus sp O   

White-striped Mastiff-bat Nyctinomus australis L   

Common Brushtail Possum Trichosurus vulpecula O   

Eastern Horseshoe-bat Rhinolophus megaphyllus W   

Short-beaked Echidna Tachyglossus aculeatus O   

Chocolate Wattled Bat Chalinolobus morio W   

Common Bent-wing Bat Miniopterus schreibersii L V C 

Eastern Forest Bat Vespadelus pumilus L   

Gould's Wattled Bat Chalinolobus gouldii W   

Inland Broad-nosed Bat Scotorepens balstoni L   

Large-eared Pied Bat Chalinolobus dwyeri L V V 

Large-footed Myotis Myotis adversus W V  

Little Forest Bat Vespadelus vulturnus W   

Introduced Mammals     

Sheep (feral) Ovis aries L U  

Fox Vulpes vulpes O U  

Horse (feral) Equus caballus L U  

Rabbit Oryctolagus cuniculus O U  

Pig (feral) Sus scrofa L U  

1: O= observed; P= scat; K= dead, W= heard; L= Literature, T=Tentative/ unconfirmed. 

2: V= Vulnerable (Threatened Species Conservation Act 1995)  

3: E= Endangered, M= Migratory, V= Vulnerable (Environment Protection and Biodiversity Conservation Act 1999) 
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Appendix D: Threatened plants in the local area 

This appendix details the Threatened species of plant that have either been recorded in the local area, or that have the potential to occur, based on the 

Department of Environment and Conservation Atlas of NSW Wildlife (Department of Environment and Conservation 2006) and the Environment Protection and 
Biodiversity Conservation Act 1999 Protected Matters Search Tool (Department of the Environment and Heritage 2006). 

Table D-1  Threatened species of plant previously recorded or predicted to occur in the study area 
Scientific Name Common Name TSC Act1 EPBC Act2 ROTAP3 Habitat Likely groundwater 

dependency 

Acacia pubescens  V   Restricted to the Sydney Region from Bilpin to the 
Georges River and also at Woodford where it usually 
grows in open sclerophyll forest and woodland on clay 
soils. Typically it occurs at the intergrade between shales 
and sandstones in gravely soils often with ironstones 
(Harden 2002; NSW National Parks and Wildlife Service 
2003) 

No 

Dichanthium setosum *  V V  Grows in woodland and grassland (Harden 1993). No 

Digitaria porrecta *  E1 E 3E In NSW it occurs in north western slopes and north 
western plains subdivisions where it grows in grows in 
grassland on better soils (Royal Botanic Gardens 2004). 

No 

Diuris pedunculata*  Small Snake Orchid E1 E 2E Occurs chiefly from Port Jackson to Tenterfield where it 
grows in moist grassy areas in sclerophyll forest (Harden 
1993) typically on stony soils on low ridges or moist flats 
(Bishop 2000). 

No 

Diuris tricolor (previously 
D. sheaffiana) * 

 V V 3K Grows in sclerophyll forest among grass (Royal Botanic 
Gardens 2004).  Typically occurs in grassy Callitris 
woodland in sandy soils on flats or small hills (Bishop 
2000). 

No 

Eucalyptus oresbia *  V   Currently known from small areas in the Hanging Rock and 
the Wallabadah areas (NSW Scientific Committee 2002) 
where it grows in wet forest at higher altitudes, on steep 
slopes on various rock types (Royal Botanic Gardens 
2004). 

May be partially 
dependent on 
groundwater. 
Dependence on 
groundwater would 
increase when surface 
water not available (eg 
during drought) 

Philotheca ericifolia  V V 3R Grows chiefly in dry sclerophyll forest and heath on damp 
sandy flats and gullies, in the upper Hunter Valley and 
Pilliga to Peak Hill district (Royal Botanic Gardens 2004). 

Yes 
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Scientific Name Common Name TSC Act1 EPBC Act2 ROTAP3 Habitat Likely groundwater 
dependency 

Pomaderris 
queenslandica * 

 E1   Rare in NSW, this species hasn't been collected since 
1904 with specimens only from Mt Danger and Gloucester 
district (Royal Botanic Gardens 2004). 

May be locally 
dependent 

Prostanthera cineolifera  V V 2K Thought to occur in north coast and central coast botanical 
subdivisions where it apparently grows in sclerophyll forest 
(Royal Botanic Gardens 2005). 

No 

Swainsona sericea  V   Grows in grassland and eucalypt woodland (Royal Botanic 
Gardens 2004). Found in Natural Temperate Grassland 
and Snow Gum Eucalyptus pauciflora Woodland on the 
Monaro. Found in Box-Gum Woodland in the Southern 
Tablelands and South West Slopes. Sometimes found in 
association with cypress-pines Callitris spp. Habitat on 
plains unknown (Royal Botanic Gardens 2005) 

No 

Thesium australe*  V V 3Vi Grows in grassland or woodland often in damp sites.  It is 
a semi-parasitic herb and hosts are likely to be Themeda 
australis and Poa spp.  (Harden 1992). 

May be locally 
dependent 

Notes:  

*Not previously recorded within 30 kilometres of the study area 

1: TSC Act - Threatened Species and Conservation Act 1994. E = Endangered V = Vulnerable 

2. EPBC Act - Environmental Protection and Biodiversity Conservation Act 1999. E = Endangered V = Vulnerable 

3. ROTAP (Rare or Threatened Australian Plants (Briggs & Leigh 1996)) is a conservation rating for Australian plants. Codes are: 

1 Species only known from one collection 
2 Species with a geographic range of less than 100 km in Australia 
3 Species with a geographic range of more than 100 km in Australia 
X Species presumed extinct; no new collections for at least 50 years 
E Endangered species at risk of disappearing from the wild state if present land use and other causal factors    continue to operate 
V Vulnerable species at risk of long-term disappearance through continued depletion.  
R Rare, but not currently considered to be endangered.  
K Poorly known species that are suspected to be threatened 
C Known to be represented within a conserved area 
a At least 1,000 plants are known to occur within a conservation reserve(s).  
i Less than 1,000 plants are known to occur within a conservation reserve(s).  
- The reserved population size is unknown.  
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Appendix E: Threatened animals in the local area 

This appendix details the Threatened species of animal that have either been recorded in the local area, 

or that have the potential to occur, based on the Department of Conservation and Climate Change Atlas of 

NSW Wildlife (Department of Environment and Climate Change 2007a) and the Environment Protection 
and Biodiversity Conservation Act 1999 Protected Matters Search Tool (Department of the Environment 

and Water Resources 2007). 

Table E-1 Threatened species of animal previously recorded or predicted to occur in the study 
area 

Scientific name Common Name TSC 
Act 

EPBC 
Act 

Habitat 

Native Birds     

Calyptorhynchus lathami Glossy Black-
Cockatoo 

V  Occurs in eucalypt woodland and forest with 
Casuarina/Allocasuarina spp. Characteristically 
inhabits forests on sites with low soil nutrient status, 
reflecting the distribution of key Allocasuarina 
species. The drier forest types with intact and less 
rugged landscapes are preferred by the species. 
Nests in tree hollows (Garnett & Crowley 2000; 
NSW National Parks and Wildlife Service 1999a). 

Climacteris picumnus Brown 
Treecreeper 

V  Occurs in eucalypt woodland and adjoining 
vegetation. Feeds on ants, beetles and larvae on 
trees and from fallen timber and leaf litter.  Usually 
nests in hollows (Garnett & Crowley 2000). 

Erythrotriorchis radiatus Red Goshawk E1 VM Lives in coastal and sub-coastal tall open forests 
and woodlands, tropical savannas traversed by 
wooded or forested rivers and along edges of 
rainforest.  Nests are only built in trees taller than 20 
meters which occur within 1 kilometre of a 
watercourse or wetland.  Ha a home range of 200 
square kilometres and hunts for medium to large 
birds in open forests and gallery forest (Garnett & 
Crowley 2000). 

Grantiella picta Painted 
Honeyeater 

V  Lives in dry forests and woodlands. Primary food is 
the mistletoes in the genus Amyema, though it will 
take some nectar and insects. Its breeding 
distribution is dictated by presence of mistletoes 
which are largely restricted to older trees. Less likely 
to be found in strips of remnant box-ironbark 
woodlands, such as occur along roadsides and in 
windbreaks, than in wider blocks (Garnett & Crowley 
2000). 

Haliaeetus leucogaster White-bellied 
Sea-Eagle 

 M Occurs in coastal areas including islands, estuaries, 
inlets, large rivers, inland lakes and reservoirs.  
Builds a huge nest of sticks in tall trees near water, 
on the ground on islands or on remote coastal cliffs 
(Pizzey & Knight 1997). 

Hirundapus caudacutus White-throated 
Needletail 

 M Occurs in airspace over forests, woodlands, 
farmlands, plains, lakes, coasts and towns.  Breeds 
in the northern hemisphere and migrates to 
Australia in October-April (Pizzey & Knight 1997) 

Lathamus discolor Swift Parrot E1 EM Occur in eucalypt forests and woodlands, 
particularly in box-ironbark forests.  Prefer sites with 
flowering Acacia pycnantha or highly fertile soils 
where large trees have high nectar production 
(including drainage lines and isolated trees in rural 
or urban landscapes). Breeding occurs in Tasmania 
(Garnett & Crowley 2000). 
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Scientific name Common Name TSC 
Act 

EPBC 
Act 

Habitat 

Monarcha melanopsis Black-faced 
Monarch 

 M Occurs in rainforests, eucalypt woodlands, coastal 
scrubs, damp gullies in rainforest, eucalypt forest 
and in more open woodland when migrating (Pizzey 
& Knight 1997). 

Myiagra cyanoleuca Satin Flycatcher  M Occurs in heavily vegetated gullies, in forests and 
taller woodlands.  During migration it is found in 
coastal forests, woodlands, mangroves, trees in 
open country and gardens (Pizzey & Knight 1997). 

Ninox connivens Barking Owl V  Occurs in dry sclerophyll woodland. In the south 
west it is often associated with riparian vegetation 
while in the south east it generally occurs on forest 
edges. It nests in large hollows in live eucalypts, 
often near open country.  It feeds on insects in the 
non-breeding season and on birds and mammals in 
the breeding season (Garnett & Crowley 2000). 

Poytelis anthopoplus  Regent Parrot E1 V In NSW, found in red gum forest and mallee 
adjacent to the Murray River and Wakool River, 
downstream of Tooleybuc and Kyalite, respectively. 
Critical foraging habitat includes Mallee woodland 
up to 20km from mature nesting trees that are 
typically close to rivers. Outside the breeding 
season Regent Parrots may be found up to 60 km 
from watercourses (Department of Environment and 
Climate Change 2007b). 

Polytelis swainsonii Superb Parrot V V Mainly found in the Riverina where they nest in 
loose colonies in riparian woodland on River Red 
Gum. On the inland slopes, Superb Parrots both 
forage and feed within box woodland, mostly nesting 
in dead trees (Garnett & Crowley 2000). 

Pomatostomus 
temporalis 

Grey-crowned 
Babbler 

V  Found throughout western slopes and plains, 
southern and central tablelands and occurring in 
Northern Rivers area, mid-north coast and the 
Hunter Valley of NSW. Lives in open forest and 
woodland, acacia shrubland and adjoining farmland. 
Large stick dome nest with spout-like entrance 
(Pizzey & Knight 1997). 

Chthonicola sagittata Speckled 
Warbler 

V  Occurs in a wide range of eucalypt dominated 
vegetation with a grassy understorey and is often 
found on rocky ridges or in gullies.  It feeds on 
seeds and insects and builds domed nests on the 
ground  (Garnett & Crowley 2000). 

Rostratula benghalensis Painted Snipe E1 VM Occurs in shallow, vegetated, temporary or 
infrequently filled wetlands.  Sometimes found 
where there are Eucalyptus camaldulensis (River 
Red Gum), E. populnea (Poplar Box) or 
Muehlenbeckia florulenta (Lignum). Feeds at the 
water's edge and on mudlflats on seeds and 
invertebrates such as insects, worms, molluscs and 
crustaceans.  Males incubate eggs in a shallow 
scrape nest (Garnett & Crowley 2000). 

Stagonopleura guttata Diamond Firetail V  Occurs in a range of eucalypt dominated 
communities with a grassy understorey including 
woodland, forest and mallee.  Most populations 
occur on the inland slopes of the dividing range.  
Feed on seeds, mostly of grasses (Garnett & 
Crowley 2000). 
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Scientific name Common Name TSC 
Act 

EPBC 
Act 

Habitat 

Xanthomyza phrygia Regent 
Honeyeater 

E1 EM Occur mostly in box-ironbark forests and woodland 
and prefer the wet, fertile sites such as along creek 
flats, broad river valleys and foothills.  Riparian 
forests with Casuarina cunninghamiana and 
Amyema cambagei are important for feeding and 
breeding.  Important food trees include Eucalyptus 
sideroxylon (Mugga Ironbark), E. albens (White 
Box), E. melliodora (Yellow Box) and E. leucoxylon 
(Yellow Gum). This species usually lays 2-3 eggs in 
cup nests (Garnett & Crowley 2000). 

Native Mammals     

Chalinolobus dwyeri Large-eared 
Pied Bat 

V V Occurs in moderately wooded habitats and roosts in 
caves, mine tunnels and the abandoned, bottle-
shaped mud nests of Fairy Martins.  Thought to 
forage below the forest canopy for small flying 
insects (Churchill 1998). 

Dasyurus maculatus Spotted-tailed 
Quoll 

V E Occurs in sclerophyll forests and rainforests.  Nests 
in rock caves and hollow logs or trees.  Feeds on a 
variety of prey including birds, terrestrial and 
arboreal mammals, small macropods, reptiles and 
arthropods (NSW National Parks and Wildlife 
Service 1999b). 

Macropus parma Parma Wallaby V  Occurs in NSW from the Watagan Mountains north 
to the Gibraltar Range and lives in wet and dry 
forests and occasionally in rainforests but its 
optimum habitat appears to be wet sclerophyll forest 
with a thick, shrubby understorey associated with 
grassy patches (Strahan 1995). 

Nyctophilus timoriensis 
(South-eastern form) 

Eastern Long-
eared Bat 

V V Roosts in tree hollows and under loose bark in arid 
and semi-arid Australia (Strahan 1995)) and forages 
in the understorey of woodlands and open savanna 
and swamps (Churchill 1998).Common in box, 
ironbark and cypress pine communities on the NSW 
and southern QLD western slopes and plains. May 
also inhabit mallee and bulloke Allocasuarina 
leuhmanni vegetation (Department of Environment 
and Climate Change 2007b).  

Petaurus australis Yellow-bellied 
Glider 

V  Restricted to tall, mature eucalypt forest in high 
rainfall areas of temperate to sub-tropical eastern 
Australia. Feeds on nectar, pollen, the sap of 
eucalypts and sometimes insects. Preferred habitats 
are productive, tall open sclerophyll forests where 
mature trees provide  helter and nesting hollows and 
year round food resources are available from a 
mixture of eucalypt species (NSW National Parks 
and Wildlife Service 1999c, 2003a). 

Petaurus norfolcensis Squirrel Glider V  Found in dry sclerophyll forest and woodland but not 
found in dense coastal ranges.  Nests in hollows 
and feeds on gum of acacias, eucalypt sap and 
invertebrates (NSW National Parks and Wildlife 
Service 1999d). 

Petrogale penicillata Brush-tailed 
Rock-wallaby 

E1 V Occurs in inland and sub-coastal south eastern 
Australia where it inhabits rock slopes.  It has a 
preference for rocks which receive sunlight for a 
considerable part of the day.  Windblown caves, 
rock cracks or tumbled boulders are used for 
shelter. Occur in small groups or ‘colonies’ each 
usually separated by hundreds of metres (NSW 
National Parks and Wildlife Service 2003b). 
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Scientific name Common Name TSC 
Act 

EPBC 
Act 

Habitat 

Phascolarctos cinereus Koala V  Found in sclerophyll forest. Throughout New South 
Wales, Koalas have been observed to feed on the 
leaves of approximately 70 species of eucalypt and 
30 non-eucalypt species. However, in any one area, 
Koalas will feed almost exclusively on a small 
number of preferred species. The preferred tree 
species vary widely on a regional and local basis. 
Some preferred species in NSW include Forest Red 
Gum Eucalyptus tereticornis, Grey Gum E. 
punctata, Monkey Gum E. cypellocarpa and Ribbon 
Gum E. viminalis. In coastal areas, Tallowwood E. 
microcorys and Swamp Mahogany E. robusta are 
important food species, while in inland areas White 
Box E. albens, Bimble Box E. populnea and River 
Red Gum E. camaldulensis are favoured (NSW 
National Parks and Wildlife Service 1999e, 2003c). 

Phascogale tapoatafa Brush-tailed 
Phascogale 

V  Largely arboreal it occurs in a range of habitats 
which have reliable rainfall (500-2000mm), but has 
preference for open dry sclerophyll forest on ridges 
(up to 600 m alt) with little/sparse ground cover. It 
nests in tree hollows and feeds at dusk on 
arthropods and small vertebrates (Strahan 1995). 

Planigale maculata Common 
Planigale 

V  Occurs in a range of habitats from rainforest, 
sclerophyll forest, grasslands, marshlands and 
rocky areas, usually where there is ground cover 
and close to water (Department of Environment and 
Climate Change 2007b) Builds small saucer-shaped 
nests of grass and bark (Strahan 1995). 

Pteropus poliocephalus Grey-headed 
Flying-fox 

V V Occurs in subtropical and temperate rainforests, tall 
sclerophyll forests and woodlands, heaths and 
swamps. Urban gardens and cultivated fruit crops 
also provide habitat for this species. Feeds on the 
flowers and nectar of eucalypts and native fruits 
including lilly pillies. It roosts in the branches of 
large trees in forests or mangroves (Churchill 1998; 
NSW National Parks and Wildlife Service 2001). 

Reptiles     

Underwoodisaurus milii Thick-tailed 
Gecko 

  Nocturnal and terrestrial lizard found in a range of 
habitats including wet coastal heathlands, savannah 
woodlands, arid inland scrubs and rocky hills and 
wet sclerophyll forests. Shelters under litter, rock 
slabs or debris, utilises burrows in inland areas 
(Cogger 2000). 

Notes:  

1. P= Protected, V= Vulnerable, E1 = Endangered, (Threatened Species Conservation Act 1995) 

2. V = Vulnerable, E = Endangered, M = Migratory, C = Conservation Dependent (Environment Protection and Biodiversity 
Conservation Act 1999) 

3. ‘Previously recorded’ refers to records of Threatened species that were identified within the locality from the Atlas of NSW 
Wildlife (Department of Environment and Climate Change 2007a).  

4. ‘Predicted habitat’ refers to records of Threatened species that were identified within the locality from the Protected Matters 
Search Tool (Department of the Environment and Water Resources 2007).  
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