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1. INTRODUCTION 
This Annual Environmental Management Report (AEMR) has been prepared for the Newcastle Coal Infrastructure Group (NCIG) Coal 
Export Terminal project (the Terminal) in accordance with the conditions of the approved Operation Environmental Management 
Plan (OEMP). The OEMP was prepared in accordance with Condition 7.5, within Schedule 2 of the Project Approval (PA) (06_0009) 
which was granted on 13 April 2007.   

This is the twelfth AEMR prepared for the Terminal which includes the tenth year of terminal operation and covers the period July 
2019 to June 2020 (inclusive) (the reporting period).  

The AEMR reviews the performance of the Terminal against the requirements of the Project Approval and provides an overview of 
environmental management actions implemented and summarises monitoring results for the reporting period. The AEMR will be 
distributed to relevant government agencies and stakeholders, and copies provided to other interested parties, if requested.   

1.1  APPROVALS,  LEASES,  L ICENCES AND PERMITS 

Site operations are being undertaken within the approvals, leases, licences and permits presented in Table 1-1.  

Table 1-1: Project Approval, Leases, Licences and Permits 

INSTRUMENT RELEVANT AUTHORITY DATE GRANTED DURATION OF APPROVAL 

PA 06_0009 NSW Department of Planning 
and Environment (now 
Department of Planning, 
Industry and Environment 
(DPIE)) 

13 April 2007 5 years unless substantially 
commenced 

Modification of Minister’s 
Approval MP06_0009 

DPIE 27 November 2007 N/A (conditions appended to 
the PA) 

Modification of Minister’s 
Approval MP06_0009 MOD2 

DPIE 13 May 2013 N/A (conditions appended to 
the PA) 

Modification of Minister’s 
Approval MP06_0009 MOD3 

DPIE Submitted April 2020 and 
approved 21 August 2020 
(granted outside this 
reporting period)  

N/A (conditions appended to 
the PA) 

Project Lease State Property Authority 22 January 2008 35 years (until 21 January 
2043) 

Environmental Protection 
Licence (EPL) (No. 12693) 

NSW Environment Protection 
Authority (EPA) 

26 October 2007 Until the Licence is 
surrendered or revoked. The 
Licence is subject to review 
every 5 years.  

Environment Protection and 
Biodiversity Conservation 
Act 1999 Particular Manner 
Decision (EPBC 2006/2987) 

Commonwealth Department 
of the Environment and 
Energy (DoEE) 

11 October 2006 Perpetuity  

Maritime Services Act 1935 
s13JE 

NSW Roads and Maritime 
Services (now Transport for 
NSW) 

02 October 2007 Perpetuity  

Environmental 
Representative  

DPIE 03 October 2007 Perpetuity  

Project Ecologist DPIE 02 May 2007 & 

25 October 2007 

Perpetuity  

Licence for Minor Operations 
– Green and Golden Bell Frog 
Compensatory Habitat 

NP&WS 31 March 2014 5 years (currently in process 
of renewal) 

Determination Notice for 
External Proponents – Green 
and Golden Bell Frog 
Compensatory Habitat (Ref 
No. CCHR 1317_17) 

NP&WS 7 March 2013 Perpetuity 
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INSTRUMENT RELEVANT AUTHORITY DATE GRANTED DURATION OF APPROVAL 

Deed for the provision of 
compensatory habitat for 
migratory shorebirds on 
Kooragang Island (Area E) 

(the Minister for) NP&WS 22 February 2016 Cessation of NCIG Coal Export 
Terminal (CET), surrender of 
PA 06_0009 or expiry of the 
lease  

Determination (NP&WS) – 
Shorebird Compensatory 
Habitat project at Fish Fry 
Flats (Appl No. CCHR 
1415_21) 

NP&WS 28 June 2015 Perpetuity 

Licence for Minor Operations 
– Shorebird Habitat 
Compensation Area E, 
Kooragang Island 

NP&WS 15 December 2015 Up to 35 years (until 14 
December 2050) 

1.2  MANAGEMENT PLANS AND MONITORING PROGRAMS 

In accordance with the PA 06_0009, the Terminal is currently being operated consistent with the following approved environmental 
management plans and monitoring programs: 

Operations Management Plans 

 Operation Environmental Management Plan (OEMP)  
 Operation Dust and Air Quality Management Plan (ODAQMP)  
 Operation Noise Management Plan (ONMP)  
 Operation Spontaneous Combustion Management Plan (OSCMP)  
 Operation Water Management Plan (OWMP)  

 
Other Management Plans and Programs 

 Ecological and Land Management Plan (ELMP)  
 Waste Management Plan (WMP)  
 Spill and Pollution Incident Response Management Plan (SPIRMP)  
 Compensatory Habitat and Ecological Monitoring Program (CHEMP) 
 Compensatory Habitat Management Plan 
 Monitoring, Evaluation, Reporting and Improvement (MERI) Plan for the Migratory Shorebird Habitat Establishment 
 Compliance Tracking Program 
 Coordinated Environmental Monitoring and Management Protocol (with Port Waratah Coal Services (PWCS)) 
 Materials Transport Procedure 
 Biosecurity Incident Response Procedure (BIRP) 
 Community Engagement Plan 

Monitoring Programs 

 Environmental Monitoring Program (contained within the OEMP) 
 Green and Golden Bell Frog Monitoring Program (contained in the ELMP) 
 Deep Pond Bird Monitoring Program (contained in the ELMP) 

1.3  TERMINAL BACKGROUND 

The Terminal is located on Kooragang Island in Newcastle, New South Wales (NSW) (Figure 1-1). 

NCIG operates the coal export terminal with approval to export up to 66 million tonnes per annum (Mtpa), including associated rail 
and coal handling infrastructure and wharf/ship loading facilities on the south arm of the Hunter River. All construction activities 
associated with PA 06_0009 have been completed and this AEMR reports against operations.  

NCIG operates the Terminal and is a consortium of the following five companies: 

 BHP 
 Yancoal Australia 
 Whitehaven Coal 
 Peabody Energy Corporation 
 Banpu Public Company Limited 
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Photo 2-4: Aerial Photograph of NCIG Terminal (October 2019)
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MONITORING FOCUS MONITORING SITES FREQUENCY CRITERIA 

Manganese, Mercury, 
Molybdenum, 

Nickel, Selenium, Zinc, Total 
Recoverable 

Hydrocarbons C6-C9, Total 
Recoverable 

Hydrocarbons C10-C14, Total 

Recoverable Hydrocarbons C15-
C28, 

Total Recoverable Hydrocarbons 
C29- 

C36, Anthracene, Benzo (a) pyrene, 

Fluoranthene, Naphthalene, 

Phenanthrene, Ammonia, Nitrate, 
Total 

Kjeldahl nitrogen, Total 
phosphorus, 

Chloride 

GROUNDWATER 

Aluminium, Arsenic, Bromine, 
Cadmium, 

Conductivity, Copper, Cyanide, 
Iron, 

Manganese, Nickel, pH. Total PAHs, 
TPH 

C6-9, TPH C10-14, TPH C15-28, TPH 
C29- 

36, Zinc. 

Groundwater sampling sites 6-monthly See Section 
4.5.2 

Groundwater level 6-monthly 

ECOLOGY 

Green and Golden Bell Frog 
Population 

Water bodies around the NCIG rail site Minimum of 3 times during the 
breeding season 

See Section 
4.7.2 

Water birds, including migratory 
shore birds 

Water bodies around the NCIG site Monthly 

WASTE 

Waste and recycling volumes All operational waste streams Monthly  See Section 
4.8.2 

RESOURCES    

Water usage Potable water use and captured water 
use 

Weekly Reported 
within the 
2020 
Sustainability 
Report  

Electricity usage Terminal site Monthly 

Fuel and vehicle usage Terminal site (includes NCIG and 
Contractor vehicles, other plant and 
equipment) 

Monthly 

1Dust deposition is analysed in accordance with AS/NZS 3580.10.1-2003 Methods for Sampling and Analysis of Ambient Air- Determination of Particulate Matter – 
Deposited Matter – Gravimetric Method. 
2PM10 is monitored in accordance with the Approved Methods for the Sampling and Analysis of Air Pollutants in New South Wales (EPA,2001). 
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Figure 4-1: Environmental Monitoring Sites 
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4.2  METEOROLOGY 

4.2.1 Environmental Management 
In accordance with Condition 2.8, Schedule 2 of PA 06_0009, an onsite automated meteorological monitoring station was operated 
during the reporting period to monitor weather conditions representative of the site.  

The automated meteorological monitoring station allows parameters such as wind direction to be used in the control of stockyard 
sprays. This includes activation of sprays based on evaporation of surface moisture from the coal stockpiles and deactivation of sprays 
under wind conditions where sprays would otherwise be ineffective in reaching coal stockpiles. NCIG also receives additional forecast 
data for rainfall, with forecast data provided seven days in advance. This information is used to assist with surface water management.  

4.2.2 Environmental Performance 
Table 4-2 describes the meteorological parameters recorded and frequency of monitoring for the Terminal operations in accordance 
with the OEMP. The location of the monitoring site in shown on Figure 4-1. 

Table 4-2: Summary of Meteorological Monitoring Program 

Monitoring Parameter Monitoring Sites Frequency Criteria 

 Temperature 
 Relative humidity 
 Net solar radiation 
 Rainfall 
 Wind speed and direction 
 Sigma theta1 

Project automated 
meteorological station 

Continuously monitored and 
the data averaged over 15-
minute periods. 

N/A 

1 Sigma theta is the standard deviation of wind direction. The variability of wind direction can be used as an indicator or turbulence and mixing of the air. 

 

4.2.3 Monitoring summary 
Monthly statistical information for rainfall is detailed in Table 4-3. A total of 812.6 mm of rain was received on the site during the 
reporting period with the highest rainfall recorded in February 2020. The lowest rainfall was recorded in December 2019 with less 
than one millimetre recorded.  

Table 4-3: Rainfall Statistics by Month 

Month Total rainfall (mm)* Daily average (mm) Daily maximum (mm) 

July 2019 22.2 (72.6) 0.7 5.2 

August 2019 109.6 (72.8) 3.5 63.4 

September 2019 47.8 (60.1) 1.6 27.4 

October 2019 29.2 (73.5) 0.9 14.8 

November 2019 41.6 (81.9) 1.4 16.2 

December 2019 0.4 (77.5) 0.01 0.4 

January 2020 47.8 (98.3) 1.5 16.2 

February 2020 182.6 (117.8) 6.3 85.0 

March 2020 135.0 (120.7) 4.4 48.6 

April 2020 45.4 (109.8) 1.5 21.0 

May 2020 74.0 (108.6) 2.4 23.8 

June 2020 77.0 (124.6) 2.6 19.8 

Annual  812.6 (1118.2) 2.2 85.0 

*Data shown in brackets refers to the mean monthly rainfall Williamtown data (1942 – 2019) – sourced from the Bureau of Meteorology (BOM). The Williamtown BOM station (station number 061078) 

is the closest BOM weather station and is located less than 11 km to the north east of the Terminal. 

 Figure 4-2 illustrates prevailing wind conditions throughout the reporting period, where the length of each spoke represents the 
frequency of winds from that direction. Wind speed and direction inform the scale of dust management measures implemented at 
the site. Winds prevail from the northwest during spring, autumn and winter. 







https://www.epa.nsw.gov.au/-/media/epa/corporate-site/resources/air/07001amsaap.pdf
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4.4.4 Further Improvements 
The Discharge Water Management Project has been a work in progress over the last few years. The project aims to improve the water 
quality of NCIG’s settling ponds, and potential discharge water during heavy rain events which exceed the design capacity of NCIG’s 
system. Within this reporting period the planned upgrade to existing wharf infrastructure was successfully completed. Additionally, 
an engineering investigation and options review of the site-wide water management solution was completed. The review identified 
improvement opportunities in onsite operational and maintenance practices and considered major capital infrastructure works. The 
improvements remain as viable options for discharge water management should the need arise.   

NCIG continued to explore the option of using imported recycled water for dust suppression and other process water uses. During 
the reporting period, discussions were held with a local recycled water provider to determine its viability. Further investigations into 
the feasibility and justification of the initiative will occur in FY21. NCIG are investigating this process water supply option to reduce 
its reliance on potable water use during prolonged periods of dry weather conditions at the site. 
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4.7  ECOLOGY 

4.7.1 Environmental Management 
4.7.1.1 Kooragang Island Green and Golden Bell Frog Management  

The Green and Golden Bell Frog (Litoria aurea) (GGBF) is listed as Endangered under the NSW Biodiversity Conservation Act 2016 (BC 
Act) and Vulnerable under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). Known and potential GGBF 
habitat is located across the Terminal site and surrounds and, as such, NCIG has various commitments to monitoring, management 
and offsetting of impacts to the GGBF.  

A management plan for the relocation of GGBF individuals was prepared in accordance with Condition 2.16, Schedule 2 of 
PA 06_0009. The GGBFMP was developed in consultation with the Department of Environment and Climate Change (DECC) (now 
DoEE) and the Regional Land Management Corporation (now the Hunter and Central Coast Development Corporation (HCCDC)). This 
plan has now been incorporated into the site ELMP. 

In June 2017, a Memorandum of Understanding (MOU) on the GGBF on Kooragang Island was executed between the former NSW 
Office of Environment and Heritage and NCIG, PWCS, HCCDC, BHP Billiton and University of Newcastle (UoN). The MOU was 
developed under the NSW Government’s Saving our Species conservation program, which aims to maximise the number of 
threatened species that can survive in the wild in NSW for 100 years. Kooragang Island is one of seven management sites identified 
by NSW Biodiversity Conservation Division (BCD) for conservation activities to protect the GGBF. The MOU was developed to assist 
with data sharing from GGBF population and habitat monitoring programs completed by UoN for different stakeholders.  

Monitoring and characterisation of the GGBF population on Kooragang Island, in and surrounding the industrial part of the island has 
been completed for the ninth year by the Conservation Biology Research Group, UoN. This work is being co-funded by NCIG, BHP, 
PWCS, PoN and HCCDC. Monitoring continued throughout the summer season and the annual report was finalised in December 2020, 
including population estimates for the island. A copy of the report is included in Appendix 6.  

The objectives of the monitoring on Kooragang Island are to: 

 Calculate a robust evaluation of total GGBF population size within Kooragang Island Management Zone. 
 Determine the demographic composition of these populations, specifically the ratio of adults to sexually immature juveniles 

and the ratio of males to females. 
 Define the spatial distribution of the GGBF population, including assessing where individuals are concentrated and evidence of 

movement between wetlands and across infrastructure barriers. 

4.7.1.2 Compensatory Habitat and Ecological Monitoring Program 
In accordance with Condition 2.20, Schedule 2 of PA 06_0009 NCIG developed and submitted for approval a CHEMP, which details 
how habitat and ecological values lost as a result of the project will be offset, and how ecological monitoring will be undertaken to 
inform ongoing ecological management. The CHEMP includes compensatory habitat for both the GGBF and migratory shorebirds. 
CHEMP monitoring reports are attached in Appendix 7 for the reporting period. These include: 

1. Kooragang Island GGBF Population monitoring, including the quarterly reporting undertaken by UoN (Conservation Biology 
Group): Green and Golden Bell Frog Research and Monitoring Program on Ash Island; 

2. NCIG GGBF Compensatory habitat monitoring and management; and  
3. NCIG Shorebird Compensatory habitat monitoring and management.  

The objective of the shorebird compensatory habitat is to provide additional habitat for migratory shorebirds in accordance with PA 
06_0009 and the subsequent Shorebird Compensatory Habitat Review of Environmental Factors (NCIG, 2014). NCIG is required to 
establish shorebird compensatory habitat for 4 ha of shorebird habitat clearance associated with the northern rail spur and rail 
flyover modification. NCIG has achieved this through mangrove removal and saltmarsh habitat restoration within an area on 
Kooragang Island known as Fish Fry Flats or Area E for reporting purposes (refer Figure 4-9). 
 

4.7.2 Environmental Performance 
4.7.2.1 Kooragang Island Green and Golden Bell Frog UoN Research Program 

Two methods were used to estimate the population per surveyed pond, namely Visual Encounter Surveys (VES) and Capture-Mark-
Recapture Surveys (CMR). Both these methods utilise recording of morphometrics of individuals surveyed, location and 
environmental conditions where individual locations were found and micro-chipping using Passive Induction Transponder (PIT) tags. 
Both surveys were conducted at night using survey teams of two to six people. A full methodology is provided in Appendix 6. 

A total of 60 wetlands were surveyed during the 2019/2020 breeding season, as shown in Figure 4-5. Four principal rounds of surveys 
were completed: Round 1 in September 2019; Round 2 in December 2019; Round 3 in February 2020; and Round 4 in March 2020. 
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Area Characteristic Summary of Findings 

Northern zone of 

island 

This has long been the zone with the lowest abundance of GGBF, but numbers improved markedly in 

the 2019-2020 season, due mainly to increased occupancy at the NCIG CHEMP wetlands. 

Specific 

Strategies 

Relevant to 

NCIG 

Rail infrastructure 

mitigation 

strategy  

Significant movements between northern and southern Industrial Zones were detected in the 2019-

202 season. Movement was also detected which would require GGBF to go over or under rail lines. 

These findings indicate that rail does not constitute an impassable obstacle for GGBF and the rail 

infrastructure on Kooragang Island is not expected to lead to fragmentation of the population, 

especially where connectivity across the landscape is maintained or improved through well-designed 

constructed wetlands. 

 Constructed 
wetland strategy 

The NCIG CHEMP wetlands have not initially shown the success rates of the cluster ponds, HDC 

wetlands and BHP CHEMP wetlands. However, the 2018-2019 data showed an increase in occupancy 

and this was also reaffirmed with the 2019-2020 season. In addition, the detection of a juvenile within 

the NCIG CHEMP wetlands suggest that a breeding event occurred in the north. 

Other Issues Fire The grass fire in the January 2019 was not fully extinguished until September 2019 along Bellfrog Way, 

restricting access to some areas until October 2019.  

Drought 

conditions 

Drier than average conditions have been experienced on Kooragang Island over the past four seasons.  

The lower than average rainfall experienced in the 2019/2020 season resulted in many wetlands being 

void of water during the early to mid-Summer period, including many that have historically been 

characterised as ‘permanent’. Late summer rainfall in February 2020 recharged the wetland system 

and sparked a large breeding event. Further investigation is required into the impact of extended dry 

periods on the GGBF population.  

 
4.7.2.2 NCIG Green and Golden Bell Frog Compensatory Habitat Monitoring and Management 

The Green and Golden Bell Frog Research and Monitoring Program on Ash Island was undertaken by the UoN (Conservation Biology 
Group) over the 2019/2020 season. Five rounds of surveys were conducted within the NCIG CHEMP constructed habitats during 
September 2019 and April 2020. A total of 99 GGBF were observed across 10 of 55 constructed ponds in the NCIG Compensatory 
Habitat during the survey period. One breeding event was confirmed within the CHEMP habitat. The small number of juveniles 
observed through the CHEMP system is evidence of continued low breeding activity across the NCIG CHEMP habitats (refer to 
Appendix 7). Within the previous reporting period physical macrophyte removal was undertaken to increase open water towards the 
30 – 60% target under the CHEMP. Data analysis post macrophyte removal indicates the return of GGBF to the disturbed waterbodies 
however further investigation and research is required to develop an understanding of the benefits and/or impacts of adaptive 
management measures to optimise GGBF population density within the system.   

4.7.2.3 NCIG Shorebird Compensatory Habitat Monitoring and Management 
Area E Shorebird Monitoring  

Monthly monitoring of migratory shorebirds and other waterbird species is conducted on the NCIG site and has been occurring since 
February 2017. This is completed primarily in the ponds around the NCIG rail facility, such as Deep Pond, Swan Pond and Wader Pond, 
refer to Figure 4-6. These surveys are conducted to monitor the effectiveness of the compensatory habitat program and to take 
appropriate management action to encourage colonisation on these species. 













mailto:enquiries@ncig.com.au
http://www.ncig.com.au/


https://www.ncig.com.au/community/community-engagement
https://www.ncig.com.au/business/corporate-sustainability
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Table 4-16: Community Liaison Summary 

4.9.3 Reportable Incidents 
No incidents were reported relating to community relations during the reporting period. Complaints received during the period are 
detailed in the section above. 

4.9.4 Further Improvements 
NCIG will prioritise projects or programs that fall under one of the NCIG community investment focus areas of community, 
environment, health and education – with applicants assessed on how well they align to these values and how they translate into a 
project that benefits the broader community. 

NCIG will continue the Community Support Program and Community Partnership Program.  

4.10  GENERAL OPERATIONAL MATTERS 

4.10.1 Heritage 
As the terminal is in operational mode and no further ground disturbance is required it is highly unlikely any Aboriginal heritage 
objects of significance would be present at the site (DEC, pers, comm, 15 February 2007). Induction training attended by all NCIG 
personnel continues to include information relating to Aboriginal heritage and the potential identification of items of archaeological 
significance. 

  

DATE TYPE 

2019 NCIG Newsletter Edition 1 2019 

September 2019 Community Support Program – submissions called, 16 successful, CEG Meeting 

2019 NCIG Newsletter Edition 2 2019 

January 2020 CEG meeting 

May 2020 Community Newsletter Edition 1 2020 

March 2020 Community Support Program – 12 recipients 

May 2020 CEG meeting 

Autumn 2019 Community Newsletter Edition 2 2020 



 

 A N N U A L  E N V I R O N M E N T A L  M A N A G E M E N T  R E P O R T  |  2 0 1 9 - 2 0 2 0  
 4 1    

5. COMPLIANCE AUDITS 
Audits were undertaken in relation to NCIG activities which considered the compliance status of the Terminal operations for the 
reporting period. These reviews were conducted to meet the requirements of Condition 5.1 of development Approval 06_0009 (a): 

5.1 The Proponent shall develop and implement a Compliance Tracking Program to track compliance with the requirements of 
this approval. The Program shall include, but not necessarily limited to: 
a) provisions for periodic review of the compliance status of the project against the requirements of this approval; 
c) a program for independent auditing at least annually, or as otherwise agreed by the Director-General, in accordance with 
ISO19011:2002, Guidelines for Quality and/or Environmental Management Systems Auditing. 

The details and outcomes of the audits conducted are illustrated below. 

5.1  COMPLIANCE TRACKING PROGRAM UPDATED APRIL 2020 

A Compliance Tracking Program was set up for the NCIG CET in accordance with Condition 5.1, Schedule 2 of PA 06_0009. The 
Compliance Tracking Program was updated in April 2020. The Compliance Tracking Program indicated that project compliance has 
been achieved for each condition of the Project Approval with the exception of one item as described in Table 5-1.  

Table 5-1: Compliance Status Summary  

REF CONDITION COMPLIANCE DETAILS COMPLIANCE STATUS 

2.41 Except as may be expressly 
provided under the provision of 
an Environment Protection 
Licence for the project, the 
Proponent shall comply with 
section 120 of the Protection of 
the Environment Operations Act 
1997 which prohibits the pollution 
of waters 

As identified in Section 4.4.3, two incidents 
occurred during the reporting period which 
resulted in water pollution in the Hunter 
River. It is noted that both incidents were 
assessed as minor and did not cause actual 
or potential significant off-site impacts on 
people or the biophysical environment (as 
outlined in Condition 8.1 of PA 06_0009), 
nor were the incidents considered to have 
resulted in ‘material harm to the 
environment’ as defined under the 
Protection of the Environment Operations 
Act 1997. 

 

NCIG received a Formal Warning from the 
EPA in regard to the incident in November 
2019. 

As noted, both incidents were 
reported to the EPA and an internal 
investigation was undertaken. The 
resulting action of each incident is 
provided below: 

Incident occurring 10 July 2019 

Key learning: meteorological 
conditions need to be considered 
before performing maintenance tasks 

A HSEC Alert was provided to the 
business, providing detail of the 
incident, corrective measures and the 
importance of recognising and 
managing impacts to the 
environment.  

Training/toolbox updates were 
provided to staff and contractors 

Incident occurring 21 November 2019 

Key learning: additional focus is to be 
placed on wheel guards during 
monthly inspections and on daily walk 
arounds 

The damaged infrastructure was 
repaired, and the Shiploader 
hydrocarbon risk assessment was 
reviewed. 

A pollution response Drill included a 
harbour related spill scenario to test 
the preparedness of NCIG to response 
to a large pollution incident. 

There are no outstanding actions for 
the incidents or the non-compliance. 

 
 

5.2  INDEPENDENT ENVIRONMENTAL AUDIT 

An IEA will be conducted on a 3-yearly basis (as agreed by the Director-General’s delegate in a letter dated 14 July 2016) in accordance 
with Conditions 5.1(c), Schedule 2 of PA 06_0009. The IEA will be conducted by a suitability qualified independent person and in 
accordance with ISO 19001:2002 Guidelines for Quality and/or Environmental Management Systems Auditing. 
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Analysis Units Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 
Total Dissolved Solids mg/L   1033 409 576 771 614 753 1715 1207 601 

Total Suspended Solids mg/L   <5 <5 35 23 15 <5 87 32 36 

Redox** mV   164 12 208 189 78 166 65 105 195 

Dissolved Oxygen %   102 94 29 24 38 22 8 38 49 

Dissolved Oxygen  mg/L   8.8 8 3 2 4 2 <1 3 4.4 

Temperature °C   23.0 17.0 14.0 14.0 15.0 14.0 19.0 19.0 19.0 

SW3 Pond 
Sample Number - Dry  032010481a034 042010481a008 052010481a008 062010481a006 072010481a006 082010481a0033 092010481a008 102010481a008 112010481a008 

Date Sampled -   2/7/2020 4/6/2020 5/4/2020 6/5/2020 7/6/2020 8/5/2020 9/8/2020 10/9/2020 11/9/2020 

Sampled By 
 

  LS/SK SK SK SK SK LS SK SK SK 

Time 
 

  12.24 7.48 11.02 11.27 11:17 12:09 10:38 7:12 9.13 

pH pH   7.83 7.25 8.89 8.36 7.19 6.93 7.32 7.47 7.44 

Conductivity µS/cm   12900 1410 12100 8720 5910 3250 3230 3500 2410 

Turbidity NTU   15 86 158 102 15 19 24 85 8 

Total Dissolved Solids mg/L   9109 584 8435 774 3856 2017 1976 2122 1400 

Total Suspended Solids mg/L   45 <5 409 146 58 7 29 80 12 

Redox** mV   211 3 158 181 112 61 124 -104 196 

Dissolved Oxygen %   64 97 58 73 44 24 31 3 102 

Dissolved Oxygen  mg/L   5.4 9 5 7 4 2 3 <1 9.1 

Temperature °C   23.0 19.0 19.0 18.0 16.0 14.0 20.0 16.0 20.0 
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GROUNDWATER MONITORING RESULTS 
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ANALYSIS UNITS LOR GW1 K9/3N  K9/3S K11/1  K11/1S BH20S  

Dec-19 Jun-20 Dec-19 Jun-20 Dec-19 Feb-20 Jun-20 Aug-20 Dec-19 Jun-20 Sept-20     

Sample 
Number 

    121910481a
019 

 121910481a
020 

 121910481a
021 

   121910481a
022 

  121910481a
023 

 121910481a
024 

 

Date 
Sampled 

    12/12/2019 6/15/2020 12/12/2019 6/15/2020 12/12/2019  6/15/2020  12/12/2019 6/16/2020  12/12/2019 6/16/2020 12/11/2019 6/15/2020 

Sampled By     CR RL CR RL CR  RL  CR CR  CR CR SK/CR RL 

Time 
Sampled 

    11:05 13:05 13:33 13:46 12:37  13:59  16:04 12:30  15:41 11:58 13:04 10:22 

pH Value pH 
unit 

  7.45 8.08 7.03 7.43 7.93  8.02  7.61 7.64 7.46 7.74 7.91 6.96 6.74 

Conductivity µS/cm   12200 8350 23500 2080 5100  3500  992 1870  9340 9920 3100 2780 

Temperature °C   20.7 20 22.9 21 22.6  19  20.8 19  23.6 20 20 20 

Bromide mg/L 0.01 10.8 7.37 23.5 17 4.52 2.58 2.31  0.018 0.982  8.93 7.09 0.175 0.573 

Dissolved Metals 

Aluminium mg/L 0.01 <0.01 0.01 <0.01 <0.01 0.01  0.01  <0.01 <0.01  <0.01 <0.01 <0.01 0.03 

Arsenic mg/L 0.00
1 

<0.001 <0.001 <0.001 <0.001 0.002  0.006 0.004 <0.001 <0.001  <0.001 <0.001 0.006 0.007 

Cadmium mg/L 0.00
01 

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001  <0.0001 <0.0001  <0.0001 <0.0001 <0.0001 <0.0001 

Copper mg/L 0.00
1 

<0.001 <0.001 <0.001 <0.001 <0.001  <0.001  <0.001 <0.001  <0.001 <0.001 <0.001 <0.001 

Manganese mg/L 0.00
1 

0.224 0.125 1.2 0.608 0.169 0.117 0.087  0.365 1.03  0.109 0.09 5.15 4.96 

Nickel mg/L 0.00
1 

<0.001 0.002 0.001 0.002 0.001  <0.001  0.001 <0.001  0.002 <0.001 0.005 0.003 

Zinc mg/L 0.00
5 

<0.005 0.013 <0.005 <0.005 <0.005  <0.005  <0.005 <0.005  <0.005 <0.005 0.013 0.009 

Iron mg/L 0.05 <0.05 <0.05 <0.05 <0.05 0.22  <0.05  0.2 0.87  0.05 <0.05 3.98 7.5 

Cyanide 

Free Cyanide mg/L 0.00
4 

<0.004 <0.004 <0.004 <0.004 <0.004  <0.004  <0.004 <0.004  <0.004 <0.004 <0.004 <0.004 

Total Cyanide mg/L 0.00
4 

<0.004 <0.004 <0.004 <0.004 <0.004  <0.004  <0.004 <0.004  <0.004 <0.004 <0.004 <0.004 

Polynuclear Aromatic Hydrocarbons 

Naphthalene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Acenaphthyle
ne 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Acenaphthen
e 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Fluorene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Phenanthren
e 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Anthracene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Fluoranthene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Pyrene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Benz(a)anthr
acene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 
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ANALYSIS UNITS LOR GW1 K9/3N  K9/3S K11/1  K11/1S BH20S  

Dec-19 Jun-20 Dec-19 Jun-20 Dec-19 Feb-20 Jun-20 Aug-20 Dec-19 Jun-20 Sept-20     

Chrysene µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Benzo(b+j)flu
oranthene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Benzo(k)fluor
anthene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Benzo(a)pyre
ne 

µg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5  <0.5  <0.5 <0.5  <0.5 <0.5 <0.5 <0.5 

Indeno(1.2.3.
cd)pyrene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Dibenz(a.h)a
nthracene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Benzo(g.h.i)p
erylene 

µg/L 1 <1.0 <1.0 <1.0 <1.0 <1.0  <1.0  <1.0 <1.0  <1.0 <1.0 <1.0 <1.0 

Sum of PAHs µg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5  <0.5  <0.5 <0.5  <0.5 <0.5 <0.5 <0.5 

Total Petroleum Hydrocarbons 

C6 - C9 
Fraction 

µg/L 20 <20 <20 <20 <20 <20  <20  <20 <20  <20 <20 <20 <20 

C10 - C14 
Fraction 

µg/L 50 <50 <50 <50 <50 <50  <50  <50 70  <50 <50 <50 <50 

C15 - C28 
Fraction 

µg/L 100 <100 <100 <100 <100 <100  <100  <100 <100  <100 <100 <100 <100 

C29 - C36 
Fraction 

µg/L 50 <50 <50 <50 <50 <50  <50  <50 150  <50 <50 <50 <50 

C10 - C36 
Fraction 
(sum) 

µg/L 50 <50 <50 <50 <50 <50  <50  <50 220  <50 <50 <50 <50 

BTEX 

Benzene µg/L 1 <1 <1 <1 <1 <1  <1  <1 <1  <1 <1 <1 <1 

Toluene µg/L 2 <2 <2 <2 <2 <2  <2  <2 <2  <2 <2 <2 <2 

Ethylbenzene µg/L 2 <2 <2 <2 <2 <2  <2  <2 <2  <2 <2 <2 <2 

meta- & 
para-Xylene 

µg/L 2 <2 <2 <2 <2 <2  <2  <2 <2  <2 <2 <2 <2 

ortho-Xylene µg/L 2 <2 <2 <2 <2 <2  <2  <2 <2  <2 <2 <2 <2 

Total Xylenes µg/L 2 <2 <2 <2 <2 <2  <2  <2 <2  <2 <2 <2 <2 

Sum of BTEX µg/L 1 <1 <1 <1 <1 <1  <1  <1 <1  <1 <1 <1 <1 
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ANALYSIS UNITS LOR BH20D  BH21s 
 

BH21D  BH23S  BH23D 

Dec-19 Jun-20 Aug-20 Dec-19 Jun-20 Dec-19 Jun-20 Aug-20 Dec-19 Jun-20 Dec-19 Jun-20 Aug-20 

Sample Number     121910481a025   121910481a026  121910481a027   121910481a028  121910481a029   

Date Sampled     12/11/2019 6/15/2020  12/11/2019 6/15/2020 12/11/2019 6/15/2020  12/11/2019 N/A bore 
damaged, 

unable to be 
sampled 

12/11/2019 7/3/2020  

Sampled By     SK/CR RL  SK/CR RL SK/CR RL  SK/CR  SK/CR RL/ZL  

Time Sampled     12:45 10:00  10:54 8:36 13:00 9:20  14:20  13:50 10:30  

pH Value pH unit   6.25 6.34 6.59 11.13 11.27 7.8 9.46  7.57  6.89 7.00  

Conductivity µS/cm   42100 454  1000 1170 8370 3140  623  17000 17000  

Temperature °C   20.8 20  21 21 20.9 20  19.7  20.5 19  

Bromide mg/L 0.01 53.1 41  0.868 0.71 8.98 1.53  0.321  26 1100 20.2 

Dissolved Metals 

Aluminium mg/L 0.01 <0.01 <0.10  0.59 0.5 0.07 0.12  0.1  <0.01 <0.01  

Arsenic mg/L 0.001 0.007 <0.010  0.003 0.002 0.002 0.003  0.004  <0.001 <0.001  

Cadmium mg/L 0.000
1 

<0.0001 <0.0010  0.0002 <0.0001 <0.0001 0.0001  <0.0001  <0.0001 <0.0001  

Copper mg/L 0.001 <0.001 <0.010  <0.001 <0.001 <0.001 <0.001  <0.001  <0.001 <0.001  

Manganese mg/L 0.001 9.34 9.72  0.003 0.001 0.255 0.018  0.48  0.93 0.776  

Nickel mg/L 0.001 0.016 <0.010  0.005 0.002 0.003 0.004  0.002  0.002 <0.001  

Zinc mg/L 0.005 0.042 <0.050  <0.005 <0.005 <0.005 <0.005  <0.005  0.01 0.008  

Iron mg/L 0.05 38.7 41.7  0.08 <0.05 1.21 0.07  2.69  11.6 11  

Cyanide 

Free Cyanide mg/L 0.004 <0.004 <0.004  <0.004 <0.004 <0.004 <0.004  <0.004  <0.004 <0.004  

Total Cyanide mg/L 0.004 <0.004 <0.004  0.241 0.25 0.232 0.345  0.075  0.012 0.014  

Polynuclear Aromatic Hydrocarbons 

Naphthalene µg/L 1 <1.0 <1.0  158 171 
111 160 

 <1.0  <1.0 <1.0  

Acenaphthylene µg/L 1 <1.0 <1.0  3.2 2.3 
<1.0 1.1 

 <1.0  <1.0 <1.0  

Acenaphthene µg/L 1 <1.0 <1.0  2.8 2.3 
<1.0 1.1 

 <1.0  <1.0 <1.0  

Fluorene µg/L 1 <1.0 <1.0  4 2.8 
<1.0 <1.0 

 <1.0  <1.0 <1.0  

Phenanthrene µg/L 1 <1.0 <1.0  13.6 11 
1.5 2.6 

 <1.0  <1.0 <1.0  

Anthracene µg/L 1 <1.0 <1.0  3.1 1.7 
<1.0 <1.0 

 <1.0  <1.0 <1.0  
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Compliance Assessment 

¶ Assessment of noise impacts in accordance with NCET 66 Mtpa PA noise limits. 

¶ Statement of Compliance. 

¶ Recommendations for remedial or other action, as required. 

2 Noise Criteria 

The NCET 66 Mtpa PA residential noise limits and meteorological constraints are summarised and presented in 
Table 1. 

Table 1 NCET 66 Mtpa PA ς Noise Limits & Meteorological Constraints (dBA re 20 µPa) 

Residential 
Location 

Construction Noise  

Operational Noise 

LAeq(15minute)  
Operation1 
Daytime, 

Evening, Night2 

LAeq(night) 
Operation1 

Night2 

LA1(1minute)  
Operation1 

Night2 

Fem Bay West The Proponent shall only 
undertake construction 
activities associated with the 
project that would generate an 
audible noise at any residential 
premises between 7:00 am and 
6:00 pm, seven days a week.  
Audible noise is defined as 
"noise that can be heard at the 
receiver". 

41 37 57 

Fern Bay East 39 36 55 

Stockton 
West 

41 37 57 

Stockton East 38 35 56 

Mayfield 
West 

45 40 55 

Mayfield 44 39 62 

Carrington 36 33 52 

Notes The maximum allowable noise contributions apply under:  

a) Meteorological conditions of: wind speeds up to 3 ms-1 at 10 metres above ground 
level; or 

b) Temperature inversion conditions up to 3°C per 100 metres and wind speeds up to 
2ms-1 at 10 metres above the ground. 

For the purpose of assessment of noise from the project shall be: 

c) Measured at the most affected point on or within the Site boundary at the most 
sensitive receiver to determine compliance with LAeq(15 minute) night noise limits; 

d) Measured at one metre from the dwelling facade to determine compliance with 
LA1(1minute) noise limits; and 

e) Subject to the modification factors provided in Section 4 of the NSW INP, where 
applicable. 

Note 1: 7 days per week, 24 hours a day. 

Note 2: Monday to Saturday 2200 hours to 0700 hours; Sundays and Public Holidays 2200 hours to 0600 hours. 

Similarly, the NCET Environmental Assessment (EA) non-residential noise criteria are summarised and 
presented in Table 2. 



http://www.saiglobal.com/online/Script/Details.asp?docn=AS286176155535
http://www.saiglobal.com/online/Script/Details.asp?docn=AS286176155535
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4.2 Compliance Assessment 

The following observations were made during the night-time survey period: 

¶ NCET noise emissions were not identifiable from the overall industrial noise at all locations.  Industrial noise 
emissions were audible from the direction of the Mayfield North Industrial Area and Kooragang Island.  
NCET noise emissions are expected to have remained below the intrusive noise limits. 

Measured noise levels presented in Table 4 indicate that compliance with the sleep disturbance LA1(1minute) 

noise criteria were achieved at all locations during the night-time noise surveys. 

5 Off-Site Attended Noise Monitoring ς Industrial Premises 

5.1 Noise Measurement Results 

Operator-attended noise measurements were conducted at the selected nearby industrial premises shown in 
Table 5. 

Table 5 Industrial/Commercial Premise Noise Monitoring Locations 

Receiver 
Area 

ID and Location 
INP Noise Amenity 

Zone 
LEP Zone 

Kooragang Island 

KI1 Blue Circle Southern Cement 

Industrial Port and Industry KI5 Cargill 

KI10 Sims Metal 

The operator-attended noise measurements were conducted on Friday 20 December 2019, generally 
coinciding with typical NCET operations.  The prevailing weather conditions consisted of light to moderate 
south to south westerly winds of 3 m/s to 5 m/s with temperatures of 20 to 21°C 

The operator-attended noise measurement results are presented in Table 6Σ ƛƴŎƭǳŘƛƴƎ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ b/9¢Ωǎ 
intrusive LAeq(period) noise level. 
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Table 6 Industrial/Commercial Premise Noise Monitoring Results 

Location 
Date/Start 

Time 

Primary Noise Descriptor 

(dBA re 20 µPa) Comments and Description of 
Noise Emission 

LAmax LA1 LA10 LA90 LAeq 

KI1 

Blue Circle 
Southern 
Cement 

20/12/2019 
09:14 70 65 62 59 60 

Road traffic 

Estimated NCET LAeq(period) contribution <49 dBA NCET not discernible. 

KI5 

Cargill 
Australia 

20/12/2019 
08:13 

90 76 66 54 65 
Birdsong, road traffic, other 
Industry 

Estimated NCET LAeq(period) contribution <44 dBA NCET not discernible. 

KI10 

Sims Metal 

20/12/2019 
08:34 

89 83 77 64 76 Road traffic, insects, other industry 

Estimated NCET LAeq(period) contribution <54 dBA NCET not discernible. 

5.2 Compliance Assessment 

NCET noise emissions at the selected nearby industrial premises monitoring locations were below the 
LAeq(period) limit of 70 dBA. 

6 On-Site Operations 

On-site operator-attended noise monitoring was conducted of selected items of NCET plant and equipment to 
quantify the operating sound power levels (SWLs).  The measured SWLs have been used to update the NCET 
Stage 1, Stage 2AA and Stage 2F Plant and Equipment SWL Database as presented in Appendix A with a 
maximum total SWL of 128 dBA. 

7 Environmental Noise Modelling Results 

7.1 Noise Prediction Procedures 

Based on the measured sound power levels (refer Section 6), the NCET computer noise model has been 
updated, further validated and used to predict the operating noise for comparison with the NCET 66 Mtpa PA 
noise limits. 

The computer model developed for the NCET EA incorporates the significant noise sources associated with the 
NCET site and rail loop, surrounding terrain, aspects of the built environment and nearby receiver areas.  The 
noise model has been modified to include key components of the installed Stage 1, Stage 2AA and Stage 2F 
infrastructure as guided by NCIG/Aurecon in various information updates.   

The field measured SWLs were incorporated into the model to predict the contributed noise level from each 
source to the receiver localities. 
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ENM 
Source 

No 
Component ID Description Capacity 

Conveyor 
Length 

(m) 

Overal
l SWL 
(dBA) 

Conveyor 
Drive P1 

(dBA) 

Conveyor 
Drive P2 

(dBA) 

Stage 1 

 Rail-Loop Train 1 PN 8200 Series (per 3 
Loco set) 

Locomotive idle  109   

 
Rail-Loop Train 2 PN 8200 Series (per 3 

Loco set)/QR 5000 
Series (per 2 Loco set) 

Locomotive Moving 
- Approaching Dump 
Station 

 109 
  

 
Rail-Loop Train 2 PN 8200 Series (all 

wagons - 1600m 
excluding locos) 

All Noise including 
squeal, coupling 

 111 
  

100 Rail-receival DS01 Dump Station 8500tph  106 
  

Rail-receival TBA Dust extraction fan 300kW fan  
  

103 Rail-receival FE01 Belt Feeder 8500tph  100 
  

108 Rail-receival CV01 Belt Conveyor 8500tph 582 111 
  

109 Rail-receival CV01 Conveyor Drive P1, P2 2 x 1000kW  106 106 98 

110 Rail-receival TR01 Fixed Tripper for 
inbound sample 

-  90 
  

111 Rail-receival SA01 Sample Station 80tph  99 
  

112 Rail-receival TH01 Transfer House (8 
Chutes, only 2 see coal 
at any one time) 

-  105 
  

200 Stacking CV04 Belt Conveyor 8500tph 349 111 
  

201 Stacking CV04 Conveyor Drive P1  As built 1000kW (2 x 
630kW) 

 98 98 
 

202 Stacking TT02 Transfer Point -  <96 
  

203 Stacking CV05 Belt Conveyor 8500tph 207 107 
  

204 Stacking CV05 Conveyor Drive P1 630kW  99 99 
 

205 Stacking 03TT03 Transfer Point -  <96 
  

300 Stockyard CV08 Belt Conveyor 10500tph 1334 115 
  

301 Stockyard CV08 Conveyor Drive P1, P2 2 x 1250kW  104 102 100 

302 Stockyard SR01 Stacker/Reclaimer 10500tph  108 
  

303 Stockyard TR04 Fixed Tripper for 
magnet & dewatering 

-  100 
  

304 Stockyard TH06 Transfer Point 10500tph  <96 
  

305 Stockyard CV09 Belt Conveyor 10500tph 1374 115 
  

306 Stockyard CV09 Conveyor Drive P1, P2 2 x 1250kW  104 101 102 

307 Stockyard SR02 Stacker/Reclaimer 10500tph  113 
  

308 Stockyard TR05 Fixed Tripper for 
magnet & dewatering 

-  90 
  

309 Stockyard TH07 Transfer Point 10500tph  <96 
  

400 Reclaiming CV12 Belt Conveyor 10500tph 611 109 
  

401 Reclaiming CV12 Conveyor Drive P1  1250kW  103 100 100 

402 Reclaiming BN01 Buffer Bin 2000t bin  100 
  

403 Reclaiming FE04 Belt Feeder 6250tph, Hydraulic 
500kW 

 99 
  

404 Reclaiming FE05 Belt Feeder 6250tph, Hydraulic 
500kW 

 99 
  

405 Reclaiming CV15 Belt Conveyor 11500tph 625 112 
  

406 Reclaiming CV15 Conveyor Drive P1 & P2 2 x 1000kW  107 105 101 

407 Reclaiming SA04 Sample Station 80tph  105 
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ENM 
Source 

No 
Component ID Description Capacity 

Conveyor 
Length 

(m) 

Overal
l SWL 
(dBA) 

Conveyor 
Drive P1 

(dBA) 

Conveyor 
Drive P2 

(dBA) 

408 Reclaiming TH10 Transfer Point (2 
Chutes) 

-  <96 
  

426 Reclaiming CV19 - 
30Mt 

Belt Conveyor 11500tph 63 104 
  

427 Reclaiming CV19 - 
30Mt 

Conveyor Drive P1 1000kW  99 99 
 

430 Reclaiming TH12 Transfer Point (2 
Chutes) 

-  102 
  

502 Shiploading SL01 - 
30Mt 

Ship Loader 12500tph  109 
  

506 Shiploading CV21 - 
30Mt 

Belt Conveyor 11500tph 689 113 
  

700 Stockyard 
 

Dozer D11  118 
  

600 Clearwater 
Pond 

1 Clearwater Pond Pump 
1 (Lift Pump) 

-  90 
  

601 Clearwater 
Pond 

4 Main Dust Suppression 
and Fire Pump 1 

-  90 
  

602 Clearwater 
Pond 

5 Main Dust Suppression 
and Fire Pump 2 

-  90 
  

603 Clearwater 
Pond 

6 Main Dust Suppression 
and Fire Pump 3 

-  90 
  

604 Clearwater 
Pond 

7 Main Dust Suppression 
and Fire Pump 4 

-  90 
  

605 Clearwater 
Pond 

10 Pressure Maintaining 
Pump (Jacking Pump 1) 

-  90 
  

606 Clearwater 
Pond 

21 Transfer House TH03 
Pump 

-  90 
  

607 Clearwater 
Pond 

26 Conveyor CV12 Mid 
Point Sump Pump 

-  90 
  

608 Clearwater 
Pond 

30 Administration Vehicle 
Spray Wash Supply 
Pump 

-  90 
  

609 Clearwater 
Pond 

49 Sewer Pump 4: 4000 L -  90 
  

610 Clearwater 
Pond 

51 Potable Water Pump 
no. 1 

-  90 
  

    Total Stage 1 
(excluding Trains) 

 124   

    Stage 1 Trains  115   

    Stage 1 Total 
(including Trains) 

 125   

Stage 2AA 

 Rail-Loop Train 3 PN 8200 Seires (per 3 
Loco set)/QR 5000 
Seires (per 2 Loco set) 

Locomotive Moving 
- Approaching DS 

 109   

 Rail-Loop Train 3 PN 8200 Seires (all 
wagons - 1600m 
excluding locos) 

All Noise including 
squeal, coupling 

 111   

 Rail-Loop Train 4 QR 5000 Seires (per 3 
Loco set) 

Locomotive Moving 
- Approaching DS 

 109   

 Rail-Loop Train 4 QR 5000 Seires All Noise including 
squeal, coupling 

 111   
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ENM 
Source 

No 
Component ID Description Capacity 

Conveyor 
Length 

(m) 

Overal
l SWL 
(dBA) 

Conveyor 
Drive P1 

(dBA) 

Conveyor 
Drive P2 

(dBA) 

104 rail-receival DS02 Dump Station 8500tph  104   

113 rail-receival CV02 Belt Conveyor 8500tph  112   

114 rail-receival CV02 Conveyor Drive P1, P2  2 x 1000kW  107 104 104 

115 rail-receival TR02 Fixed Tripper for 
inbound sample 

-  90   

180 rail-receival SA02 Sample Station 80tph  99   

206 Stacking CV06  Belt Conveyor 8500tph  100   

207 Stacking CV06  Conveyor Drive P1 1000kW  98 98  

208 stacking TH04 Transfer Point -  97   

310 Stockyard CV10  Belt Conveyor 10500tph  114   

311 Stockyard CV10 Conveyor Drive P1, P2  2 x 1250kW  101 98 99 

312 stockyard SR03 Stacker/Reclaimer 10500tph  111   

314 stockyard TH08 Transfer Point 10500tph  <96   

511 reclaiming CV13  Belt Conveyor 10500tph  110   

512 reclaiming CV13 Conveyor Drive P1, P2  2 x 1000kW  102 100 97 

513 reclaiming BN02 Buffer Bin/Belt Feeders 2000t bin  104   

514 reclaiming FE06 Belt Feeder 6250tph, Hydraulic 
500kW 

 99   

515 reclaiming FE07 Belt Feeder 6250tph, Hydraulic 
500kW 

 99   

516 reclaiming CV16 Belt Conveyor 10500tph  109   

517 reclaiming CV16  Conveyor Drive P1, P2  2 x 1000kW  102 98 100 

518 reclaiming SA05 Sample Station 80tph  <96   

528 reclaiming CV20 Belt Conveyor 10500tph  105   

529 reclaiming CV20 Conveyor Drive P1 1000kW  97 97  

603 shiploading CV22 Belt Conveyor 10500tph  115   

604 shiploading CV22 Conveyor Drive P1, P2  2 x 1000kW  102 99 99 

605 shiploading SL02 Ship Loader 12500tph  110   

    Total Stage 2AA 
(excluding Trains) 

 122   

    Stage 2 AA Trains  116   

    Stage 2AA Total 
(including Trains) 

 123   

Stage 2F 

209 stacking CV7 Conveyor 8,500 t/hr 78 100   

210 stacking CV7  Conveyor Drive P1 1000 kW  97 97  

211 stacking TH05 Transfer Tower 10,500 t/hr  103   

315 stockyard CV11 Conveyor 10,500 t/hr 1447 114   

316 stockyard CV11  Conveyor Drive P1, P2  1250 kW  102 100 99 

317 stockyard SR04 Stacker/Reclaimer 10,500 t/hr  110   

319 stockyard TH09 Transfer Tower 10,500 t/hr  105   

509 reclaiming CV17 Conveyor 10,500 t/hr 229 107   
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Table 3 Residential Property Noise Monitoring Locations 

Receiver Area ID and Location 
INP Noise 

Amenity Zone 
LEP Zone 

Fern Bay North FN12    Bayway Village, Nelson Bay Road Suburban Residential 

Fern Bay West FW1 1 Fullerton Lane Suburban Residential 

Fern Bay East FE1 21 Braid Road 

Stockton West SW1 284 Fullerton Street Suburban Residential 

Stockton East SE1 40 Eames Avenue 

SE3       4 Pitt Street 

Mayfield West W1 47 Stevenson Avenue Urban Residential 

Mayfield M1 68 Bull Street Urban Residential 

M4 52 Arthur Street 

Carrington / Maryville C1 Cnr Hargrave and Young Streets Urban City Centre 

The operator-attended night-time noise measurements were conducted on 7 May 2020 to 8 May 2020.  The 
weather conditions during the monitoring period varied throughout the monitoring period consisting of 
temperatures ranging from 13°C-14°C, calm periods and periods of light N-NW winds. 

The operator-attended night-time noise measurements results are presented in Table 4, including an estimate 
of NCET intrusive LAeq(15minute) noise levels as well as estimates of other contributing ambient noise sources (i.e. 
traffic, insects, animals, other industrial operations etc). 
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Table 6 Industrial/Commercial Premise Noise Monitoring Results 

Location 
Date/Start 

Time 

Primary Noise Descriptor 

(dBA re 20 µPa) Comments and Description of 
Noise Emission 

LAmax LA1 LA10 LA90 LAeq 

KI1 

Blue Circle 
Southern 
Cement 

15/04/2020 
10:17 

87 79 72 61 70 
Road traffic, other industry 

Estimated NCET LAeq(period) contribution ~55 dBA NCET ship loading streams 

KI5 

Cargill 
Australia 

15/04/2020 
12:14 

69 61 57 53 55 
Road traffic, birds and insects 

Estimated NCET LAeq(period) contribution <43 dBA NCET not discernible. 

KI10 

Sims Metal 
15/04/2020 
10:39 

86 81 75 65 72 Road traffic, other industry 

Estimated NCET LAeq(period) contribution <55 dBA NCET not discernible. 

5.2 Compliance Assessment 

NCET noise emissions at the selected nearby industrial premises monitoring locations were below the LAeq(period) 
limit of 70 dBA. 

6 On-Site Operations 

On-site operator-attended noise monitoring was conducted of selected items of NCET plant and equipment to 
quantify the operating sound power levels (SWLs).  The measured SWLs have been used to update the NCET 
Stage 1, Stage 2AA and Stage 2F Plant and Equipment SWL Database as presented in Appendix A with a 
maximum total SWL of 128 dBA. 

7 Environmental Noise Modelling Results 

7.1 Noise Prediction Procedures 

Based on the measured sound power levels (refer Section 6), the NCET computer noise model has been updated, 
further validated and used to predict the operating noise for comparison with the NCET 66 Mtpa PA noise limits. 

The computer model developed for the NCET EA incorporates the significant noise sources associated with the 
NCET site and rail loop, surrounding terrain, aspects of the built environment and nearby receiver areas.  The 
noise model has been modified to include key components of the installed Stage 1, Stage 2AA and Stage 2F 
infrastructure as guided by NCIG/Aurecon in various information updates.   

The field measured SWLs were incorporated into the model to predict the contributed noise level from each 
source to the receiver localities. 
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ENM 
Source 

No 
Component ID Description Capacity 

Conveyor 
Length 

(m) 

Overal
l SWL 
(dBA) 

Conveyor 
Drive P1 

(dBA) 

Conveyo
r Drive 

P2 (dBA) 

104 rail-receival DS02 Dump Station 8500tph  104   

113 rail-receival CV02 Belt Conveyor 8500tph  112   

114 rail-receival CV02 Conveyor Drive P1, P2  2 x 1000kW  106 105 103 

115 rail-receival TR02 Fixed Tripper for 
inbound sample 

-  90   

180 rail-receival SA02 Sample Station 80tph  99   

206 Stacking CV06  Belt Conveyor 8500tph  100   

207 Stacking CV06  Conveyor Drive P1 1000kW  98 98  

208 stacking TH04 Transfer Point -  97   

310 Stockyard CV10  Belt Conveyor 10500tph  116   

311 Stockyard CV10 Conveyor Drive P1, P2  2 x 1250kW  101 99 98 

312 stockyard SR03 Stacker/Reclaimer 10500tph  111   

314 stockyard TH08 Transfer Point 10500tph  <96   

511 reclaiming CV13  Belt Conveyor 10500tph  112   

512 reclaiming CV13 Conveyor Drive P1, P2  2 x 1000kW  103 102 99 

513 reclaiming BN02 Buffer Bin/Belt Feeders 2000t bin  104   

514 reclaiming FE06 Belt Feeder 6250tph, Hydraulic 
500kW 

 99   

515 reclaiming FE07 Belt Feeder 6250tph, Hydraulic 
500kW 

 99   

516 reclaiming CV16 Belt Conveyor 10500tph  112   

517 reclaiming CV16  Conveyor Drive P1, P2  2 x 1000kW  102 98 100 

518 reclaiming SA05 Sample Station 80tph  <96   

528 reclaiming CV20 Belt Conveyor 10500tph  105   

529 reclaiming CV20 Conveyor Drive P1 1000kW  97 97  

603 shiploading CV22 Belt Conveyor 10500tph  113   

604 shiploading CV22 Conveyor Drive P1, P2  2 x 1000kW  104 101 101 

605 shiploading SL02 Ship Loader 12500tph  110   

    Total Stage 2AA 
(excluding Trains) 

 122   

    Stage 2 AA Trains  116   

    Stage 2AA Total 
(including Trains) 

 123   

Stage 2F 

209 stacking CV7 Conveyor 8,500 t/hr 78 100   

210 stacking CV7  Conveyor Drive P1 1000 kW  97 97  

211 stacking TH05 Transfer Tower 10,500 t/hr  103   

315 stockyard CV11 Conveyor 10,500 t/hr 1447 116   

316 stockyard CV11  Conveyor Drive P1, P2  1250 kW  102 99 98 

317 stockyard SR04 Stacker/Reclaimer 10,500 t/hr  109   

319 stockyard TH09 Transfer Tower 10,500 t/hr  105   

509 reclaiming CV17 Conveyor 10,500 t/hr 229 107   
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Executive Summary 

Note: An extended discussion of this summary is provided in the Discussion (Section 4), using the 
structure below for subheadings etc.  
  
Conservation biology of Litoria aurea on Kooragang Island 
 

1. Population size: Averaging model estimates from capture-mark-recapture data over the previous 
three breeding seasons indicates that approximately six L. aurea individuals with SVL җ 40 mm are 
generally present for every one individual detected during VES. Based on this ratio, and the number 
of VES detections obtained during island-wide surveys of 60 wetlands this year, the L. aurea 
population of Kooragang Island is currently standing at approximately 3,000. This is similar to the 
calculations obtained for the 2017-18 season, and could suggest that the population is starting to 
stabilise after a long term but gradual upward trend since 2010-11.  

 
2. Demography 

a. Age/sex class structure: Less than a third of individuals detected were metamorphs or 
juveniles, while approximately one half to two-thirds of adults were male (Figure 3.4.1). This 
is similar to results obtained in previous years. Demographic analysis identified at least three 
distinct cohorts of juveniles; one set spawned in the latter half of the previous breeding 
season, one early in the current season and a large spawning event in the latter half of the 
current season after heavy rainfall in February (Figure 3.4.5).   

 
b. Recruitment: 16 wetlands within the Industrial Zone held either tadpoles and/or metamorphs 

at some point during the 2019-20 breeding season. The largest numbers were recorded at 
K111 and K121 in the latter half of the season, both of which are in the southern Industrial 
Zone. These animals were recruited following a large rainfall event in February, and in autumn 
very large numbers of very small juvenile L. aurea were detected in Area 2 and close to the 
Rail Loop, indicating prolific breeding in K111-114, K121-123, and K105AS-K105B. Breeding 
events were also recorded at one of the BHP-CHEMP wetlands and three other wetlands 
within the Central Zone. One small juvenile was also detected in the Northern Zone, 
suggesting that breeding occurred across all zones this season. Few offspring were detected 
until the latter half of the season after heavy rainfall triggered the mass breeding event. 
Offspring where primarily detected in wetlands classified as permanent, demonstrating that 
L. aurea are not necessarily limited to ephemeral wetlands for breeding. The lack of breeding 
at temporary sites may be due to the dry conditions breeding adults were exposed to 
throughout much of the season as a result of lower than average rainfall. 

 
c. Gravid females: Using 58 mm as the threshold for the onset of female maturity, 221 unique 

adult females (identified by PIT tags) were captured during the 2019-20 season. This number 
is similar to data from the three previous seasons and indicates that the effective population 
size of L. aurea on Kooragang Island is sufficient for at least the immediate persistence of the 
population. However, the low percentage of recapture events between years suggests that 
few individuals are making it to multiple breeding periods. This is cause for concern as 
females generally take longer to reach sexual maturity than males, and consecutive seasons 
of poor recruitment will likely result in severe population decline.  

 

3. Survey rounds and weather 

Movement and widespread calling indicate that a breeding event likely took place in this early part 
of the season following a rainfall event in September. This is supported by the detection of small 
numbers of metamorphs and juveniles in Round 2. Fewer captures occurred in Round 2, which is 
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to be expected given that conditions in summer were dry, with lower than average rainfall. Many 
of the wetlands dried completely during the early to mid-summer period, including many that have 
ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ΨǇŜǊƳŀƴŜƴǘΩΦ wƻǳƴŘ о ƻŎŎǳǊǊŜŘ ŘǳǊƛƴƎ ŀ ǇŜǊƛƻŘ ƻŦ ƭŀǘŜ ǎǳƳƳŜǊ 
rainfall in February that re-charged wetlands and sparked a large breeding event. Evidence for this 
come from the large number of adult females detected during this round, as well as the large 
number of metamorphs and juveniles detected later in Rounds 4 and 4.1. Near the end of the 
season in April (Round 4.1), a large juvenile dispersal event was detected away from water. This 
highlights a possibly importanǘ ŀǎǇŜŎǘ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎΩ ƭƛŦŜ ƘƛǎǘƻǊȅΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ 
vulnerable juveniles away from their natal waterbodies when weather conditions are suitable for 
dispersal across terrestrial habitat.  

 
While drier than average conditions have been a common hallmark of the L. aurea breeding 
season on Kooragang Island for the past four seasons, it is clear that an extended breeding period 
affords this species a greater chance of being exposed to optimal breeding conditions on at least 
a few occasions. As such, while adults were met with poor breeding conditions in the first half of 
the season, the large rainfall event/s in the latter half of the season were sufficient to trigger a 
large breeding event, which theoretically should allow for sufficient recruitment of individuals in 
the adult population in the next season for continued persistence on the island. What remains 
unclear is the impact of extended dry periods on adult survival, as well as juveniles that have 
dispersed from aquatic sites. 

 

4. Longitudinal data 
a. Persistence: As with previous seasons, persistence is low with most marked animals never 

recaptured. Of those that are, most are recaptured within six months of first capture, and 
only 10% are recaptured more than 12 months from first capture (Table 3.5.2). This indicates 
a low rate of survivorship. Note that only individuals larger than 40 mm SVL are tagged, so 
this survivorship rate cannot be attributed to the high mortality of eggs, tadpoles, 
metamorphs and small juveniles typical of many frogs. In contrast, adult survivorship of L. 
aurea on Kooragang Island is low ς much lower than the rates seen in populations not 
affected by chytrid. This feature of the population means that it remains vulnerable (see point 
2c above) 

b. Movement: Most detected movements were between wetlands within the northern 
Industrial Zone and within the Southern Industrial Zone (Figures 3.5.1, 3.5.2). In particular, 
most movements occurred between wetlands surrounding K105A, highlighting the strong 
connectivity between wetlands within this habitat mosaic. Several of these movements were 
made by adult females out of K29 into another wetland in the mosaic, providing support for 
the suggestion that L. aurea ǿƛƭƭ ƳƻǾŜ ŦǊƻƳ ΨǊŜŦǳƎŜǎΩ όŜΦƎΦ Yнфύ ǘƻ Ƙŀōƛǘŀǘǎ ǘƘŀǘ ǇǊƻǾƛŘŜ 
suitable breeding conditions at a particular time.  

Most movements this season were between wetlands less than 200 metres apart (Tables 
3.5.4, 3.5.5). Over the past 9 years, most detected movements have been less than 500 
metres, indicating that wetlands need to be within this distance to improve their 
connectivity. This could also be critical for promoting movements between zones, to improve 
gene flow between mosaics/locations across the island. Movement between the mosaic 
centred around K105 (referred to as the Northern Ponds mosaic) and K22/23, albeit only a 
small distance apart, indicates a degree of connectivity between the Industrial and Central 
Zone wetlands. However, there was no detection of movement between the Central and 
Northern Zones in 2019-20. While this has been detected in previous seasons, is it a rare 
occurrence and suggests that additional habitat mosaics between the Central and Northern 
Zones will be required to improve connectivity between these areas of the island.  
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9. Other issues 

a. Bellfrog Way surveys: There was a reduction in search effort at this location for several 
reasons: i) ground fires that were ignited in January 2019 were not fully extinguished until 
September 2019, with access restricted until October, ii) increased safety and induction 
requirements by PoN prevented access further still to mid-November, and iii) we were able 
to survey K22-23 in early December but there was not enough suitable days at this time to 
complete the transect surveys as well. 
 

b. Recaptures over the season:- What is interesting (and potentially concerning) is that few 
animals caught in earlier rounds were re-caught in Round 3 when conditions were 
presumably the most optimal across the season for breeding.  
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1.4 Research Objectives 

Research objectives for the 2019-20 season are largely consistent with previous years, and target areas 
of L. aurea biology and ecology that are relevant for management of this species and its habitat on 
Kooragang Island: 

1. What is the estimated population size on the island?  

2. What is the demographic composition on the island?  

 What are the proportions of juveniles, adult males, and adult females? 

 How much recruitment is known, and where is it occurring on the island? 

3. How do L. aurea utilise the island landscape?  

 What is the distribution? 

 What factors affect distribution, abundance, and recruitment? 

4. What information can be gained from longitudinal data? 

 What are the growth patterns of L. aurea on the island? 

 How long do individual L. aurea persist? 

 What are the movements of L. aurea across the island? 

 

In addition, there are several objectives that relate to specific management issues faced by partner 

organisations: 

5. Habitat corridor mitigation strategy (PWCS): A long-term aim is to decrease the proportion of L. 

aurea occupancy of wetlands in the north of the precinct (previously earmarked for development 

- see Section 2.1: Site Context), and to increase occupancy of wetlands in the southern part of 

that site. This requires detailed understanding of population numbers, distribution and 

movement in the northern and the southern parts of the Industrial Zone.  

 

6. Rail infrastructure mitigation strategy (NCIG)Υ ¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ b/LD ΨǊŀƛƭ ƭƻƻǇΩ ŜƴŎƭƻǎŜŘ 

several wetlands that were important habitat for L. aurea with a high traffic rail line. It is 

important for NCIG to understand if the rail loop has effectively isolated the populations in those 

wetlands from the Kooragang Island metapopulation. This requires detailed understanding of 

population numbers, distribution, and movement within the rail loop and adjacent wetlands. 

 

7. Constructed wetlands strategy (HCCDC): As part of capping within the rail loop in 2015, HCCDC 

constructed sedimentation ponds that were designed to provide suitable habitat for L. aurea. The 

efficacy of that design, and the location of these artificial wetlands within the landscape, is an 

important question for HCCDC as further capping works are implemented. This requires detailed 

understanding of population numbers, distribution, and movement at the HCCDC constructed 

and adjacent wetlands.  
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B. Regions: each zone is subdivided into two regions. This grouping of wetlands into regions allows (1) 

the habitat corridor mitigation strategy to be assessed (as this involves comparison of the northern 

vs southern parts of the Industrial Zone), and (2) equivalent subdivisions of the other two zones for 

the purposes of multi-year occupancy analysis (Section 3.9). 

 Northern Zone: 

i. Hunter River North 

ii. School House 

 Central Zone 

iii. /ƻōōŀƴΩǎ /ǊŜŜƪ 

iv. Bellfrog Way 

 Industrial Zone 

v. Industrial Zone North 

vi. Industrial Zone South 

Figure 2.2.2: Allocation of surveyed wetlands to Regions. See text and Table 2.2.1 for explanation. 
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Jurisdiction 

Wetlands surveyed for the Whole Island Monitoring Program fall under the following seven jurisdictional 

categories (see Figure 2.2.4). 

 National Parks and Wildlife (NPWS): 14 wetlands (North and Central zones) 

 CHEMP (NCIG and BHP): 13 wetlands in the North and Central zones of the National Park. 

 Port of Newcastle (PoN):  2 wetlands (Central zone) 

 Port Waratah Coal Services (PWCS): 1 wetland (Industrial Zone) 

 Newcastle Coal Infrastructure Group (NCIG): 2 wetlands (Industrial Zone). 

 Hunter Development Corporation (HDC): 28 wetlands (Industrial Zone) 

 

 

  Figure 2.2.4: Named wetlands on Kooragang Island, summarized by jurisdiction. Note 
that not all of these were surveyed in the 2019-20 season (see text and Table 2.2.1) 
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2.3 Long-term monitoring approach 

The whole island monitoring program has followed a standard method for eight years and was established 
to enable tracking of L. aurea distribution and abundance against time. In the past three years significant 
habitat creation projects and other landscape works have occurred on the site that materially should 
affect the distribution and abundance of the L. aurea population. These new wetlands must be included 
to enable assessment of the effectiveness of mitigation strategies in increasing distribution and 
abundance of the L. aurea population. Therefore, whilst consistency is important and we aim to monitor 
within a predefined set of wetlands, we must also be responsive to landscape changes (see Appendix A).  
Finally, several newly constructed wetlands created by HDC following capping works across the southern 
part of the Industrial Zone were included in surveys. 
 

2.4 Survey techniques 

There were two types of survey used:  

i. Visual Encounter Survey (VES) of wetlands 

ii. Fence surveys (FS) to detect juvenile dispersal 

Both survey types involved systematic night-time surveying by between 2-6 people, using >150 lumen 
LED head torches. Surveys began by listening for calling activity, before using call playback to try and elicit 
a response. The survey itself involves walking slowly through the wetland and surrounding terrestrial 
habitat, paying careful attention to vegetation, which L. aurea tend to associate with (mainly emergent 
reeds). Where wetlands were too deep for wading, we used small personal watercraft (e.g. canoes).   

 

Recording of Climatic conditions  

Climatic variables were recorded at regular intervals during each night of surveying. We recorded: 
temperature, dew point, wet bulb temperature, barometric pressure, wind speed (average and 
maximum), and relative humidity, using a multi-probe instrument (Kestrel). 

 

Methodology - Adult Frogs 

For each survey, each surveyor recorded 

i. Start and end times of survey,  

ii. Any frogs (L. aurea or other species) heard calling 

iii. Water depth (qualitative) 

iv. Presence/absence of Gambusia 

v. Other non-target species of frog seen 

vi. For each L. aurea encountered: 

 Time 

 Habitat structure (tree, reed, grass, rock, ground, aquatic) 

 Height from ground/water surface 

 Distance from water's edge (where in the terrestrial habitat) 

 Size class (adult/juvenile) 

 Was the animal observed calling? 

 Other relevant observations 
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In general, we attempted to capture all L. aurea observed. This was done using a thin plastic bag (sandwich 

bags). Captured frogs were labelled with a capture code, and tied in the bag with sufficient air. If the frog 

was touched during capture, we washed hands with disinfectant gel (NSW NPWS Hygiene Protocol). The 

capture site was marked with flagging tape or on a sketch map of the wetland.  

 

Captured frogs were processed as follows: 

i. Scanned using a Passive Induction Transponder reader to see if the frog had been previously 
captured and tagged. 

ii. If the frog had a passive induction transponder (PIT) tag, the number was recorded. 
iii. Visual inspection of frog for injuries, as well as nuptial pads (to identify males from females) 

and candle lit (to identify gravid females). 
iv. Snout-vent-length (SVL) and tibia length (TL) were measured using callipers. 

v. Body weight was measured using a 10g, 60g or 100g spring balance (Pesola). 

vi. The frog was swabbed for chytrid fungus by the standard protocol used by the UoN 

Amphibian Research Lab (two strokes on each side of the animal for each of: flank, inguinal 

region, posterior thigh, palms of hands, soles of feet). 

vii. If the animal had not been previously tagged: 

o A small tissue sample (piece of webbing from a foot) was taken using a biopsy punch and 

stored in 70% ethanol.  

o A PIT tag was injected subcutaneously into the lower back and manipulated into the 

inguinal region. 

 

 

Tadpoles and metamorphs  

Where possible, tadpoles were collected in the field and identified in the lab, using the key in Anstis 

(2002). Metamorphs were identified and classified on the basis of the presence of a tail stub combined 

with adult colouration. 

 

Data collection 

Tissue samples and swabs were marked using the bar code from the PIT label. Processing took 

approximately 10 person-minutes per frog. Not every frog captured is weighed (the project already has 

hundreds of data points for length-weight relationship from this population, and taking weight 

measurements adds to the per-frog processing time). Swabs for chytrid are not collected in the summer, 

while tissue samples for genetic analysis are collected from a subsample of captured frogs only. Frogs 

were returned to their point of capture after completion of the survey. 

A single primary VES was performed at each wetland during each survey round; three survey rounds 

were performed between September 2019 and March 2020. In Visual Encounter Surveys, the entirety of 

each wetland was surveyed for a maximum of 30 minutes. Care was taken not to overlap surveys by 

each person, or to search the same area more than once. We attempted to keep a uniform survey 

speed at each wetland, although that did vary between and within wetlands depending on vegetation 

density.  Any frogs captured were processed at the end of the survey, and frogs were then released at 

their point of capture.   
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2.5  Search effort 

 

VES summary (primary VES) 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 

Wetlands surveyed 55 75 71 60 63 96 

Total wetland surveys 118 150 195 245 207 333 

Nights of field surveys 38 37 41 48 48 50 

Total search effort VES 

(person.minutes) 

 

7,979 8,899 8,861 11,201 13,375 

 

15,737 

Table2.5.1: Survey statistics and search effort for visual encounter surveys for L. aurea undertaken 
under the island-wide surveys across the four most recent seasons.  

In addition to the three principal survey rounds, we undertook three additional rounds in early 
November 2019 (Round 1.9), after a large rainfall event in February (Round 4) and a month later during 
a L. aurea dispersal event (Round 4.1). No animals were captured during these additional rounds (Table 
2.2.1, Figure 2.5.1). 
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Figure 2.5.2: 
Search effort 
(person.minutes) 
across the 60 
wetlands surveyed 
as part of Island-
wide monitoring in 
2019-20.  

Data is for primary 
VES surveys only.  

Note that the 
CHEMP wetlands 
shown here are 
only those 
included in the 
Save Our Species 
(SOS) and Island-
wide 2019-20 
surveys; they do 
not include all 
CHEMP wetlands 
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Figure 2.6.2: Proportion of animals that can be confirmed as reproductively mature (i.e. adult), plotted against 
SVL. Top, males; Bottom, females. In the lower chart, the red line represents the number of females found to be 
gravid, as a proportion of the animals inspected for gravidity, whilst the blue line shows that number as a 
proportion of all animals captured. Data from 2016-17 surveys. 
 

 

Figure 2.6.3: LƭƭǳǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ΨŎŀƴŘƭŜ-ƭƛƎƘǘΩ ƳŜǘƘƻŘ ƻŦ ŎƘŜŎƪƛƴƎ ŦƻǊ ƎǊŀǾƛŘƛǘȅ ƛƴ ŦŜƳŀƭŜǎΦ ! ƭŀǊƎŜΣ ōƛƭŀǘŜǊŀƭ Ƴŀǎǎ ƛƴ 

the mid to upper trunk region indicates enlarged ovaries and thus gravidity. 
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The categories used this year are thus: 

o Nuptial pads apparent  Ą adult male  (typically > 44-58 mm SVL) 

o Body length < 49 mm and nuptial pads not apparent  Ą Juvenile (sex unknown) 

o Body length > 49 mm, nuptial pads not apparent  Ą  juvenile female 

Body length > 58 mm, nuptial pads not apparent  Ą  adult female 
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likely a consequence of the significant breeding events that occurred late in the season after heavy 

rainfall in February, when few animals were captured. The total number of unique individuals 

encountered during the main survey rounds was less than in the previous season (see Figure 3.4.3B). 

 
 

 Primary VES Total 
Detections 3,401 7,707 
Captures 600 878 

 

 Captures Unique 
PIT tagged frogs 781 698 

 

Demographic summary 

Captured PIT Taggable Unique  Recapture 
index number % number % number % 

juveniles (SVL < 49.5 mm) 129 15% 53 7% 52 8% 1.02 

subadult females (49.5mm<SVL<58mm, no nups) 81 9% 81 10% 79 11% 1.03 

adult males (>49.5, nups) 425 50% 425 54% 386 56% 1.10 

adult females (>58mm SVL, no nups) 221 26% 221 28% 174 25% 1.27 

Metamorphs 15   -   -     

unknown animals (not tagged) 7   7   7     

 878  787  698   
 

Table 3.1.3: Summary of demographic data. Recapture index shows the ratio of captures per unique individuals 

(i.e. higher values indicate a higher probability of recapture). 

 

For unique animals, the proportion of adult females was similar to the previous year at 25%. Note that 

this figure is dependent on accurate categorisation of females of SVL җ 58 mm as reproductively mature 

adults (see Section 2.6 above and 3.6 below for discussion of this key issue); this categorisation is based 

upon candling but more reliable data (such as hormonal analysis) is needed to have full confidence in this 

size threshold. The recapture index for adult females was again high (1.27); this means that the probability 

of recapturing an adult female was greater than for any other demographic.  

 

As only frogs above 40 mm SVL are tagged, and smaller individuals are counted but not tagged, the actual 

proportion of juveniles in the population is much greater than the 7% indicated by PIT tagged animals. 

The proportion of captured L. aurea that were juveniles (15%) is low compared to the previous season 

(37%), likely due to the low number of juveniles detected in the three primary survey rounds when 

captures occurred despite the large number detected in later, non-capture rounds.  

 

 

 

 

. 
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3.2. Seasonal context: environmental factors 

Overview 

Drier than normal conditions over the 2019 winter reduced runoff that typically feeds waterbodies into 

spring, resulting in many wetlands being dry at the start of the L. aurea breeding season (September). 

Low levels of rainfall subsequently occurred during the summer period, following a similar pattern of 

rainfall recorded in the previous breeding season. In particular, less than 1 mm of rainfall was recorded 

in December 2019, compared with a long term average monthly rainfall above 75 mm. Low summer 

ǊŀƛƴŦŀƭƭ ƭŜŀŘ ǘƻ ŀƭƳƻǎǘ ŀƭƭ ǿŜǘƭŀƴŘǎΣ ƛƴŎƭǳŘƛƴƎ ǎŜǾŜǊŀƭ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ΨǇŜǊƳŀƴŜƴǘΩΣ ōŜƛƴƎ ŘǊȅ ŀǘ ǘƘŜ ǎǘŀǊǘ 

of January 2020. Much higher rainfall occurred in the latter half of the breeding season, with above long-

term average monthly rainfall recorded in February that partially recharged most systems. This rainfall 

was sufficient to stimulate a late season breeding event across several wetlands.    

 

 

Figure 3.2.1: Weekly rainfall before, during, and after the 2019-20 survey season (October to April) on Kooragang 

Island. Measurements obtained from BoM records for Williamtown airport.  
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 Hydrology     Gambusia Breeding 

Pond Spring Early Summer Late Summer     

K29 1 no data 1 -2 tads 

C1 1 1 no data -2  

K31 1 1 no data -2 tads 

K34 1 1 1 -2  

K42 1 1 no data 0  

K102 1 1 1 2 mets 

K36 1 1 1 -2 mets 

C2 1 1 1 -2  

K115 1 1 no data -2  

K116 1 1 no data -2  

K100A 1 1 1 2  

K108 0 1 0 -2  

K111 1 1 1 -2 tads mets 

K112 0 1 1 -2 tads mets 

K113 0 1 1 -2 tads mets 

K114 1 1 1 -2 tads 

K121 1 1 1 -2 tads mets 

K122 1 1 1 -2 tads mets 

K123 1 1 1 -2 tads mets 

K46 1 1 1 -2  

K49B 1 1 1 -2 tads 

K117 1 1 no data -2  

K118 1 1 1 -2 tads mets 

 

 

  Tads tadpoles 0 dry 2 Gambusia present 

  Mets metamorphs 0.3 low 1 Gambusia (re)appeared 

    0.5 intermediate 0 unknown status 

  
 

 1 good   -1 Gambusia disappeared 

  
     -2 Gambusia absent 

 

Repeated years of dry summers have continued to exclude Gambusia from a large number of surveyed 

wetlands. This year, the fish was no longer present by the end of the season at three wetlands (BHP-

14A, K3 and K105AS) in which it was detected in the previous breeding season. However, the fish has re-

appeared in one site since last year (BHP-14B). Local extirpation events within season were also 

recorded at two sites (K26 and BPP-14A), likely a direct result of their drying in summer. As of March 

2020, only seven wetlands are believed to contain Gambusia, compared with 13 in March 2019, 16 in 

March 20018, and 24 in February 2017. These wetlands are located in the Industrial Zone and NCIG 

CHEMP wetlands.  

Breeding was detected in 19 primary wetlands, along with one additional wetland (BHP-2A) that was 

surveyed opportunistically, as noted by the presence of L. aurea tadpoles and/or metamorphlings. This 

is slightly more than in the previous breeding season (17 wetlands) and the largest number recorded 
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Figure 3.2.3: Water presence/absence across surveyed wetlands in mid-November to early December 2019 
(Round 2). 
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Gambusia 

 
 
The 2019-20 season was the fourth 
year of lower than average summer 
rainfall. The repeated and 
incremental cycles of drying and 
recharging of wetlands has gradually 
removed Gambusia from much of 
the system. Across Kooragang Island, 
the number of wetlands with 
Gambusia present has declined from 
65 in March 2016 to seven in March 
2020 (Table 3.2.1). Within the 
Industrial Zone, only 13 wetlands 
were free of Gambusia in March 
2016; by March 2020 that number 
had increased to 27 and Gambusia 
was detected in only four wetlands 
within that zone (K100A, K102, K103 
and K104). 
 
Note that Gambusia have always been 
absent from the constructed HDC 
wetlands and the cluster ponds. 
 
 
 
 

 

 

Figure 3.2.8: Distribution of Gambusia 
across the Southern part of Kooragang 
Island, late summer of 2016 (top), 2017 
(middle), and 2018 (bottom). After 
extensive infestation in 2015 following 
heavy summer rains, two consecutive dry 
summers eliminated Gambusia from most 
wetlands. 
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Figure 3.2.10: Gambusia distribution for the wetlands around the Industrial Zone; see Figure 3.2.9 for 

explanation.  
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3.3. Distribution of Litoria aurea across Kooragang Island 

 

The distribution of L. aurea across Kooragang Island is shown using: 
i. Search Sensitivity plots showing the number of frogs detected per unit search effort ς it is thus a 

proxy measure of density or relative abundance (although it is affected by detectability). 
ii. Demographic plots showing absolute numbers detected during standardised visual encounter 

surveys (VES). 
iii. Demographic plots differ from search sensitivity plots in that they indicate the actual number of 

L. aurea detected during primary VES. They also show a demographic breakdown of those 
survey numbers. While VES surveys are standardised and timed for each wetland, many L. aurea 
are detected outside of the primary VES, such as in a secondary VES (which are undertaken for a 
variety of reasons, such as surveying for breeding behaviour following rain), and those 
detections are also shown in these figures. 

 

Figure 3.3.1/2 shows Search Sensitivity calculated for primary VES for the three completed principal 

survey rounds (i.e. Rounds 1, 2 and 3), along with the non-capture Round 4 that occurred later in the 

season. Figure 3.3.3 shows the metric pooled across the whole season. Frogs were widely distributed 

across southern Kooragang, particularly across wetlands within the Industrial Zone (as with last year). 

Low densities were detected across the northern island, while densities in the Central Zone were high at 

the BHP CHEMP wetlands. 
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Round 2 (November ς early December 2019): commenced after earlier rainfall in November (~ 18 mm in 
two days), with little additional rain until the end of November. Relatively fewer adults were detected 
compared to round 1 and little calling, with the largest numbers of both males and females recorded at 
BHP-3A.  
 
Juveniles were detected at seven wetlands (Fig. 3.3.5), all of which were in the Industrial Zone (K29, 
K100A, K104, K106C, K111, K123 and C2). These may have been spawned during rainfall earlier in 
September or may have overwintered as tadpoles. As juvenile L. aurea move readily cross the landscape 
(unpublished data), their presence does not necessarily indicate breeding at these wetlands but does 
provide evidence to suggest they contain suitable habitat for young animals. Metamorphs were 
detected in three wetlands (K111, K122 and K123), highlighting that at least some ponds with juveniles 
present were sites of L. aurea breeding. Indeed, K111 has consistently had breeding events over the 
previous four seasons, and it is likely that juveniles located in K100A and other nearby wetlands 
originated from here.   
 
Round 3 (mid February - early March 2020): This round started during a large rainfall event (147 mm in 
11 days) that recharged many of the systems that had dried up entirely. Adults were detected in 40 
wetlands, with large numbers in five close by (K100A, K105A, K105B, K106A and K106B) (Fig. 3.3.6). 
Calling was also widespread across many wetlands. Much larger numbers of males were detected in the 
K105 ponds, while larger numbers of females were detected in K100A and K106A. This disparity 
between nearby wetlands may indicate different spatial use of breeding vs refuge wetlands immediately 
following rainfall, which has been recorded in previous breeding years.   
 
Despite the large rainfall event at the start of this round, no metamorphs were detected in any of the 
wetlands. Small numbers of juveniles were detected across five wetlands (K105B, K121, C2, E4 and BHP-
4B), suggesting breeding occurred earlier in the season.   
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Figure 3.4.1 presents the demographic data in the preceding section, summarised for captured L. aurea 
across all wetlands, whilst Figure 3.4.2 shows the data for VES detections. Overall, the highest numbers of L. 
aurea were captured in round 1. Across all rounds, the majority of captures were adult males. A small 
proportion of juveniles were captured in round 1 and 2, suggesting that little breeding occurred in the first 
half of the season. In round 1, the small percentage of captured juveniles suggests that some offspring 
spawned in the previous season overwintered as tadpoles and continued development early this season. A 
larger proportion of juveniles were captured in round 3, though the largest breeding event occurred after 
summer rainfall in February 2020. In round 3, a large proportion of animals captured were also adult 
females; this likely occurred as females were responding to significant rainfall that occurred during this 
period in February, which subsequently triggered a large breeding event.  
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All captures, by round 

 

 

 

 

 
 

Figure 3.4.5: Frequency distribution of size classes, showing all captures for each survey round (VES). See Fig 3.4.1 for 

legend and Fig. 3.4.4. for explanation of size classes.  
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K22 and K23 are a pair of wetlands in close proximity to each other, situated immediately north of the PWCS 
rail line and adjacent to the north shore of K105A. Historically, these wetlands have held large numbers of L. 
aurea and have been the focus of intensive CMR surveys; however, since 2016-17 numbers have been 
steadily less than in previous years (see discussion in Section 4.4, and data in Table 4.4.1). The total number 
of detected during the 2019-20 season was lower still for K22, though higher in K23 than in the previous 
year. The majority of adults were detected in round 4, with no adult females recorded at K22 and very few in 
K23 (2%). No tadpoles, metamorphs or juveniles were detected in either wetland across the season, though 
calling was recorded at both sites. It is possible that both these sites remain affected by grass fires that 
occurred in January 2019, when most aquatic and terrestrial vegetation were destroyed.  
 

K105 wetlands 

 

 

 

 

Figure 3.4.9: Frequency distributions for the large K105 wetlands west of K29. Refer to Fig. 3.4.6 for explanation of 

charts. 

Ψ5ŜŜǇ ǇƻƴŘΩ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ŀ ǎƛƴƎƭŜ ǾŜǊȅ ƭŀǊƎŜ ǿŜǘƭŀƴŘ ƛƴ ǘƘŜ b² ǇŀǊǘ ƻŦ ǘƘŜ LƴŘǳǎǘǊƛŀƭ ½ƻƴŜΤ ƛǘ ǎƛǘǎ ƻƴ ǘƘŜ 

original substrate of the island (rather than on artificial substrate, as is the case with some other wetlands), 

and appears to be a remnant of the natural wetlands in this part of Kooragang that were present prior to 
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substantial alteration by human activity. Following the completion of the NCIG infrastructure, this wetland 

was split into a larger northern part (K105A), and a smaller southern part (K105B). These are surveyed 

separately; furthermore, the southern part of K105A has been surveyed separately to the northern edges 

and is labelled K105AS in our analyses. 

The largest number of adult captures occurred at K105A (50%), with comparatively less in K105B and 

K105AS. However, access to K105AS and K105B was impeded for the first half of the season by operational 

activities in these areas, with the result that search effort was substantially greater in Kk105A. In the previous 

season, K105A was the focus of a significant breeding event which resulted in large numbers of juveniles 

being present that year. This year, a small number of large juveniles were recorded in K105A in round 1, 

which are assumed to have overwintered. A well-defined cohort of juveniles was found at K105B in round 3 

with a model SVL between 34 and 36 mm, which suggests that a breeding event occurred in the first half of 

the season. However, it was not until round 4 that large number of juveniles were detected; K105B and 

especially K105AS were apparently the location of a very large breeding event that followed the late summer 

rains in February. Interestingly, both calling and L. aurea tadpoles were only recorded at K105B (although this 

may also be at least partially a result of constrained survey effort). It is considered likely that dispersal of 

small juveniles between these three sites occurred in March and April following the large breeding event in 

late summer.  

K106 wetlands 

 

 
Figure 3.4.10: Frequency distributions for the K106B and K106C wetlands immediately west of K29. Refer to Fig. 3.4.6 

for explanation of charts. 

K106B is a temporary ephemeral wetland, and along with K106A has previously been a site of a very large 

breeding event (e.g. 2015-16). In this season, comparatively more adult females were detected at K106A 

than adult males, with the opposite being true for K106B. Despite calling being recorded at both wetlands, 

no juveniles were detected in any round.  
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Movement 

Total animals tagged 9,552 up to 
2018-19 

seen in 
2019-20 Total animals recaptured 3,274 

Total movements detected 593 514 79 

Between K22-23 53 53 0 

Within BHP_CHEMP (Ramsar Rd West) 346 326 20 

Within NCIG_CHEMP stages 36 23 13 

Other movements 160 112 46 

 

Approximately 18% of recaptures (593 out of 3,274) indicated L. aurea that moved between wetlands from 

one capture to the next (Table 3.5.3).  Of those, most were relatively small movements, such as within the BHP  

 

  Animal ID (PIT #) Sex Initial date Starting 
point 

End date Destination Minimum 
distance 
(metres) 

In/out of CHEMP (includes between NCIG stages)  

0007D3C8BE M 27/03/2018 NCIG_4.9 19/09/2019 K3 1,218 

0007A35266 M 15/01/2019 NCIG_7.2 24/09/2019 K58B 34 

0007D1FA9F F 05/02/2019 BHP-14B 12/09/2019 BHP-2A 1,022 

In/out of K105A / K29 mosaic 

0007D20811 M 14/11/2017 K23 03/09/2019 K105A 52 

0007D23B9B M 10/12/2018 K105A 12/02/2020 K23 52 

0007A10739 M 20/11/2017 K29 03/09/2019 K105A 201 

0007D27201 M 12/12/2018 K29 03/09/2019 K105A 201 

0007DDFABC M 13/12/2018 K29 03/09/2019 K105A 201 

0007DE3F1C M 13/12/2018 K29 03/09/2019 K105A 201 

0007DDFBCC M 10/12/2018 K105A 28/11/2019 W4 162 

000791EF0C M 12/12/2018 K29 05/11/2019 C1 65 

0007A0BABA F 13/12/2018 K29 28/11/2019 W4 132 

0007A0FD45 M 12/12/2018 K29 28/11/2019 K106C 61 

Other movements 

0007DDFC40 M 18/02/2019 K100A 03/12/2019 K42 1,216 

0007DE2861 F 12/09/2018 K100A 19/09/2019 K111 206 

0007D245BA M 29/10/2018 K100A 18/09/2019 K121 1,145 

0007DDF9BC M 28/01/2019 C2 18/09/2019 K123 51 

0007DDF9C9 M 28/01/2019 C2 18/09/2019 K123 51 

Table 3.5.4: Detected movement between study seasons, for data including 2019-20 season detections. Data sourced 
from multiple studies (see text). Coloured fonts show individuals where multiple movements were detected (compare 
with Table 3.5.5 and Figure 3.5.1Σ ŀƴŘ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǊŜǇƻǊǘ). 

 

Table 3.5.3: Movement detected from recaptures of L. aurea marked with PIT tags. Recaptures are taken to 

indicate a movement if they are located in a different wetland to the previous capture, i.e. they do not include 

movements within a wetland (which can be considerable). Data up to the 2018-19 season was detailed in the 

annual report for 2018-19 (McHenry et al. 2019) (middle column). Additional movements detected in the current 

2019-20 season are summarised in the right-hand column. Most detected movements are between neighbouring 

CHEMP wetlands and between K22 and K23). ¢ƘŜ ΨhǘƘŜǊ ƳƻǾŜƳŜƴǘǎΩ involving movement detected in the 

current 2019-20 season are detailed in Tables 3.5.4 and 3.5.5 and Figures 3.5.1 and 3.5.2.  
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Figure 3.6.2: Evidence for L. aurea breeding in southern Kooragang Island. See Fig. 3.6.1 for explanation.  

A difficulty with detecting L. aurea tadpoles is that positive identification in the field is difficult. In 
contrast, L. aurea metamorphs can be reliably identified in the field and usually (but not always) indicate 
breeding has occurred in the wetland where they were observed. Metamorphs are known to disperse 
over terrestrial habitat and so do not always indicate breeding at a specific wetland; but if present in large 
numbers then breeding can be confidently said to have occurred at the site of detection. Metamorphs 
were detected primarily at wetlands within the Industrial Zone (11 wetlands), as well as in the National 
Park (three wetlands) and BHP compensatory habitat (one wetland) further north. Note that Figures 3.6.1 
shows only the presence/absence of tadpoles, metamorphs etc., not their abundance. The largest 
numbers of metamorphs were seen in four nearby wetlands in the southern region of the Industrial Zone 
(K111, K121, K123 and K123). Almost all metamorphs were detected in Round 4 (March/April 2020), 
though a small number were also detected earlier in Round 2 (November 2019) in K111, K122 and K123.  
 
Juvenile frogs are, of course, mobile and do not provide a reliable indication that breeding as occurred in 
a specific wetland; however, large numbers of small juveniles (SVL < 30 mm) in a wetland are suggestive 
ƻŦ ŀ ŎƻƘƻǊǘ ƻŦ ŦǊƻƎǎ ǘƘŀǘ ƘŀǾŜ ǎǇŀǿƴŜŘ ŀǘ ǘƘŀǘ ƭƻŎŀǘƛƻƴΦ [ŀǊƎŜ ƴǳƳōŜǊǎ όҗ млύ ƻŦ ǾŜǊȅ ǎƳŀƭƭ ƧǳǾŜƴƛƭŜǎ ǿŜǊŜ 
detected in K100A in Round 1, as well as K103, K112, K105B, K111, K113, NCIG dump-station, K121, 
K105AS, BHP-1A, BHP-2A and BHP-3A in Round 4 (March), and Daracon Compound, EP-NE, BHP Borrow 
Pit, NCIG dump-station, K105AS, The Wedge and Area 2 in Round 4.1 (April). The largest number of very 
small juveniles were captured in the Area 2 drift fence. This is a terrestrial habitat up to 300 metres away 
from the nearest wetland from which they might have originated, indicating a dispersal event at the end 
of the season. 
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Size at sexual maturity 

 

 

 

Figure 3.6.4:  Proportions of animals with nuptial pads (top), and proportion of gravid animals (bottom). See text for 
discussion. 

Data from the 2019-20 (Figure 3.6.4) is broadly consistent with the observation from the previous two 
seasons (Section 2.6, Figure 2.6.2) that L. aurea males reach sexual maturity at approximately 50 mm SVL. 
There were some slight differences; the proportion of L. aurea with nuptial pads plateaued at 
approximately 60% in 2016-17, but closer to 80% for both the 2017-18 and 2018-19 datasets. That latter 
percentage was the plateau point for the 2019-20 data as well (Figure 3.6.4). That ~80% plateau was 
achieved at approximately 53 mm SVL, compared to the 60% plateau being achieved at 50 mm SVL in the 
2016-17 dataset.  

The exact point of this plateau does not affect the counts of males (which are positively identified by the 
presence of nuptial pads), but does affect the counts of juvenile females (which are identified by the 
absence of nuptial pads but an SVL greater than 49.5 mm). The data from the current 2019-20 season 
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Figure 3.6.5 shows a strong interaction 
between the presence of Gambusia and 
breeding by L. aurea in 2015-16 and 
2017-18. However, based only on binary 
presence-absence data, there appears to 
be no effect in some breeding years (e.g. 
2016-17 and 2018-19 data). As noted 
previously (McHenry et al. 2019), looking 
simply at presence/absence of 
Gambusia may underestimate this 
effect. Breeding of L. aurea is likely to be 
related to density of Gambusia, not just 
presence. For instance, in K104 there 
was a significant breeding event in 2017-
18; Gambusia was present, but at much 
lower densities than in 2015-16. 
Adjusting for the charts so that wetlands 
with low density and absence of 
Gambusia are grouped together again 
indicates that breeding across all years is 
seen more frequently when Gambusia is 
not abundant (Figure 3.6.5).  

The differences in Gambusia 
presence/absence, as well as density are 
directly related to the hydrology of the 
wetland prior to the breeding season. 
Each of these almost completely dried 
out in the 2018-19 season; whilst 
Gambusia were not eradicated 
completely, their numbers at each 
wetland were evidently substantially 
reduced. 

 

 

 

 

 

Figure 3.6.5: Graphical representation of the data presented in Table 3.6.1. The filled charts at the bottom 
show the 2019-20 adjusted to show counts with low and/or zero densities of Gambusia. 
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Structures  n (captures) 

trees 29 

emergent vegetation 397 

water 211 

ground 131 

man-made structure 11 

ground vegetation 45 

shrubs 3 

 
Table 3.7.1: Broad microhabitat categories of L. aurea 
captures, pooled across the 2019-20 season 

 
 
Litoria aurea individuals were predominantly detected on emergent aquatic vegetation (Table 3.7.1); 

especially the reed plants Bolboschenus, Phragmites, Schoenopelctus and Typha (Table 3.7.2). Individuals 

were also frequently found in the water, most often floating at the surface in amongst algae, or on the 

ground, most often on exposed rocks. Individuals were occasionally found in trees such as Casuarina, and 

on shrubs such as Lantana.  

 

 Wetland Physiognomy 

Score 5 4 3 2 1 

Size Very large Large Med Small Very small 

Openness (tall reeds) Open Nearly open Partially open Nearly closed Closed 

Edge vegetation extent 
(tall reeds) 

Totally surrounded by 
reeds 

Lots Approx. half Small amount Very little/none  

Table 3.6.3: Qualitative scores used for preliminary analysis of the effects of wetland physiognomy upon L. aurea 
abundance; c.f. Fig. 3.6.1, Fig.3.6.2. 
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Several conversion factors are considered when estimating population size. Min, mean, and max values for 

the conversion factor are obtained for each year based on the animal detected/population ratio found for 

each CMR wetland. We use five of these potential values: 

1. Min-lower: the minimum value of the <detected/population> ratio, using the lower estimate of 

population size. 

2. Mean-lower: the mean value of the <detected/population> ratio, using the lower estimate of 

population size. 

3. Mean-N-hatΥ ǘƘŜ ƳŜŀƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ғŘŜǘŜŎǘŜŘκǇƻǇǳƭŀǘƛƻƴҔ ǊŀǘƛƻƴΣ ǳǎƛƴƎ ǘƘŜ ǇǊŜŦŜǊǊŜŘ όΨb-ƘŀǘΩύ 

estimate of population size. 

4. Mean-upper: the mean value of the <detected/population> ratio, using the upper estimate of 

population size. 

5. Max-upper: the maximum value of the <detected/population> ratio, using the upper estimate of 

population size. 

These conversion factor values are then applied to the VES detection data in order to generate estimates 

of overall population size in each survey round. These min and max values, once applied to the VES data, 

provide min and max estimated population size boundaries which the true population size likely falls within. 

The final step in making the island-wide population estimate is to adjust for those wetlands that are too 

large to fully survey in a 30 minute VES. For these, the proportion of the wetland surveyed during VES was 

measured using GIS to calculate an area weighting. The estimates for total population size (L. aurea җ пл 

mm SVL) for the VES surveyed wetlands are shown in Table 3.8.6. 

 

 

Using VES data to convert CMR results into an island wide estimate of L. aurea population  

 

  
min-
lower 

mean-
lower 

mean-N-
hat 

mean-
upper 

max-
upper 

    Non CHEMP   

Round 1 1,171 2,184 2,598 3,317 8,185 

Round 2 413 839 998 1,275 3,145 

Round 3 549 1,114 1,325 1,691 4,173 

   CHEMP   

Round 1 244 495 589 752 1,855 

Round 2 215 436 518 662 1,633 

Round 3 48 97 115 147 363 

      Total     

Round 1 1,414 2,679 3,187 4,069 10,040 

Round 2 628 1,275 1,517 1,936 4,778 

Round 3 596 1,211 1,440 1,838 4,536 

 

Table 3.8.6: Population estimates for 47 non-CHEMP and 13 CHEMP wetlands. Estimates are based on the pooled 
conversion factors from the past three breeding seasons (Table 3.8.5).  
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3.9 Multi-year occupancy 

To provide a spatio-temporal context for occupancy of Kooragang Island by L. aurea, data from 2014-20 

(i.e. six complete seasons) was analysed with respect to the subdivisions outlined in Section 2.2: 

1. Jurisdiction: i.e. the organisations responsible for / active on various parts of the island. 

2. Zone: splitting the island into three large-scale regions. 

3. Region: subdivisions of zones, bounded broad geographic distance, at a scale of ~2 km. 

4. Subregion: bounded by rail-lines, roads, and creeks, at a scale of up to ~1 km. 

The following charts show data from survey counts, broken down by these four criteria. Survey count data 

is summarised according to: 

i. VES detected (number of L. aurea detected during primary VES surveys) 

ii. Total detected (number of L. aurea detected during all surveys) 

iii. Search sensitivity (a proxy for density; the number of animals detected in VES divided by 

search effort) 

Raw survey counts are not subject to the various assumptions inherent in estimating populations from 

robust modelling, and can therefore provide an additional and useful perspective on spatio-temporal 

trends in occupancy. However, they are a product of both occupancy and search effort; thus, in 

interpreting the counts to understand occupancy, it is important to take into account search effort. The 

landscape of Kooragang Island is not constant, and search effort and detectability has changed from year 

to year as new wetland habitats are created, and some old ones go through vegetative and hydrological 

changes.  

For the data presented here, no single table provides a complete picture of L. aurea occupancy. Rather, 

the data for VES Detected, Total Detected, and Search Sensitivity should be viewed together. Large 

wetlands may contain large numbers of frogs (high values of VES Detected and Total Detected) at low or 

medium densities (lower values of Search Sensitivity). Conversely, small wetlands may contain high 

densities of frogs but with low overall numbers.   

 

The search effort (measured in person.minutes) of VES surveys across the last six seasons is shown in 

Table 3.9.1. Total search effort has increased steadily across this time. Compared to last year, search 

effort has again increased in the Central and Southern Zones, though the Northern Zone has seen a 

relative decline (c.f. Table 2.5.1). The HDC jurisdiction has seen a considerable increase in search effort in 

2019-20 compared to all previous years. Each wetland takes a minimum of 90 person.minutes to survey 

over the season, and most take considerably more; as new wetlands have been constructed (HDC 

wetlands in the Industrial Zone, CHEMP wetlands in the Central and Northern Zones), the number of 

NPWS, PWCS, HDC (BHP) and RMS wetland surveys have been reduced slightly to keep survey logistics 

manageable. Search effort remains well distributed across the island as a whole (Figure 2.5.2).  
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 All animals (not including mets)       

 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 

Jurisdiction         

NPWS 2028 3693 2758 1460 1560 1851 

NCIG_CHEMP 0 0 0 296 2228 953 

BHP_CHEMP 30 279 0 1523 1483 2153 

PoN 1475 697 1033 423 641 358 

PWCS 2347 2224 3305 4563 4600 999 

NCIG 104 348 319 574 680 128 

HDC 393 720 848 1681 1677 9295 

HDC (BHP) 1304 615 442 582 506 0 

RMS 298 278 156 0 0 0 

Zone          

Nth 1027 1617 1056 1040 3014 1654 

Central 2423 3052 2735 2662 2898 3661 

Southern 4446 4185 5070 7400 7463 10422 

Region          

Hunter North River 611 657 395 414 1021 620 

School House 469 960 661 626 1993 1034 

Cobbans Creek 458 1132 651 1728 1805 2507 

Bellfrog Way 1995 1920 2084 934 1093 1154 

Industrial Zone North 2093 1783 2887 3924 3840 5452 

Industrial Zone South 2353 2402 2183 3476 3623 4970 

Subregion          

Scott's Point 174 264 201 259 726 437 

Riverside park 437 393 194 155 295 183 

Wet meadow 395 678 448 410 426 414 

Millam's Pond 74 282 213 216 1567 620 

Ramsar Road West 110 564 258 1601 1587 2251 

Ramsar Road East 348 568 393 127 218 256 

Bellfrog Way West 152 403 350 205 201 376 

Bellfrog Way NE 270 588 465 306 251 420 

Bellfrog Way SE 1573 929 1269 423 641 358 

Delta Ponds 435 195 570 881 845 999 

KIWEF K7 1436 1441 1823 2037 1007 2025 

NCIG rail central & east 240 507 496 775 941 764 

Rail loop (K10 Nth) 393 606 596 902 730 1568 

Cormorant Road 298 278 156 0 0 0 

Rail loop SW (K10 Sth) 27 110 112 725 906 1372 

NCIG rail south 1345 555 474 405 529 657 

KIWEF K2 50 346 349 669 517 609 

Deep pond 222 147 494 1006 1988 1731 

KIWEF K5 (Area 2) - - - - 0 697 

 

Table 3.9.1: Search effort (in person.minutes) across the latest 2019-20 season along with the previous five  
seasons, tabulated by Jurisdiction, Zone, Region, and Subregion. Note that search effort is measured for visual 
encounter surveys (VES) only. 

 

  





Kooragang Island Wide Surveys for Green & Golden Bell Frogs, 2019-20 
 

 

110 
 

 

 

All animals (not including mets) 
    

Adults only 
  

 

2014-
15 

2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20  

2014-
15 

2015-
16 

2016-
17 

2017-
18 

2018-
19 

2019-
20 

Zone                         

Nth 0.01 0.00 0.00 0.01 0.03 0.03  0.00 0.00 0.00 0.00 0.02 0.03 

Central 0.04 0.03 0.04 0.17 0.12 0.16  0.02 0.01 0.03 0.08 0.06 0.07 

Southern 0.08 0.03 0.22 0.13 0.19 0.16  0.03 0.02 0.08 0.07 0.09 0.05 

Region                          
Hunter North 
River 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 

School House 0.02 0.00 0.00 0.01 0.05 0.04  0.01 0.00 0.00 0.00 0.03 0.04 

Cobbans Creek 0.03 0.03 0.00 0.23 0.17 0.20  0.03 0.02 0.00 0.10 0.08 0.06 

Bellfrog Way 0.04 0.03 0.06 0.06 0.05 0.08  0.02 0.01 0.03 0.05 0.03 0.08 
Industrial Zone 
North 0.15 0.05 0.19 0.17 0.22 0.11  0.06 0.03 0.10 0.09 0.12 0.04 
Industrial Zone 
South 0.01 0.01 0.26 0.10 0.15 0.21  0.01 0.00 0.06 0.04 0.06 0.06 

Subregion                          

Scott's Point 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 

Riverside park 0.00 0.00 0.00 0.00 0.00 0.01  0.00 0.00 0.00 0.00 0.00 0.01 

Wet meadow 0.02 0.00 0.00 0.00 0.02 0.00  0.01 0.00 0.00 0.00 0.01 0.00 

Millam's Pond 0.00 0.00 0.00 0.02 0.05 0.07  0.00 0.00 0.00 0.00 0.04 0.07 
Ramsar Road 
West 0.01 0.04 0.01 0.25 0.19 0.22  0.01 0.02 0.01 0.11 0.09 0.07 

Ramsar Road East 0.03 0.01 0.00 0.00 0.00 0.04  0.03 0.01 0.00 0.00 0.00 0.00 

Bellfrog Way West 0.02 0.00 0.00 0.01 0.02 0.03  0.01 0.00 0.00 0.00 0.01 0.02 

Bellfrog Way NE 0.03 0.01 0.01 0.00 0.02 0.03  0.02 0.01 0.00 0.00 0.02 0.03 

Bellfrog Way SE 0.04 0.05 0.09 0.12 0.07 0.20  0.02 0.02 0.05 0.10 0.05 0.20 

Delta Ponds 0.47 0.32 0.18 0.17 0.19 0.08  0.08 0.18 0.10 0.07 0.11 0.05 

KIWEF K7 0.08 0.01 0.20 0.14 0.09 0.07  0.06 0.01 0.10 0.11 0.07 0.05 
NCIG rail central & 
east 0.00 0.02 0.20 0.12 0.16 0.11  0.00 0.01 0.15 0.07 0.08 0.05 

Rail loop (K10 Nth) 0.04 0.03 0.64 0.09 0.09 0.19  0.03 0.01 0.05 0.02 0.06 0.05 

Cormorant Road 0.00 0.00 0.04 - - -  0.00 0.00 0.02 - - - 
Rail loop SW (K10 
Sth) 0.00 0.00 0.14 0.07 0.26 0.44  0.00 0.00 0.09 0.03 0.07 0.08 

NCIG rail south 0.01 0.00 0.12 0.10 0.13 0.05  0.00 0.00 0.04 0.05 0.04 0.04 

KIWEF K2 0.04 0.00 0.03 0.11 0.07 0.05  0.04 0.00 0.02 0.07 0.03 0.03 

Deep pond 0.01 0.03 0.18 0.22 0.30 0.15  0.01 0.02 0.08 0.07 0.15 0.06 

KIWEF K5 (Area 2) - - - - - 0.15   - - - - - - 

Table 3.9.3:  Search sensitivity for the latest 2019-20 season along with the previous five seasons, summed for 
Jurisdiction, Zone, Region, and Subregion. The numbers indicate the number of frogs detected per person.minute of 
search effort, i.e. for a value of 0.25, one frog is detected every four person.minutes of search effort. 

The overall trend continues to be an increase in the abundance of L. aurea over the six years from 2014-

15 to 2019-20. This does not appear to be a simple result of the increase in search effort. Search 

Sensitivity (Table 3.9.3), which is defined as the number of animals detected during VES per unit of search 

effort, has also increased steadily over this time. However, while search sensitivity in 2019-20 compared 

to the previous year has increased in the Central Zone, it has remained the same in the Northern Zone  
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4. Discussion  

 

Conservation biology of L. aurea on Kooragang Island 
 

1. Population size: Averaging model estimates from capture-mark-recapture data over the previous 
three breeding seasons indicates that a total of approximately six L. aurea individuals with SVL җ 40 
mm are generally present for every one individual detected during VES. Based on this ratio, and the 
number of VES detections obtained during island-wide surveys of 60 wetlands this year, the L. aurea 
population of Kooragang Island is currently standing at approximately 3,000. This is similar to the 
calculations obtained for the 2017-18 season, though smaller than for calculations obtained for 2018-
19, and could suggest that the population is starting to stabilise after a long term but gradual upward 
trend since 2010-11. This season, nearly half of the population was located at constructed wetlands, 
indicating that these man-made aquatic sites are providing the necessary resources for L. aurea 
occupation and usage.    
 
Raw counts of abundance and density also suggest that, from 2014, population levels have continued 
to increase but that they have possibly also started to stabilise. Only slight increases have been seen 
across the Northern, Central and southern Industrial Zones, while a decrease has been seen in the 
northern Industrial Zone.  
 
Applying pooled model estimates or consistent estimates to VES data each year may be an effective 
means of comparing population sizes between years and should be continued.  

 
2. Demography 

a. Age/sex class structure: For those frogs where age/sex class was identified, less than a third of 
individuals detected in each round were metamorphs or juveniles. Of the individual adults 
captured and identified, approximately one half to two-thirds were male. These proportions 
are broadly consistent with the pattern from recent seasons.  
 
Several cohorts of younger L. aurea could be identified. Juveniles detected early in the season 
in Round 1 likely overwintered as tadpoles. A new cohort of juveniles was detected in Round 2, 
likely linked to rainfall events that occurred earlier in September and indicating that breeding 
occurred in the first half of the season. However, it was not until the end of the season, after 
heavy rainfall in February, that large numbers of both metamorphs and juveniles were 
detected. Few juveniles were captured and/or tagged despite the large numbers detected in 
Round 4 and 4.1. This is primarily due to detections occurring during non-capture rounds.  

  
d. Recruitment: 16 wetlands within the Industrial Zone held either tadpoles and/or metamorphs 

at some point during the 2019-20 breeding season. The largest numbers were recorded at K111 
and K121 in the latter half of the season, both of which are in the southern Industrial Zone. This 
is in contrast to the previous season, where the largest breeding event took place in K105A 
within the northern Industrial Zone. Breeding events were also recorded at one of the BHP-
CHEMP wetlands and three wetlands within the Central Zone. One small juvenile was also 
detected in one of the wetlands situated in the Northern Zone, suggesting that breeding took 
place here as well. If this is the case, then breeding occurred across all zones this season. Later 
in the season, large numbers of juveniles were detected at K121, and also K105AS. Throughout 
April, a large dispersal event was recorded in the K10 and K3-K5 areas of the Industrial Zone. 
This event involved the detection of many hundreds of very small juvenile L. aurea in 
operational and construction sites. From the size of the animals detected, they were spawned 
in the February rainfall event and had all recently metamorphosed and apparently dispersed 
away from their natal wetlands following rain in late March ς early April, i.e. at the time of their 
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advantage of this situation, ensuring that the fish does not re-invade sites where they are 
now absent.   

Chytrid: In the early spring (2019) survey round we swabbed 208 captured L. aurea, with 
the objective of measuring Bd prevalence at that time. Bd (Batrachochytrium 
dendrobatidis) is the fungal pathogen that causes the disease chytridiomycosis (chytrid), 
responsible for more than 40% of global amphibian declines over the last three decades. 
This is the most effective time within the IWS sampling season to detect Bd as it is a 
winter-active pathogen that exists in water and moist soil during the cooler months on 
the east coast of Australia. The mean infection load across the total number of individuals 
swabbed was 25 zoospore equivalents (SE±1.3), however the results of 66 samples either 
had very low Bd levels of non-specific amplication and are thus unreliable. When 
excluding these data, almost 40% of individuals swabbed were infected with Bd with a 
mean infection load of 35 zoospore equivalents (SE± 0.29), suggesting infection loads 
were similar across all individuals where swabs were not inihibited (able to be confidently 
analysed using the quantitative polymerase chain reaction analysis). The disease-inducing 
threshold of Bd infection for L. aurea has not been consistently confirmed for both adults 
and juveniles of the species under laboratory and field conditions and infection load is 
likely to be influenced by a complex combination of individual fitness and environmental 
conditions.  

Chytrid is known to be strongly affected by temperature and salinity, with temperatures 
above 22°C and salinity levels greater than 3 ppt substantially reducing infection load 
(Heard et al. 2015; Stockwell et al. 2012). Within its former range, L. aurea is understood 
to persist only in locations where environmental conditions lead to reduced chytrid load 
via temperature and salinity effects.       

 
For wetlands on Kooragang Island, salinity is affected by wetland connections with 
estuarine groundwater and/or sediments with concentrations of salts. Based on work by 
Heard and colleagues on microhabitat factors in wetland in central Victoria, temperature 
is affected by wetland size (larger wetlands are warmer) and the amount of tall 
vegetation shading the water surface (Heard et al. 2015). Both of these factors are known 
to vary across Kooragang, and it is therefore likely that a number of wetlands on the 
island have environmental conditions that reduce chytrid load and thus provide some 
protection to L. aurea.       

 
Discerning these relationships in the field is difficult, however, Callen (2018) noted that, 
whilst the presence of saline wetlands in the landscape is likely an important factor in the 
local survival of L. aurea, a straightforward connection between salt levels 
and L. aurea survival at specific wetlands cannot be demonstrated in the field ς despite 
the fact that such a relationship can be clearly demonstrated in laboratory experiments 
(Stockwell et al. 2012). Rather than establishing a straightforward connection between 
salinity and L. aurea survival at specific wetlands, Callen emphasises that L. aurea survival 
is likely increased if they have access to saline wetlands somewhere within their local 
landscapes. A similar pattern may apply for temperature, and this logic is a key 
component of the concept of the habitat mosaic. Lǘ ǿƻǳƭŘ ōŜ ǳǎŜŦǳƭ ǘƻ ƘŀǾŜ ŀ ΨǿŜǘƭŀƴŘ-
by-ǿŜǘƭŀƴŘΩ ƻǊ ΨǊŜƎƛƻƴ-by-ǊŜƎƛƻƴΩ ƛƴǎƛƎƘǘ ƛƴǘƻ Ƙƻǿ chytrid load varies across the island, 
but this requires very high levels of sampling and has thus far not been attempted.  
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Specific management issues relevant to research partners 
 

6. Habitat corridor mitigation strategy: The extent of wetland habitat, connectivity, and variation in 
wetland hydroperiod across the southern Industrial Zone has increased markedly in recent years, 
primarily as a result of the construction of nine wetlands by HCCDC since 2015. The density and 
abundance of L. aurea in this region has increased markedly over the last four seasons (Section 3.9), 
and breeding now occurs frequently (Section 3.6). As such, the strategy to improve L. aurea 
ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ ΨǎƻǳǘƘŜǊƴ ŎƻǊǊƛŘƻǊΩ Ƙŀǎ ōŜŜƴ ǎƻƳŜǿƘŀǘ ǎǳŎŎessful. Further, the recorded 
movement of adult frogs between the northern and southern Industrial Zones indicates sufficient 
connectivity, which could be improved by the addition of wetlands less than 500 metres apart for 
individuals to use as refuge while migrating across the site.  
 
While the southern Industrial Zone has become key habitat for the persistence of L. aurea on 
Kooragang Island, it is currently lacking in large, permanent wetlands that may be critical refuge 
during particularly dry periods throughout the year. Historically, this role was filled by K108, which 
has now declined in terms of hydroperiod and extent of open water as a result of industrial 
landscape changes in the vicinity. In 2019, three new cluster ponds were installed in K10 South, in 
between K121 and K122 to produce additional deep permanent refuge habitat in and around the 
rail loop. However, further efforts should be made to provide larger permanent wetlands in the 
southern Industrial Zone as well, to ensure that this habitat mosaic is able to adequately provide all 
necessary resources for both local persistence all year round and breeding.  

 
7. Rail infrastructure mitigation strategy: At the time that the NCIG rail infrastructure was 

constructed, there was (reasonable) concern that this infrastructure would reduce the extent and 
connectivity of wetland habitat across the southern part of the Industrial Zone. Direct impacts upon 
the existing wetland habitat were contained to a stretch of wetland at the east edge of K102 where 
the dump station is now located, and the southern part of Deep Pond that now divides K105A and 
K105B (Figure 4.6.1). Indirect impacts may include the change in wetland hydroperiod of the 
Eastern Ponds (K108). What is unequivocal is the separation of large parts of the southern Industrial 
Zone from the northern region by rail tracks and associated infrastructure. 

Although the potential for railways to impede movement of animals across the landscape is real, 
there is evidence to indicate that adults do not avoid traversing them. In particular, significant 
movements between the northern and southern Industrial Zones were detected in the 2019-20 
season between wetlands situated within (e.g. K115) or east of the rail loop (K100A) and K105A. 
Movement that required animals to go over or under rail lines was also detected in the northern 
zone between K105B to K105AS. Although it is not yet possible to say if railway infrastructure 
represents a partial hindrance to movement of L. aurea across the landscape, it is clear that it does 
not constitute an absolute barrier, though further research is required to determine whether 
assistance in movement across the rail line is needed into the future. 

8. Constructed wetland strategy: Over the last decade, there have been several phases of artificial 
wetland construction across the island: 

i. The 'cluster ponds' installed by PWCS; in both the northern and southern regions of the 
Industrial Zone. 

ii. The HDC wetlands constructed as part of closure works in the southern region of the 
Industrial Zone, 

iii. The NCIG CHEMP wetlands in the Northern Zone of the island, and 
iv. The BHP CHEMP wetlands in the Central Zone of the island. 

Each of these phases are now occupied by L. aurea at some level. Altogether these constructed 
ǿŜǘƭŀƴŘǎ ŀǇǇŜŀǊ ǘƻ ǎǳǇǇƻǊǘ ƴŜŀǊƭȅ ƘŀƭŦ ƻŦ ǘƘŜ ƛǎƭŀƴŘΩǎ L. aurea population.   







https://nova.newcastle.edu.au/vital/access/%20/manager/Repository?view=null&f0=sm_identifier%3A%22http%3A%2F%2Fhdl.handle.net%2F1959.13%2F1388339%22&sort=ss_dateNormalized+desc%2Csort_ss_title+asc
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different response by GGBF in the system.  Further investigation and research (including replication of 

disturbance events) will be required to develop a clearer understanding of the benefits, or otherwise, or such 

adaptive management actions in the landscape for optimising GGBF population density in the system. 

4.3 A brief overview of population status of GGBF in the NCIG constructed habitats (Jan 2018 – April 2020) 

A more complete statistical and modelling analysis of GGBF and landscape data (2018-2020) is being 

undertaken by D. Lenga which will more fully delineate the population and habitat status of the GGBF 

population within the constructed habitat system.  However, some general conclusions, which may inform 

future management actions and research aimed at optimising outcomes for GGBF in the system can be drawn 

from the summary data across this period are presented in Tables A2.1, A2.2 and A2.3.   Table A2.3 is 

particularly informative as a summary of occupancy and breeding events in the system. 

It should be noted that introduction of captive-bred GGBF into the constructed habitats ceased in 2017 (NCIG, 

2017), so beyond this period, the population has relied on natural recruitment (breeding, and potential 

migration into the system).   

(i) Breeding events have been demonstrated in the system in each breeding season from 2017/2018 

(Table A2.3). 

(ii) The frequency of breeding events is relatively low in the system, given the large area 

(approximately 75 ha) and the number of constructed wetlands available to the GGBF.  This may 

be associated with 3 seasons of below average (Tables A2.5; Fig A2.1) rainfall and above average 

temperatures (Table A2.6) during substantial periods of the year (especially 2018/2019; 

2019/2020).  However, the argument for this being a purely climate-driven outcome is 

challenged by records of larger, and often explosive breeding events in other parts of the 

Kooragang-Ash Island system (McHenry et al, 2019; 2020). 

(iii) GGBF population persists across the constructed habitats system (Table A2.3).  The population 

has persisted across the system, although the density of records, and most breeding events are 

concentrated in around half of the Stages (4, 5, 6, 7).  Of these, the smaller Stage 7, which is 

closest to the BHP managed habitats (centre of the Island) and Industrial sections of the 

Kooragang-Ash Island system has the highest level of GGBF breeding activity and occupancy.  

Various factors (not fully understood) may contribute to this variability across the landscape. 

Stages 1 to 3 were heavily burnt during Feb, 2018, but GGBF were located in the post-fire 

landscape.  Nevertheless, breeding and occupancy has been low in those stages since September, 

2018.   

(iv) As with breeding, climate does not fully explain the low population density in the constructed 

habitats.  The “sensitivity” metric is a measure of frequency with which GGBF are encountered 

during surveys.  The density of GGBF in the NCIG habitats is lower than in the BHP habitats (centre 

of the Kooragang-Ash Island system) and in the Industrial Area of the island (eastern section of 

the Kooragang-Ash Island system) using this metric; see Tables 3.1.2; 3.9.3 (McHenry et al, 2019), 

also McHenry et al, 2020 (draft report). Further analysis of the data and modelling may shed 

further insight into the spatial heterogeneity across the constructed habitats, but further 

research is likely to be required to fully understand the drivers of GGBF dynamics in the NCIG 

CHEMP constructed habitats. 

4.4 Ongoing Research and Monitoring Questions: 

Important questions regarding the dynamics of the NCIG CHEMP system were identified in the previous 

report (Lenga & Clulow, 2019).  These continue to be relevant and are re-stated here.  

(1) Trend in NCIG CHEMP breeding activity and population trends in comparison to other Ash 

Island/Kooragang Sites.  
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5.1 0 0 0 1 5 5  0 0 0 0  0  0 0  0 11 

5.2 0 0 1  0 1  0 0 0 0  0  0 0  0 2 

5.3 0 0 0  1 0  0  0 0  0  0 0  0 1 

5.4 0 0 1  0 0  3  0 0  0  2 3  1 10 

5.5  0 0  0 0  0 0 0 0  0  0 0  0 0 

5.6  0 0  0 0  1 0 0 0  0  1 0  0 2 

5.7  0 0  0 0  0  1 0  0  0    1 

5.8  0 0  0 0  9  0 0  0  0    9 

6.1 0 0 5  0   0   2    0 0   7 

6.2 0 0 0  0   0   1    0 1   2 

6.3 0 0 0  0   0   0    0 0   0 

6.4 0  0            0    0 

6.5  0 1            0    1 

6.6  0 1  0   1   1  2  6 0   11 

7.1 1 0 0 5 0 4 3 34 7 5 0 0 0 0 1 0 2  62 

7.2 0 0 5 9 1 7 11 18 1 0 1 4 0 1 1 5 5  69 

7.3 0 1 2 3 0 0 5 19 16 12 1 5 7 1 2 0 1  75 

K58B   0 0 2 0 0 0 0 0 1 0 0 0 0 4 0  7 

K2     0 0  0   0     0  0 0 

K3      1 1    0  0   0  0 2 

K4      0  0   0  0   0   0 

K5     0   0   0     0   0 

K7     0   0   0     0   0 

T-13     0   3   0  0  1 0  1 5 

T-14     0   0   0  0  0 0  0 0 

T-15     0   0   0  0  0 0  0 0 
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APPENDIX 8 
NCIG COMPENSATORY WETLANDS 

  









Species 18 Jan 19 08 Feb 19 08 Mar 19 05 Apr 19 17 May 19 14 Jun 19 19 Jul 19 16 Aug 19 12 Sep 19 11 Oct 19 15 Nov 19 13 Dec 19 Total

Australasian Shoveler 9 4 8 5 26
Australasian Pipit 1 1
Australian Pelican 15 18 1 1 35
Australian White Ibis 20 3 1 24
Australian Wood Duck 2 2
Australian Reed-Warbler 2 4 6
Black Swan 110 22 2 33 7 58 73 103 198 6 612
Black-fronted Dotterel 26 33 6 2 67
Black-shouldered Kite 1 1
Black-tailed Godwit 58 43 36 137
Black-winged Stilt 250 247 2 55 37 2 3 66 51 250 963
Cattle Egret 5 5
Chestnut Teal 8 30 2 22 62
Common Greenshank 25 13 24 62
Common Myna 2 2 4
Double-banded Plover 7 7
Dusky Moorhen 6 1 7
Eastern Curlew 0
Eurasian Coot 850 60 910
Fairy Martin 2 1 2 5
Glossy Ibis 7 7
Golden-headed Cisticola 2 2
Great Egret 2 2
Grey Teal 90 740 14 112 4 560 1520
Hardhead 10 8 18
Little Black Cormorant 1 1
Little Pied Cormorant 1 1
Magpie-lark 1 1
Marsh Sandpiper 1 47 96 144
Masked Lapwing 14 14 14 2 8 11 21 6 90
Pacific Black Duck 65 2 2 69
Purple Swamphen 9 2 3 14
Red-capped Plover 6 6
Red-necked Avocet 120 33 35 520 708
Red-necked Stint 4 4
Royal Spoonbill 1 23 24
Sharp-tailed Sandpiper 140 41 2 12 195
Silver Gull 6 1 7
Spotted Harrier 1 1
Swamp Harrier 2 1 3
Welcome Swallow 30 2 32
Whiskered Tern 2 2
Whistling Kite 1 1 2
White-bellied Sea-Eagle 3 3
White-breasted Woodswallow 6 6
White-faced Heron 7 1 8
Total 1846 1362 23 157 104 23 71 216 184 266 1545 9 5806

Species in bold font are listed as threatened under the Biodiversity Conservation Act  (NSW) 2016 and/or the EPBC Act 1999

Avifauna Survey 2019 - Kooragang Island - Deep Pond North

Light grey shading indicates resident shorebird species

Dark grey shading indicates migratory shorebird species
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