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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 Project Contacts 
Contact Details for the Project are provided below: 

 

Chief Executive Officer    

Aaron Johansen   

Phone: (02) 4920 3954   

Email: ajohansen@ncig.com.au   

 

Manager – HSEC  

(Environmental Representative)  

Nathan Juchau  

Phone: (02) 4920 3965  

Email: njuchau@ncig.com.au 

 

1.4 Project Background 
The Newcastle Coal Infrastructure Group (NCIG) Coal Export Terminal (CET) (the Project) is 
located on Kooragang Island in Newcastle, New South Wales (NSW) (Figure 1).  The Project 
includes the construction and operation of a CET 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. 

mailto:pbeale@ncig.com.au
mailto:njuchau@ncig.com.au
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Figure 1:  Project location 
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Figure 4: NCIG Site Overview Facing North 

 
Figure 5: NCIG Site Overview at Night 
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Figure 16: Monthly Depositional Dust 

 

Figure 17: Annual Average Depositional Dust 

Average depositional dust results were below the monthly criteria of 4 grams per square metre per 
month (g/m2/month) at all depositional dust gauge locations aside from DG3 located at Kooragang 
Island and DG6 located at Mayfield Rail (Figure 17).  

Figure 16 shows that individual monthly samples from DG3 exceeded the 4g/m2/month criteria 
between October 2015 and December 2015. The spike in depositional dust of 46.9g/m2/month in 
November 2015 was partially due to contamination of the gauge at Kooragang Island with insects 
and bird droppings, confirmed by the laboratory report. 

Figure 18 also shows that individual samples from DG6 at Mayfield Rail exceeded the 4g/m2/month 
criteria in December 2015. The exceedance at DG6 is unlikely to be due to NCIG activities as the 
gauge is located over 1km from the site boundary and there are commercial activities within the 
immediate vicinity of the gauge. 

Air quality monitoring results from High Volume Air Sampling (HVAS), as they relate to both Total 
Suspended Particulate (TSP) and Particulate Matter with an equivalent aerodynamic diameter less 
than 10 Microns (PM10), are displayed in Figure 18 and Figure 19. 
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¶ At the cessation of the Project, if any salvaged Aboriginal objects are stored on-site their 
ongoing management will be determined in consultation with the Aboriginal community and the 
OEH. 

3.8.2 Environmental Performance 
During the reporting period induction training was attended by all NCIG personnel. This training 
included information relating to aboriginal heritage and the potential identification of items of 
archaeological significance. 

During the reporting period there were no items of potential Aboriginal cultural heritage 
significance identified.  

3.8.3 Reportable Incidents 
No incidents or complaints were reported relating to heritage during the reporting period.  

3.8.4 Further Improvements 
No improvement to heritage is required for the next period.  

3.9 Ecology 
3.9.1 Environmental Management 

In accordance with Conditions 2.16 and 2.19, Schedule 2 of PA 06_0009 NCIG employed two 
qualified ecologists (Dr David Goldney and Dr Arthur White), approved by the Director-General, to 
undertake a pre-construction survey of areas affected by construction works for the presence of 
Litoria aurea (the Green and Golden Bell Frog) (see Figure 23). These ecologists also provided 
advice on the mitigation and management of impacts to listed threatened species that may be 
affected by the NCIG Project works.  

 

 

 

 

 

 

 

 

Figure 23:  The Green and Golden Bell Frog (Litoria aurea) 

While Green and Golden Bell Frog individuals were not identified during the pre-construction 
survey, previous surveys have identified the presence of the species on the Project site.  Therefore 
a management plan for the relocation of Green and Golden Bell Frog individuals was prepared in 
accordance with Condition 2.16, Schedule 2 of PA 06_0009. The Green and Golden Bell Frog 
Management Plan (GGBFMP) was developed in consultation with DECC (now OEH) and the Regional 
Land Management Corporation (now HDC). This plan has now been incorporated into the Ecological 
and Land Management Plan. 

In accordance with Condition 2.17, Schedule 2 of PA 06_0009 NCIG has designed and constructed 
relevant rail infrastructure associated with the Project to include culverts, underpasses or other 
similar measures to permit the movement of Litoria aurea and other amphibian species under the 
NCIG rail infrastructure (see Error! Reference source not found.).  The culverts and 















Newcastle Coal Infrastructure Group    NCIG Coal Export Terminal  
23 May 2017   Page 46 
 

 

  
 

 Z:\Projects\NCIG\AS130489 Annual Environmental Monitoring Report 2016\Reporting\AS130489 NCIG AEMR 2016 FINAL.docx  

 

Table 3.14: Avifauna 2015 Monitoring Results – Deep Pond North 

 
Species 16/1/15 20/2/15 20/3/15 17/4/15 15/5/15 19/6/15 17/7/15 14/8/15 11/9/15 10/10/15 14/11/15 10/12/15 Total 

Red-necked Avocet Recurvirostra 
novaehollandiae 

10 520 611 361         1502 

Black-fronted Dotterel Elseyornis 
melanops 

 2 3 26   1  1    33 

Red-kneed Dotterel Erythrogonys 
cinctus 

  3          3 

Masked Lapwing Vanellus miles   6          6 

Silver Gull Chroicocephalus 
novaehollandiae 

 9           9 

Spotless Crake Porzana tabuensis              

Black-winged Stilt Himantopus 
himantopus 
 

101 35 444 19        55 654 

Marsh Sandpiper 
Tringa stagnatilis 

42 41 41          1 

Musk Duck Biziura lobata   1  2  3      6 

Black-tailed Godwit Limosa Limosa   8          8 

Total 2015 694 1491 4007 1105 20 236 240 36 210 7 28 130 8,204 
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The Vegetation Clearance Protocol (VCP) was implemented to minimise impacts on threatened 
flora and fauna species within the Project area.  The key components of the VCP are outlined 
below and include:  

¶ Delineation of areas to be cleared of existing vegetation;  
¶ Pre-clearance surveys; 
¶ Managing impacts on fauna; and 
¶ Vegetation clearance procedures. 
In accordance with Condition 2.19A, verification of the extent of habitat disturbance at the western 
deviation (western side of the Kooragang Main Rail Line) was undertaken following the completion 
of the rail flyover. Verification was achieved through pre and post construction ecological surveys 
and confirmed by the approved project ecologist Dr Arthur White. The surveys indicated that the 
total area of land disturbed, including fresh water wetland, saltmarsh, mangrove forest, disturbed 
land and water bodies, complied with the defined limits of habitat disturbance for the flyover 
infrastructure works. 

3.9.3 Compensatory Habitat and Ecological Monitoring Program 
A number of works have been undertaken in relation to the CHEMP between July 2015 and June 
2016. The following points highlight the major works undertaken and milestones achieved during 
this reporting period.         

Consultative Board –Consultative Board meetings were held on 28 July and 15 December 2015. 
The purpose of the Consultative Board meetings are to provide information on the Compensatory 
Habitat planning works completed to date and provide guidance on works to be completed, 
particularly in the coming 12 months. The Board consists of representatives from NSW Planning 
and Environment, NSW Office of Environment and Heritage (National Parks and Wildlife Service), 
Hunter-Central Rivers Local Land Service, the University of Newcastle, the DoPI-Approved 
Ecologist for the NCIG Project, Hunter Bird Observers Club (HBOC) and NCIG. At each meeting, 
papers have been presented on a range of topics for the consideration and discussion of Board 
members. The topics discussed included updates on the following: 

¶ Research areas and monitoring; 
¶ Green and Golden Bell Frog Compensatory Habitat 
¶ Compensatory Habitat Management; 
¶ Migratory Shorebird habitat creation. 
 

Research Areas and Monitoring – The NCIG Trial Site comprises 16 ponds constructed for a 
pond choice experiment for the green and golden bell frog reintroduction program. 8000 tadpoles 
and/or newly metamorphosed bell frags were introduced into the trial site in early 2013 and a 
further 12,000 tadpoles and/or newly metamorphosed bell frags were introduced in late 2013. 
These represent two cohorts, one that reached two years of age in the summer of 2014/15 and 
the second that reached one year of age in the summer of 2014/15. 

The 16 ponds constructed are either shallow (0.5m) or deep (1.5m) and have varying salinity 
treatments, including control ponds with unmanipulated background salinity levels and artificially 
salted ponds. 

An east coast low pressure system in late April brought extensive rainfall that caused localised 
flooding on Ash Island. All ponds, low lying areas between ponds and around the perimeter fencing 
became inundated, resulting in connectivity between the ponds. Ponds have remained completely 
charged since April 2015 as a result of high groundwater levels combined with periods of 
intermittent autumn and winter rain. 

Gambusia, a pest fish, entered the NCIG Trial Site as a result of the localised flooding of Ash Island 
during the April 2015 east coast low. The July 2015 CHEMP Quarterly Report indicated that the 
predatory fish inhabited 10 of the 16 ponds at the site at that time. This increased to 13 of the 16 















mailto:enquiries@ncig.com.au
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Table 3.17: Community Complaints register summary 

 
Date of 

complaint 
Environmental 
concern raised 

Issue Action taken 

12-July-15 Dust A Boral employee made a 
complaint to the wharf security 
guard that his car had been 
covered in water from NCIG sprays. 
Security reported that the vehicle 
did not appear to be covered in 
coal slurry/ dust, likely only to be 
water. 

Boral employee was offered to visit 
NCIG site to meet with NCIG HSEC 
staff. Boral employee did not attend. 

3-Sept-15 Damage to car Community member received chip 
to windscreen on Cormorant Road, 
believed to be a metal object from 
CV12/13 gantry. Chip worsened 
over following days and 
complainant contacted Wharf 
Security for compensation. 

Complainant requested NCIG pay for 
windscreen repair. Request was 
denied on lack of evidence. 

18-Dec-15 Sediment During dewatering of an open 
excavation to repair a leaking pipe, 
the HSEC manager observed 
inadequate sediment controls in 
place and instructed that the work 
be stopped to rectify this. At the 
same time, an EPA officer 
approached the work area and 
made similar comments.  

Appropriate containment measures 
were installed and the work area 
cleaned before the workmen left site. 
Incident actions were closed out in 
Pulse (incident management system) 
for dewatering of excavations. 

4-Feb-16 Damage to car Member of the public claimed their 
vehicle had received damage to the 
windscreen from a falling object 
while travelling under the CV12/13 
conveyor gantry along Cormorant 
Road. 

Advised complainant that an 
investigation would be carried out in 
the area, including an inspection of 
the gantry area, security camera 
footage, operations and maintenance 
activities. Followed up results of 
investigation with complainant on 12 
February 2016. 

11-Mar-16 Odour/ 
discolouration 

Complaint was received from a 
Tenambit resident, concerned that 
odour and discolouration of 
surfaces at his property was caused 
by the Aurizon development at 
Hexham. 

Spoke to complainant on the phone 
and advised the NCIG was unrelated 
to the Aurizon Hexham development. 
Advised complainant to contact 
Maitland Council, EPA or Hunter Water 
Corporation (adjacent water 
treatment works). 

2-May-16 Noise Received complaint from 
Warabrook resident about train 
noise disrupting sleep. 

Resident complained of train noise in 
2015 and also about dust from coal 
trains. Offered to visit house and take 
dust samples. Offer accepted and 
house visit completed on 3 May 2016. 
A dust sample was collected from the 
exterior of the house and sent to 
CSIRO for analysis. 
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NCIG participated in stakeholder consultation during the reporting period, in particular with 
regards to management of residual coal in the rail corridor and other industrial forums regarding 
air quality management from coal trains. As part of this, NCIG participated in an industry 
monitoring of residual coal in the rail network – see Figure 31. Stakeholder engagement on air 
quality from the rail corridor continues. 

 

Figure 31: Residual coal monitoring on NCIG rail siding 
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Table 3.19:  Operations Environmental Monitoring Program 

 
Monitoring Focus Monitoring 

Sites 
Frequency Criteria 

Meteorology 

Temperature, 
relative humidity, net 
solar radiation 
rainfall, wind speed 
and direction and 
sigma theta (rate of 
change of wind 
direction). 

Project 
automated 
meteorological 
station1. 

Continuously monitored and the data 
averaged over 15 minute periods. 

N/A 

Erosion and Sediment Control 

Structural stability 
and effectiveness in 
controlling sediment 
migration. 

Drainage, 
erosion and 
sediment control 
infrastructure. 

Monthly and following significant 
rainfall events (i.e. greater than 20 
mm in 24 hours). 

N/A 

Noise 

Attended and 
unattended noise 
monitoring.  

Fern Bay, 
Stockton, 
Mayfield, 
Carrington per 
Section 4.2 
ONMP. 

Quarterly. See Section 3.7.2. 

Attended noise 
monitoring in case of 
complaint. 

Reference 
locations 
proximal to the 
Project1. 

At the commencement of operation. 

Air Quality 

Dust monitoring. DG1, DG2, DG3, 
DG4, DG5, 
DG61. 

Monthly See Section 3.2.2 

HVAS1, HVAS2, 
HVAS3, HVAS4. 

Every 6 days 

BAM1, BAM2, 
BAM3, BAM4. 

Continuous 

PWCS Through regular consultation. 

Surface Water 

pH, electrical 
conductivity (EC), 
total dissolved solids 
(TDS) and total 
suspended solids 
(TSS). 

Secondary 
settling ponds4. 

Monthly. See Section 3.3.2 

Surface water 
monitoring 
sites4. 

Monthly. 
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Table A2.2 Meteorological statistics by month 

Month Limit 
DG1 

(Fern 
Bay) 

DG2 
(Stockton) 

DG3 
(KI*) 

DG4 
(Mayfield) 

DG5 
(Mayfield 

West) 

DG6 
(Sandgate) 

Jul-15 4 0.8 NS*** 4.1 0.5 0.9 2.1 

Aug-15 4 0.8 NS*** 0.6 1 1.1 3.4 

Sep-15 4 0.7 1.3 3.7 0.6 1.5 1.2 

Oct-15 4 1.2 1.4 8.1 1.3 2.7 2.4 

Nov-15 4 0.8 0.9 46.9 1.5 2.0 3.8 

Dec-15 4 0.9 0.8 6.3 0.8 1.5 7.6 

Jan-16 4 0.5 0.5 ** 1.7 1.6 1.6 

Feb-16 4 0.6 1.1 1.7 1.4 1.9 1.4 

Mar-16 4 0.8 0.6 1.2 1.1 1.3 1.3 

Apr-16 4 0.5 1 0.9 1.4 1.5 0.6 

May-16 4 0.6 1.7 0.9 0.9 1.0 2.0 

Jun-16 4 0.7 0.9 0.9 0.5 0.8 1.4 

 
*KI – Kooragang Island 

**Insect and bird droppings 

***NS – No Sample 

 
 
 
 
 





































 
3. 

 
 
 

 
Figure 1-1 Mean pond depth for deep and shallow ponds at the NCIG trial site between April and June 2015. 
Patterned bars represent mean pond depths just prior to the storm. Deep ponds were created to a depth of 150cm 
and shallow ponds to a depth of 50cm. Bars represent means and whiskers represent standard errors. 

 
 

1.1.2. Pond salinity 
Treatment ponds were originally dosed to achieve a salinity threshold of 3‰ and 
have not been re-dosed with marine-derived sea salt since April 2014. Natural 
environmental conditions (evaporation and rainfall) reduced the dosing 
concentration and this was exacerbated by the rainfall resulting from the East 
Coast Low in April. Mean salinities of all pond treatments have been markedly 
diluted as a result of the rainfall to less than 0.6‰ across all treatment types 
(Figure 1-2). Salinity concentrations are expected to remain low until such time as 
pond water levels drop as a result of increased evaporation due to warmer air 
temperatures. 
 
 





 
5. 

 
 
 
 

1.2.2. Tadpoles 
The late onset of breeding at the NCIG trial site has caused a proportion of 
tadpoles to overwinter. Morphometrics and infection status of these tadpoles is 
routinely monitored to track growth and infection load over the cooler months and 
into spring. 
 
 

1.2.3. Gambusia 
Gambusia entered the site as a result of localised flooding of Ash Island during 
the April East Coast Low. As a result of the interconnectedness of some of the 
ponds at the site, the predatory fish now inhabits 10 of the 16 ponds at the site. 
Discussions between the University, NCIG and NSW National Parks are ongoing 
regarding management options. Of the six ponds containing bell frog tadpoles 
from summer breeding, four of these now contain gambusia. 
 
 
2. Behavoural Ecology Research 
The behavioural ecology research project has paused during the cooler winter 
months due to a drop in bell frog activity. In addition, post-graduate scientist, Sean 
Doody, has resigned from the research position funded by NCIG. NCIG is now in 
discussions with the University of Newcastle regarding the prospects of continuing 
the behavioural research program in the 2015/16 season. It is proposed that this 
research will focus on dispersal of the species during rain/storm events. 

 
 
3. Annual Green and Golden Bell Frog Monitoring 
Monitoring of the Green and Golden Bell Frog in the industrial area of Kooragang 
Island was conducted by the University of Newcastle for the 2014/15 season. This 
monitoring took place over three (3) month-long monitoring campaigns in 
approximately November, January and March. The results are summarised in the 
points below (please note, the Kooragang Island GGBF monitoring does not 
include monitoring events recorded inside the NCIG GGBF Compensatory Habitat 
site): 
 

- K22/23 Ponds (northern side of Kooragang Main Rail Line) had high 
variation in population estimate throughout the season. However, the 
annual estimate is consistent with previous years. Breeding has taken 
place in these ponds each season for the past four years. 

- K29 Pond (emplacement cell, southern side of Kooragang Main Rail Line) 
has had a steady population estimate for the last four seasons. However, 
no breeding has been recorded in this pond since 2011. 

- Rail Loop Pond (emplacement cell inside the NCIG Rail Loop) had two 
breeding events in 2012/13 and 2013/14. However, no breeding was 
observed in the last season. This has contributed to a fluctuating 
population estimate. 
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Figure 1 – Green and Golden Bell Frog observed at Pond 1, Stage 1. 
 
NCIG has requested a proposal from WCA to commence pumping a selection of 
ponds to assist in control of Gambusia, as mentioned in Section 5. It is planned 
that these ponds will be utilised for further releases of captive-bred bell frogs 
during the season, pending success of Gambusia management, and may also 
require filling with potable water where needed. 
 
 
5. Shorebird Compensatory Habitat 

5.1. Land Security and Approvals 
NCIG received approval of the revised CHEMP from the Department of Planning 
and the Environment (DPE) on 7 December 2015. This updated version includes 
changes requested by DPE after an initial review on 11 November 2015. The 
approved CHEMP is a critical document in facilitating the removal of mangroves 
and the creation of migratory shorebird habitat at Area E, Ash Island. 
 
The Section 151 Licence and Deed of Agreement have been updated by NCIG 
following the approval of the CHEMP and have been signed by the NCIG Board of 
Directors. A copy of these documents have been sent through to NPWS for final 
agreement and signing by the NSW Minister for the Environment. 
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6. Shorebird Monitoring 

6.1. Overview 
Monitoring of Area E for shorebird usage continued throughout the latest quarter, 
from October to 3 December (Appendix B). Monitoring is currently conducted 
fortnightly dring the ‘peak’ season. Monitoring of Area E commenced in April 
2015. 
 

6.2. Methods  
Surveys were conducted along pre-determined transects at the project site as well 
as at reference sites in the Hunter River Estuary (Table 7-1). Survey date, time, 
tide height, weather, abundance and behaviour of birds were recorded, along with 
any observed disturbances. 
 
Table 7-1. Survey sites 
 
Location Subsite 
Area E: Project site Fish Fry Flats 

Fish Fry Creek 
Wader Creek 

Area E: Reference sites Wader Pond 
Swan Pond 

Hunter River Estuary Milham’s Pond 
Phoenix Flats 
Hexham Swamp 
Kooragang Dykes 
Stockton Sandspit & Channel 

 
6.3. Results 

A total of 22 species of shorebirds were observed during the October to first week 
in December 2015 survey period, including 7 resident and 15 migratory species 
(Table 7-2). The most abundant species recorded across Area E reference sites 
was the resident Black-winged Stilt, with a peak count of 1,407 at high tide and 
1,489 at low tide. The most common migratory species sighted adjacent to Area E 
included the included Bar-tailed and Black-tailed Godwit, Common Greenshank 
and Marsh Sandpiper; while the Hunter Estuary subsites supported higher 
numbers of most migratory shorebirds including Sharp-tailed Sandpiper, 
Whimbrel, Eastern Curlew, Curlew Sandpiper, Pacific Golden Plover, Bar-tailed 
and Black-tailed Godwit, Common Greenshank and Marsh Sandpiper. 
  
Shorebirds were typically observed feeding and roosting in response to tidal 
fluctuation, although there was little variation in total abundance of shorebirds 
present between high and low tides at Area E. No disturbances were noted during 
this survey period. 
 
As expected prior to the restoration works, no shorebird species were recorded at 
the project site (Fish Fry Flats, Fish Fry and Wader Creeks) prior to the removal of 
mangroves. Small numbers of waterbirds were present, including Teals, 
Cormorants and Egrets. 
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WATER QUALITY ACTION  
    POND Action Required Due Date Completion Date Signed 

1. 3,5,6,11,17,18 pH in ponds exceeding 9 should be monitored closely during the next 
monitoring round, to assess if additional management is required. If pH 
still exceeds acceptable levels, further advice may be required to 
determine suitable management. 
 

19/11/15   

2. 1,3,5,6,7,8,9,10, 
12,14,15,16,18 

Ponds are above the maximum acceptable level of open water 
percentage. This can be addressed by additional macrophyte planting 
(refer to Vegetation Actions below).  
 

19/11/15   

3.   
 

   

4.   
 

   

5.   
 

   

6.   
 

   

7.   
 

   

8.   
 

   

9.   
 

   

10.   
 

   

11.   
 

   

12.   
 

   

13.   
 

   

14.   
 

   

15.   
 

   

NB: All vegetation work eg. removing macrophytes/in-fill planting should be recorded on the Vegetation Inspection Sheet  
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Pond 9 

 

Pond 10 

 

Pond 11 

 

Pond 12 
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INTRODUCTION 
 
This report provides an update of activities relating to the NCIG Compensatory 
Habitat and Ecological Monitoring Program since the previous Quarterly Report 
from December 2015. The report aims to provide information on key components 
of the program and how these are being implemented. An update will be provided 
to members of the Consultative Board every 3 months, in the form of a Quarterly 
report and presentations (every 6 months) coinciding with Board Meetings. 
 
 
1. Research Area Ponds and Associated Monitoring (Alex Callen) 

As in previous years, a population estimate of the bell frog population within the 
trial site was undertaken in February. These estimates have been conducted for 
three consecutive years and are a suitable preliminary indicator of the viability of 
the reintroduced population within the site.  
 
Table 1 summarises the number of individual tadpoles released into the site and 
the subsequent number of frogs identified in the population estimate for each 
year. The population has declined dramatically in the last twelve months, despite 
the natural breeding events that occurred within the site in January 2015. The 
downward trend, together with the latest estimate of less than 30 individuals 
would suggest that local extinction within the site is possible in the next twelve 
months, without intervention (the addition of more tadpoles into the system). While 
causes of population decline are presently unable to be quantified (data analysis 
on disease-induced mortality still to be performed), it is likely that disease together 
with predation, are the key threats to bell frog survival at the site, and that escape 
from the site may also contribute to the decline. An increase in the presence of 
rats and mice within the site, and across the island generally, may be partly 
responsible for this decline. No frogs detected in the 2015 population estimate 
were recorded in the 2016 estimate. 
 
 
 
 



 

2. 

 

 

 

Table 1-1 Annual reintroduction numbers (tadpoles) and population estimates (frogs) at the NCIG trial site 2013 

– 2016 

 

Year Numbers of tadpoles introduced (Dec- Mar) Numbers of frogs * estimated 
(Feb of each year) 

2013 8000  

2014 12000 750 

2015 >7000 (natural breeding) 320 

2016  21 
*Refers to the numbers of frogs of a size (>30mm) able to be microchipped, and therefore included in the mark-

recapture survey for the population estimate. Frogs measuring less than 30mm at the time of population 

estimates formed a very small cohort of the population in 2014 and 2016. A considerable proportion of frogs were 

excluded from the 2015 population estimate due to small size (as a result of the natural breeding event). 

 
Weekly evening frog surveys and weekly water quality monitoring and tadpole 
surveys will continue until evening temperatures consistently fall below 18 
degrees and/or there is a consistent reduction in the numbers of frogs being 
observed (commencement of overwintering). It is noted that the Trial Site 
Research Project will conclude in June 2016. 
 
 
2. Annual Kooragang Island Green and Golden Bell Frog Monitoring 

Monitoring of the industrial area of Kooragang continued through the reporting 
period. This included two (2) monitoring events (revised down from three due to 
access limitations), and took place at multiple water bodies across the industrial 
part of Kooragang Island and some areas of Ash Island (southern end near the 
Kooragang Main Rail Line). The 2015/16 monitoring has been jointly-funded by 
NCIG, Port Waratah Coal Services and the Hunter Development Corporation, due 
to potential impacts from future capping of the former Kooragang Island Waste 
Emplacement Facility (KIWEF).  
 
Monitoring observations confirmed that breeding occurred in numerous ponds 
across the industrial area of Kooragang Island as a result of rain events 
experienced in January 2016. A complete annual report from the University of 
Newcastle is expected in Quarter 2, 2016. 
 
3. Captive Breeding and Release Program 

The captive breeding and translocation programme for L. aurea continued into the 
2015/2016 year. It was the second year in which offspring produced from the 
captive colony (entirely derived from stock from the Ash/Kooragang Island 
complex) were released into the 75 hectare NCIG Compensatory Habitat.   A total 
of 10718 captive bred stock (Table 2) were released into the constructed habitat 
including the Stage 1 (fenced) habitat and unfenced open habitats (a full 
breakdown of dates, stages, and ponds will be provided separately).   Screening 
of released stock (as required under the NCIG Translocation Proposal) indicated 
the captive bred stock was free of chytridiomycosis at the time of release.  
Genetic samples of released tadpoles have been collected, and are currently 
archived at the University of Newcastle.  All tadpole releases were into Gambusia 
free ponds of Stage 5 of the compensatory habitats during the 2015/2016 
translocations (the only Stage containing Gambusia free ponds through the 







 

5. 

 

 

 

development from the captive breeding program, were released into selected 
wetlands. To prevent any confusion that these individuals may be identified as the 
progeny of a natural breeding event these tadpoles were marked with fluorescent 
polymers. The objective of this study was to investigate the movement of early 
metamorphs and juveniles. 
  
Surveys were replicated so that all wetlands were inspected at least three times 
over the period.  
 
Water quality parameters (Salinity, Dissolved Oxygen, and Temperature) were 
recorded at each wetland when frog surveys were conducted, and opportunistic 
observations of other fauna were also made. 
 
Pond Numbering: To maintain consistency the pond numbering system adopted in 
the summer quarter report of 2015 has been maintained in this report.  This 
system used a stage numbering (Stage 1: wetlands 1.1 to 1-5, and so on). 
However, so that direct comparisons are possible with the numbering system 
applied in the NCIG detail plans (numbered as ponds 1 to 18) the two numbering 
system are used throughout, although this does lead to some level of confusion.  
A full list of the pond numbers are provided in Appendix A. 
 

4.1.3. Results 

Rainfall:  Heavy rainfall occurred in the lower Hunter Valley from the 2nd to the 
7th of January 2016, charging the constructed wetlands. Further rainfall occurred 
on the 14th and 15th and on the 22nd and 23rd January which further increased 
wetland depths and resulted in considerable surface flow. 

 
Figure 1: The total amount of rain (mm) recorded from the Newcastle 
University Weather Station (No. 61390) for January 2016. 
�

Frog Surveys: Choruses of adult male bell frogs were detected at two wetlands  
of the NCIG Compensatory Wetlands.  Wetland 17 (Stage 7: 7-1 ) and Wetland 16 
(Stage 5: 5.1).   
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during the month of April in preparation for commencement of mangrove removal 
in May. 
 
6. Shorebird Monitoring 

6.1. Overview 

Monitoring of Area E for shorebird usage continued throughout the latest quarter, 
from January to March (Appendix B). Monitoring was conducted fortnightly during 
this period, i.e. the ‘peak’ season. Monitoring of Area E commenced in April 2015. 
�

6.2. Methods  

Surveys were conducted along pre-determined transects at the project site as well 
as at reference sites in the Hunter River Estuary (Table 6-1). Survey date, time, 
tide height, weather, abundance and behaviour of birds were recorded, along with 
any observed disturbances. 
 

Table 6-1. Survey sites 

 

Location Subsite 

Area E: Project site Fish Fry Flats 
Fish Fry Creek 
Wader Creek 

Area E: Reference sites Wader Pond 
Swan Pond 

Hunter River Estuary Milham’s Pond 
Phoenix Flats 
Hexham Swamp 
Kooragang Dykes 
Stockton Sandspit & Channel 

 
6.3. Results 

A total of 22 species of shorebirds were observed during the January to March 
2016 survey period, including 7 resident and 15 migratory species (Table 6-2). 
The most abundant species recorded across Area E reference sites was the 
resident Black-winged Stilt, although numbers dropped from a peak count of 
1,407 at high tide and 1,489 at low tide to a maximum of 50 birds this quarter. The 
most common migratory species sighted adjacent to Area E included the included 
Bar-tailed and Black-tailed Godwit, Common Greenshank and Marsh Sandpiper; 
while the Hunter Estuary subsites supported higher numbers of most migratory 
shorebirds including Sharp-tailed Sandpiper, Whimbrel, Eastern Curlew, Curlew 
Sandpiper, Pacific Golden Plover, Bar-tailed and Black-tailed Godwit, Common 
Greenshank and Marsh Sandpiper. 
  
Shorebirds were typically observed feeding and roosting in response to tidal 
fluctuation, although there was little variation in total abundance of shorebirds 
present between high and low tides at Area E. No disturbances were noted during 
this survey period. 
 
As expected prior to the restoration works, no shorebird species were recorded at 
the project site (Fish Fry Flats, Fish Fry and Wader Creeks) prior to the removal of 
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Appendix B – NCIG GGBF Compensatory Habitat Project, Monitoring and 
Maintenance Reports, January 2016, February 2016 and March 2016 
(Wetland Care Australia). 
 
  



























 

 

Appendix B ɀ Works Program 

 

 

 

 

 















































 

Date   Breeding Season (Oct-Dec)  Yes / No           Name of inspector/s Tim Mouton, Trent Neilson 
  

Site NCIG Ponds / KWRP Ponds / Research Ponds 
  

POND NATIVE VEGETATION INSPECTION 
  

POND Emergent Vegetation 
% Cover of water body 

Emergent 
Vegetation 

Density 

Emergent 
vegetation 
Condition 

Buffer Width Buffer Density  
(Weed + Native) 

% Cover 

Buffer Density (Native) 
% Cover 

Meets All 
Targets 

Target 40-70% Cover of water body > 50%  Good 1.5 m  > 50% native cover 
Y N 

1.  25% Macrophyte 60 Very Good 1.5+ 98.3 50 N 
2.  70% Macrophyte 70 Very Good 1.5+ 98.3 43.1 N 
3.  20% Macrophyte 10 Average 0-1 100 34 N 
4.  35% Macrophyte 70 Good 1.5+ 95.6 66.2 N 
5A. 70% Macrophyte 40 Good 1.5 89.5 28.1 N 
5B. 15-20% Macrophyte 30 Average 1 89.5 28.1 N 
6.  30-40% Macrophyte 50 Good 1.5 78 39.4 N 
7.  20-25% Macrophyte 0 Average 1.5 83.3 16.7 N 
8.  0% Macrophyte 0 Very Poor 1.5 57 7.6 N 
9.  0% Macrophyte 0 Very Poor 1.5 64.7 2 N 
10.  20% Macrophyte 85 Very Good 1.5+ 78.1 68.8 N 
11.  30-40% Macrophyte 50 Very Good 1.5+ 83.1 68.8 Y 
12.  15% Macrophyte 60 Average 1.5 60 29.2 N 
13.  40-50% Macrophyte 70 Very Good 1.5+ 90.5 52.4 Y 
14.  40% Macrophyte 70 Very Good 1.5+ 86 48.3 N 
15.  25% Macrophyte 20 Good 1.5+ 81.2 20.8 N 
16.  20-25% Macrophyte 30 Good 1.5 100 34.3 N 
17.  5% Macrophyte 0 Very Poor 1.5 73.3 4.4 N 
18.  70% Macrophyte 50 Good 1 81.5 11.1 N 
Notes 

Moderate increases in macrophyte densities were observed in the majority of ponds, in particular Typha sp. Ponds 2, 5a, and 18 are nearing the upper 
limit of emergent vegetation coverage, and may require management of Typha sp. should densities continue to increase. 

The northern section of Pond 4 was observed to contain an abundance of native aquatic vegetation (Ceratophyllum demersum ɀ Hornwort). 

Casuarina glauca regrowth was observed within the buffer of Pond 18. 

 

  



 

 

POND NATIVE VEGETATION ACTION REQUIRED 
POND Action Required Due 

Date 
Completion 

Date 
7, 8, 9, 
17,18 

Additional planting of macrophytes should be undertaken, within buffers and pond banks, within ponds showing poor growth and 
recruitment of macrophytes. 

 

Ongoing  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

 

COMMENTS:        All Actions Complete: Signed ___________________ Date _________  



 

 

WEEDS Alligator Weed 
Density Class 

Juncus acutus 
Density Class 

Blackberry 
Density 

Class 

Action Required Date Action 
Complete 

POND    See Maintenance Guidelines in NCIG GGBF CH POM  
1.   

2 
  1 small patch near the fence approx. 15m east of the gate, missed during previous weed 

spraying. Follow up spraying required. 
 

2.   
 

    

3.   
 

    

4.   
 

 
   

5.   
2 

  1 small patch on pond bank. This infestation has been sprayed and observed to be 
resprouting. 

 

6.   
 

    

7.   
 

    

8.   
 

  
2 

Small patch of Blackberry was observed adjacent to rock cobble on western bank.  

9.   
 

    

10.   
 

    

11.   
 

    

12.   
 

    

13.   
 

    

14.   
 

    

15.   
 

    

16.   
 

    

17.   
 

    

18.   
 

    

NB: Weed Density Classes. Class 2 = less than 1%. Class 3 = 1-10%. Class 4 = 11-50%. Class 5 > 50%   Actions Complete: Signed ________________ Date _________  



















 

  

Pond 10 PP1 – October 2015 Pond 10 PP1 – March 2016 

  

Pond 11 PP1 – October 2015 Pond 11 PP1 – March 2016 

  

Pond 12 PP1 – October 2015 Pond 12 PP1 – March 2016 
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3. 

 
 
 
Table 3-1 – Release of Green and Golden Bell Frog (L. aurea) tadpoles and metamorphs by month into 
NCIG compensatory habitat, Ash Island, for the summer of 2015/2016.   
 
Year/Month Tadpoles released  Metamorphs released 
2015/October 400  
2015/November 150  
2015/December 3514 1100 
2016/January 1050 2326 
2016/February 745 309 
2016/March 1079 45 
   
Sub-totals 6938 3780 
Total released 10718 
 
 

 
 
Figure 2: Captive-bred Green and Golden Bell Frog Release Sites 
 
 
Captive breeding and release of animals into the NCIG Compensatory Habitat is 
schedule for the 2016/17 season. 
 
4. Green and Golden Bell Frog Compensatory Habitat 

4.1. Green and Golden Bell Frog Compensatory Habitat Monitoring 
4.1.1. Overview 

Major summer rainfall occurred in the lower Hunter region in early and mid-
January 2016, and resulted in a total that almost doubled the long-term monthly 
average. All of the wetlands of the NCIG Compensatory Habitat were fully 
charged and many of the “permanent” and “ephemeral” wetlands became 
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Plate 20: Phase 2 cleared area, eastern end of Wader Creek  
 
 

 
Plate 21: Spoonbills utilising Fish Fry Creek  
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Appendix B – NCIG GGBF Compensatory Habitat Project, Monitoring and 
Maintenance Report, May 2016 (Wetland Care Australia). 
 
  











 

Appendix A ɀ Monitoring Results 

 
Date 10 May 2016 
Breeding Season (Oct-Dec)? Yes / No 
Name of Inspector/s Tim Mouton, Trent Neilson 
Site NCIG Ponds / KWRP Ponds / Research Ponds 
WEATHER Warm/Sunny 
Temperature 23.2 
Total rainfall over preceding 3 days 0.4 mm 
Total rainfall over preceding month 3.6 mm 

WATER QUALITY INSPECTION 

Parameter Target 
Range 

 
1 2 3 4  5A  5B 6 7 8 9 10 11 12 13 14 15 16 17 18 

Target 
Condition 

Permanent 
ponds wet 

 
Wet   Wet Wet     Wet Wet  Wet   Wet  Wet   Wet   

Wet/Dry  
 

 
Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet Wet 

Design 
Depth m 

 
 

 
1.4 0.2 0.4 1.4 1.4 1.2 0.6 1.0 0.2 0.4 1.0 0.2 1.2 0.4 0.6 2.2 0.4 0.2 

Measured 
Depth m 

 
 

1.5+ 0.5 1.2 0.5 0.5 1.5+ 1.5+ 1.4 1.4 1.1 0.9 1.4 1.2 1.5+ 1.15 0.4 1.5+ 1.1 0.6 

Temp 0C T: 16-31 
F: 4-35 

 
19.5 19.3 19.1 17.1 23.1 19.6 18.9 18.6 18.8 19.1 18.2 18.7 17.2 17.9 17.0 17.2 18.0 17.2 16.6 

pH 4-9 
 

 
8.03 7.80 7.88 7.65 8.26 8.38 7.76 7.89 7.98 8.13 8.02 7.74 7.72 8.00 8.30 7.96 7.63 8.58 7.76 

Salinity 
uS/cm 

 
 

1436 1449 1655 2226 447 1666 377 195 473 1097 1182 5433 281 329 419 187 337 1422 2687 

Salinity 
ppt 

T < 4 
F < 6 

 0.92 0.93 1.06 1.42 0.29 1.07 0.24 0.12 0.30 0.70 0.76 3.48 0.18 0.21 0.27 0.12 0.22 0.91 1.72 

DO mg/L 4-17 
 

 
4.03 7.53 4.75 0.58 

/7.90 
9.29 9.55 6.72 8.79 7.74 7.04 7.96 6.45 6.81 4.18 5.80 10.58 5.71 4.61 4.48 

Turbidity 
NTU 

Not critical 
 

 
- - - - - - - - - - - - - - - - - - - 

% Open 
Water 

Min. 30% 
Max 70% 
 

 
75 30 80 65 30 80 60 75 100 100 80 70 85 60 60 75 75 95 30 

                       Meets all 
Targets  

Y N  N Y N Y Y N Y N N N N Y N Y Y N N N Y 

Notes: The northern section of Pond 4 showed a low DO reading of 0.58 compared to 7.9 in the southern pond. The northern section is dominated by native aquatic vegetation 
(Ceratophyllum demersum ɀ Hornwort). This is potentially impacting DO concentrations due to over consumption of oxygen by plant respiration. 

 

F See Over  
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3. RESULTS 

The number of individual birds counted at Swan Pond showed considerable variation from 
week to week (Figure 1). The total number of individuals recorded in the last three weeks was 
about half that recorded in the first three weeks of mangrove removal works, driven mainly by 
a reduction in the numbers of wading birds recorded. During the first three weeks of survey 
large numbers of Red-necked Avocets (Recurvirostra novaehollandiae) and Black-winged 
Stilts (Himantopus himantopus) were observed throughout Swan Pond. 

A possible cause for the decline in the recorded numbers of wading birds is the timing of the 
survey. The availability of prey to wading birds is dependent on the tides, which will determine 
their distribution within the estuary. Surveys were conducted in the morning after conducting a 
pre-clearance inspection of the mangrove removal area, and not necessarily at the same tidal 
level. Therefore the lower numbers could be a result of survey times and foraging behaviour 
rather than disturbance caused by the activity. Additionally other factors such as strong winds 
and heavy rainfall in the region will also influence the distribution of waders within the estuary. 

 

Figure 1. Number of individual waders, water birds and other species counted at Swan 
Pond during each monitoring event. 
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The number of individual birds counted at Fish Fry Flats also varied from week to week (Figure 
2). No general pattern of decline can be seen in the Fish Fry Flats bird counts. However, after 
weeks of fluctuation, there was a decrease in the number of waterbirds recorded. This may be 
a result of the disturbance caused by mangrove removal works within the area. Continued 
monitoring will determine any long-term impacts resulting from the clearing activities. 

 

Figure 2. Number of individual waders, water birds and other species counted at Fish Fry 
Flats during each monitoring event. 

The numbers of species observed each week at both Swan Pond (Figure 3) and Fish Fry Flats 
(Figure 4) remained generally constant, despite some slight variation. 
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1.3 Research objectives  

 
Conservation efforts to mitigate the effects of habitat loss and other pressures causing GGBF decline 

often involve the management, restoration or creation of habitat, which depends upon a thorough 

understanding of habitat requirements and population demography. Research efforts have attempted 

to characterize particular features of habitat that bell frogs use (Pyke and White 1996, White and Pyke 

1996, Penman 1999, Christy and Dickman 2002, Pyke et al. 2006).  

However, as discussed above, it may be that the habitat where bell frogs are observed are not the 

preferred habitat of the frog, and that the presence of an introduced predatory fish causes the frogs to 

select other habitats, some of which may be sub-optimal for their development. However, each habitat 

study found bell frogs to be associated with a different suite of variables, suggesting that it may be a 

generalist in its habitat requirements. The GGBF is an opportunistic colonising species with high 

dispersal ability and fecundity (Pyke et al. 2002, Lane et al. 2007) which also suggests that it should 

readily establish populations in suitable habitat. This has caused confusion as to why the species never 

seems to occupy all seemingly appropriate water bodies in a particular area where it is present, and why 

occupancy of wetlands (presence/absence) can change regularly both within a season and from season 

to season.  

 

Five attempts have been made to create bell frog habitat to date, using similar habitat templates 

(Mahony et al, 2013; Pyke and White 1996), and only one has resulted in the establishment of a 

breeding population (Pyke et al. 2006, Stockwell et al. 2006b). Although these studies have increased 

our knowledge of various aspects of GGBF biology and ecology, the low rate of success in establishing 

populations illustrates our current lack of understanding regarding the habitat preferences and 

requirements of this species. Given the development pressures placed on much of the existing bell frog 

habitat, this urgently needs to be resolved. Despite the intensive research effort that has gone into 

understanding bell frog habitat requirements, very little has included a temporal (across time) 

component and this may prove to be vitally important in this understanding. Similarly, the unit of study 

focused upon in these investigations has consistently been the individual water body. However, bell frog 

habitat selection may be based on smaller or larger scales than this. Therefore, an understanding of 

how bell frogs utilize a landscape temporally and spatially is required if their distribution is to be 

understood and habitat effectively managed or created.  

 

The specific medium to long-term objectives of the Kooragang and Ash Islands (KI/AI) GGBF population 

ecology research program is to enhance our understanding of the species ecology, population dynamics 

and demography through sustained annual breeding season surveys (2010/2016). This ongoing research 

enables us to build a picture of the GGBF population on KI/AI both spatially and temporally, which in 

turn provides important information to assist in understanding the population dynamics, and one day 

improve the long-term resilience of GGBF populations.  

 

In particular, to make habitat creation and enhancement work effectively for the GGBF it is necessary to 

have a detailed understanding of the structure of the bell frog population as it currently exists on KI/AI. 
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Figure 2.2: Search 

effort (person.minutes) 

across the 78 wetlands 

surveyed as part of 

ówhole islandô 

monitoring in 2015-16. 

Data includes VES and 

CMR surveys. 
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NCIG compensatory wetlands: 

¶ There were four rounds of surveys; the first in November, the second in December, the third in 
January and the fourth in February.  

¶ There are seven clusters of wetlands (Figure 2.3) and a total of 18 wetlands that are either 
independent or connected by wide channels.  Following heavy rainfall the wetlands that make 
up a cluster are interconnected.  In each cluster there is a mix of ephemeral and permanent 
wetlands.  
During each survey round, one VES was performed at each wetland, and a CMR survey was 
performed across the wetland complex. 

BHP-Billiton compensatory wetlands (data on population estimate is referenced from an independent 
report commission by BHP-Billiton). 

¶ There were two rounds of surveys both conducted in January 2016. 

¶ There are four clusters of wetlands (Figure 2.4) and a total of 9 wetlands that are either 
independent or connected.  In two of the clusters the wetlands are permanent and the other 
two they are ephemeral.  

¶ During each survey round, VES was performed at each wetland, and a CMR survey was 
performed across the wetland complex.  

 
 

 
Figure 2.3. NCIG compensatory wetlands. 
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  Primary period 1 Primary period 2 

Wetland Date no. 2° 
surveys 

Final recap. 
rate (%) 

Date no. 2° 
surveys 

Final recap. 
rate (%) 

K22-23 14-17 Dec 2015 4 75% 23-25 Feb 2016 3 66% 

K29 13-19 Jan 2016 3 0% 10-12 Feb 2016 3 67% 

K104 9-19 Jan 2016 5 21% 16-18 Feb 2016 3 40% 

K108 7-9 Jan 216 3 0% NA 

Table 2.1: Surveys and recapture rates at 4 wetlands where CMR surveys were initiated. See text for discussion. 

 
Note the low recapture rate in the first primary period for K29. 
 
On its own, robust modelling provides estimates for specific wetlands. In order to extrapolate these into 
population estimates for the whole island, we use VES survey data.   
 
This approach to population estimates relies upon a consistent survey method across all wetlands to be 
included in the analysis. As the VES and CMR surveys in the NCIG compensatory wetlands and the BHP-
Billiton compensatory wetlands were conducted using different survey methods, they cannot be 
included in the quantitative estimate given in this report – however, the results of those surveys are 
included qualitatively in the interpretation and discussion of overall GGBF numbers on Kooragang Island 
 
 

2.6.2  Assumptions applied to survey effort and population modelling 
 
We assume that survey efforts were consistent across the entire monitoring season.  In reality, there 
are several important sources of variation: 

 
Within and between individuals: survey effectiveness can vary among observers. GGBFs are generally 
cryptic, and difficult to see in the different vegetation structures that they are sitting in. To overcome 
detection bias we used a core of experienced observers within the survey teams but this remains an 
important methodological limitation.  
 
Within and between sites: GGBF are cryptic and are difficult to see; moreover, they are well 
camouflaged in a variety of vegetation types. They are particularly difficult to spot in dense vegetation, 
and so wetlands with dense reeds (many of the wetlands on the northwest part of Kooragang, such as 
K1, K8, K19, K7, K18, K15, K5, K4; also K13, K20, K24, K108, K46) are expected to have low detection 
rates for a given abundance of frogs. The highest probability of detection seems to be in wetlands that 
have a narrow band of Juncus acutus surrounding open water that is >3 metres across and >1 metre 
deep (e.g. K23; southern side of K104); during summer, the frogs sit on the edge of the vegetation. Parts 
of a wetland with dense Typha and especially Phragmites may hold large numbers of GGBF, but have 
low detection rates. Weather conditions also influence detection probability; warmer nights with low 
wind speeds seem to be better for detecting GGBF (although this is difficult to demonstrate 
quantitatively). Temporal variation in frog detectability can occur across one evening (frogs seem to be 
more detectable past 1 hour after sunset), across consecutive nights (with weather), and across the 
season; the evidence is that some wetlands (e.g. K23, K29, K108) are over-wintering sites, from which 
frogs disperse to ephemeral wetlands during the mid-summer and then return to towards autumn.  
 
So that we could account for the inherent bias produced by habitat complexity all surveys were timed, 
and the survey effort calculated as part of the detection probability. Thus if a particularly complex 
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Table 3.1: Candidate set of models, ranked by ascending ȹAICc, used to estimate apparent survival probability (◖), 

capture (p) /recapture (c) probability, and number of uncaptured individuals in each wetland population (f0) of 

green and golden bell frogs captured from wetlands K22-23 and K104 on Kooragang Island between December 

2015 and February 2016. Net immigration/emigration (Gò) was set to zero. (.) indicates that the value of a 

parameter was constant, (t) that it varied with time. 
 
 
 
 

 1st Primary Session 2nd Primary Session 

 

Wetland 

N-hat  

(pop. size) 

95% confidence 

intervals 

N-hat  

(pop. size) 

95% confidence 

intervals 

Model # Lower Upper  Lower Upper 

 

K22-23 

#1 111 55 469 220 81 981 

#2 66 85 165 114 85 165 

 

K104 

#1 459 383 565 380 303 486 

#2 445 367 558 393 309 515 
 

Table 3.2: Population estimates for the K22-23 and K104 wetlands surveyed using Capture-Mark-Recapture, 

analysed by Robust Modelling. Results from the two best models as ranked by AICc scores (c.f. Table 3.1) are 

presented.  N-hat values are population estimates for each wetland, listed by each model for each round. For each 

wetland, both models show an increase in population number for K22-23 from Dec-Jan (Round 1) to Feb (Round 

2), but a decrease at K104. Confidence intervals are reasonably tight for both K104 models (essentially, N-hat +/- 

100), but the first ranked model for K22-23 has a much larger range of confidence intervals (-50 up to + 750) than 

model #2.  

 

Rank Model AICc
 ȹAICc

 weight (w) Model 

likelihood 

No. of 

parameters 

 K22-23      

#1    ◖(.) Gò=0 p(.) c(t) f0(t) -67.18 0.00 0.54 1.00 10 

#2    ◖(.) Gò=0 p=c(t) f0(t) -65.77 1.41 0.27 0.50 10 

#3    ◖(.)Gò=0 p=c(.) f0(t) -64.02 3.15 0.11 0.21 5 

#4    ◖(.) Gò=0 p(.) c(.) f0(t) -63.55 3.63 0.09 0.16 6 

#5    ◖(.) Gò=0 p=c(.) f0(.) -53.19 13.98 0.00 0.00 4 

 K104      

#1 ◖(.) G"=0 p=c(.) f0(.) -1082.86 0.00 0.53 1.00 4 

#2 ◖ (.) G"=0 p=c(.) f0(t) -1081.27 1.58 0.24 0.45 5 

#3 ◖(.) G"=0 p=c(t) f0(t) -1079.67 3.19 0.11 0.20 9 

#4 ◖(.) G"=0 p(.) c(.) f0(t) -1079.47 3.38 0.10 0.18 6 

#5 ◖(.) G"=0 p(.) c(t) f0(t) -1076.27 6.59 0.02 0.04 9 
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     Conversion factor 

 

Wetland VES date 

pop estimate detected          
/ time 

detected/time/pop est. 
 lower N-hat upper lower N-hat upper 

R
o

u
n

d
 1

 K23 7/09/2015 55 65 90 0.35 
   K22-23 9/12/2015 55 65 90 0.26 213.9 252.8 350.0 

K23 11/12/2015 55 65 90 1.11 
   

R
o

u
n

d
 2

 K22-23 23/02/2016 85 114 165 0.37 228.0 305.7 442.5 

K22-23 24/02/2016 85 114 165 0.34 249.3 334.4 484.0 

K22-23 25/02/2016 85 114 165 0.44 192.2 257.7 373.0 

 
Conversion factor 

 
lower N-hat upper 

min 192.2 252.8 350.0 

mean 220.8 287.7 412.4 

max 249.3 334.4 484.0 
Table 3.3: Conversion factors for generating population estimates based on numbers of frogs detected in VES. Data 

from six Visual Encounter Surveys of K22-23 provide a metric of frogs detected per minute of search time (detected 

/time). Two of those surveys only looked at one of the wetlands (i.e. K22 or K23) and are discounted from this 

process. For the surveys that looked at K22-23 together, dividing ódetected/timeô by the different estimates of 

population size (lower 95% confidence limit, N-hat, upper 95% confidence limit) gives four values for a conversion 

factor which converts number of frogs detected during VES of a wetland into an estimate of population size for that 

wetland. The minimum, maximum, and mean values of these conversion factors are shown in the sub-table to the 

lower right. 

 
 
 
In order to produce a range of estimates for the sum of population size at the wetlands surveyed by 
VES, five values of the conversion factor were used; (i) the minimum value of ‘detected/time’ divided by 
the lower 95% confidence value of the population estimate for K22-23; (ii) the mean ‘detected/time’ 
value divided by the lower estimate; (iii) the mean ‘detected/time’ value divided by the N-hat value; (iv) 
the mean ‘detected/time’ value divided by the upper 95% confidence estimate of population size; (v) 
the maximum ‘detected/time’ value divided by the upper confidence estimate (Table 3.3). 
 
Applying these conversion factors to the VES data from the island wide monitoring provides estimates 
of population size for wetlands surveyed by VES only (Table 3.4) 
 
 
 

 

min-
lower 

mean-
lower 

mean-
N-hat 

mean-
upper 

max-
upper 

Round 1 616 708 922 1322 1551 

Round 2 607 698 909 1303 1529 
Table 3.4: Estimates of total population size for Kooragang Island wetlands surveyed using VES only (i.e. all 

wetlands except for K22-23 and K104). See text and Table 3.3 for explanation of the values in the five columns. 

The best estimate for population size at these wetlands is a little over 900 frogs; it is very likely that the population 

size is between 600 and 1550, and quite likely that the number is actually between 700 and 1320. 
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3.3 Persistence and movement 

 

3.3.1 Persistence 
In total, eighteen of the frogs captured in the 2015-16 season had PIT tags from previous seasons 
(Figure 3.6). Nine (seven males, one female, one unknown) of these were tagged one year previously, 
eight (seven males, one unknown) two years previously, and one (a male) was tagged in three years 
prior in August 2013. Persistence (recaptures between seasons) of individuals marked in the previous 
season (2014/2015) is low in captured animals during this season (3.3%).  

 
Known persistent individuals were strongly biased towards males, which could be due to the higher 
detection probability for calling males in VES surveys around wetland. Adult females used habitats away 
from wetlands and are therefore not detected as readily in VES surveys. 
 
All of these frogs were recaptured in 2015-16 in the same wetland they were originally captured.   

 

 

Figure 3.7: Observations of animals captured in the 2015-16 season that had been tagged in previous seasons. 

 
 

3.3.2 Movements recorded for marked animals 
Overall movement observations made of marked animals (e.g. animals >40 mm SVL) between wetlands 

was small relative to within wetland observations.  For example, within the current 2015-16 season 

adult movements were only recorded between K22 and K23 (supporting the decision to treat these two 

wetlands as one single area in the Capture-Mark-Recapture analysis). On several occasions frogs were 

found along the road linking these two wetlands, again highlighting movement patterns between these 

wetlands. This was especially true in the second round in late February, where frogs were recorded in 

trees fringing the road linking wetland K22 and K23. Presumably these trees form a refuge during 

movements between wetlands. 

 

Marked juvenile animals were released within the NCIG constructed wetlands in January and February 

2016 to monitor dispersal of juvenile animals in the constructed landscape (John Paul King pers. obs.). In 

total, 15 movements were recorded ranging from only 30 meters between adjacent wetlands and up to 

300 meters across various terrain, which in some cases included road crossings. 
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Figure 3.14: 

Wetland 

hydrology in the 

Central part of 

Kooragang 

Island. 

Figure 3.15: 

Wetland 

hydrology in the  

Southern part of 

Kooragang 

Island. 
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Region Jurisdiction wetland Detected 
Search 

time 
Search 
effort Breeding 

T4 

(BHP) 

K46 0 58 232 
 K49A 1 46 163 
 K49B 1 55 220 
 

HDC 

K108 23 239 888 
 K111 2 26 52 
 K112 0 21 53 
 K113 5 35 70 T 

K114 9 54 117 
 K117 0 20 60 
 K118 0 16 54 
 

NCIG 

K115 6 66 188 
 K116 2 18 48 
 K120 0 7 18 
 

PWCS 

C1 14 25 85 T, M 

C2 0 40 110 
 K102 1 53 159 
 K103 4 70 140 
 K104 913 1300 2696 M 

K105A 5 49 147 
 K106A 0 44 132 T, M 

K106B 1 15 33 T, M 

K106C 3 43 129 
 K119 0 15 35 
 K29 29 419 1334 
 K30 0 14 35 
 K30A 0 43 103 
 K31 1 18 43 
 K32 0 15 37 
 K33 3 28 62 
 K34 0 20 48 
 K35 0 34 82 
 K36 0 58 172 
 K41 0 32 64 
 K42 0 56 138 
 S7 0 17 46 
 

RMS 

K100A 1 49 147 
 K100E 2 54 162 
 K100W 0 49 116 
 Search Time is shown in minutes, Search Effort is shown in person.minutes. Breeding is recorded as the 

presence of tadpoles (T) and/or metamorphs (M). 

Note that, in the Central Region, four wetlands are actually under the jurisdiction of the Port of 

Newcastle (PoN) : K22, K23, K24, and K107. This information was discovered during the finalisation of 

this report and so we have not adjusted the presentation of the data to reflect this, but the role of PoN 

will be incorporated into future reports. Two of these wetlands (K22, K23) are significant Green and 

Golden Bell Frog habitats.
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 Total VES CMR 

Total wetlands surveyed 78 78 4 

Total wetland surveys 223 179 44 

Nights of field work 38 
  Total search time 5,305 3,300 2,005 (mins) 

Total search effort 15,060 10,057 5,003 (person mins) 

    Wetlands with GGBF 
detected 42 

  Wetlands with GGBF 
breeding 7 

      

Wetlands with Gambusia 65 
  

    Frogs detected 1,283 
  Frogs captured 677 
  Unique frogs captured 539 
  

    Frogs detected in: VES CMR Total 

NPWS wetlands 133 134 267 

PWCS wetlands 256 718 974 

NCIG wetlands 8 
 

8 

HDC wetlands 29 
 

29 

BHP (HDC ema) wetlands 2 
 

2 

RMS 3 
 

3 

    

 Percentage of  

between 
6 and 12 
months 

1 - 2 
years 

> 2 
years 

Male 36.0% 13.7% 0.2% 

Females 13.0% 19.6% 1.5% 

Summer 2015-16 Kooragang Island survey for Green and Gold Bell Frog (GGBF) Litoria aurea 

     Colin McHenry, Bede Moses, & Michael Mahony 

 

 

Take home points: 

1. This was a good year for GGBF, with large numbers detected and a large 
breeding event in K106 - a result of very high summer rainfall this year. 

2. Constructed wetlands on T4 are performing well, with respect to frog 
abundance and breeding. 

3. There is a link between breeding (presence of tadpoles or metamorphs) 
and ponds being free of Gambusia. 

4. Size structure of the population suggests a very high turnover of 
individuals, with most animals encountered being less than 1 year old.  

¶ Mortality rates after 1 yr are high (a result of chytrid) 

¶ Recruitment depends on >2 yr old females, but these make up less 
than 2% of the population. 

¶ The population depends upon the reproductive effort of a small number 
of animals that survive their 2nd winter. Very few of these survive their 
3rd. Consequently, the Kooragang population may be vulnerable to a 
small number (i.e. 2) of consecutive 'bad' years. 

¶ The T4 site is highly important for the Kooragang GGBF population. In 
particular, the 'Northern Rail Corridor' is home to most of the animals 
detected. 
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Rhys Corrigan 

 

 Appendix C: Graphics presented in Interim Report (June 2016) 
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