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1. Introduction 
1.1 Background 

1.1.1 The Northern Coal Logistics Project 

The Northern Coal Services Project approval (SSD-5145) was granted on 29 September 2015. 
The project integrates the coal processing, handling and transport operations from Mandalong 
Mine and Newstan Colliery. Northern Coal Services utilizes existing infrastructure at the 
Cooranbong Entry Site and the Newstan Colliery Surface Site, along with private haul roads and 
rail loading infrastructure. 

As part of current operations, underground mine water is pumped from a void at the 
Cooranbong underground storage area at an average rate of 0.6 to 2.5 ML/day and is 
discharged into an unnamed creek from Licensed Discharge Point 001 (LDP001) at the 
Cooranbong Entry Site. The unnamed creek flows into Muddy Lake, which is connected to Lake 
Macquarie via Lake Eraring. The Northern Coal Logistics Project will increase the volume of 
water discharged into Muddy Lake from the approved limit of 5 ML/day to 8 ML/day.  

Figure 1-1 shows the location of Muddy Lake in relation to the Cooranbong entry site (CES) and 
Lake Eraring. 

1.1.2 Identification of Green and Golden Bell Frogs at Muddy Lake 

Ecological surveys were undertaken at Muddy Lake in October 2015 by RPS. These surveys 
were conducted in response to a request for additional information by the Department of 
Environment and Energy (DEE) for the Northern Coal Logistics Project to address potential 
impacts on species listed under the Environmental Protection and Biodiversity Conservation Act 
1999 (EPBC Act).  

During the surveys, RPS (2015) identified Green and Golden Bell Frogs (Litoria aurea) in 
aquatic habitat within the study area (RPS 2015).This species is listed as a vulnerable species 
under the EPBC Act, and an endangered species under the NSW Biodiversity Conservation Act 
2016 (BC Act). Approximately five male Green and Golden Bell Frogs were identified calling 
near a culvert adjacent to Wangi Road. Although no individuals were captured, a recording of 
the frog calls was used to confirm identification of the species (RPS 2015). This record was the 
only known occurrence of Green and Golden Bell Frogs within a 10-kilometre radius and was 
therefore considered to be an ecologically important finding that may have important 
implications for conservation of the species. 

1.1.3 Conditions of EPBC Act approval 

Due to the conservation significance of the Green and Golden Bell Frog population within the 
study area, the conditions of the EPBC approval from DEE (02/03/2016) for the Northern Coal 
Logistics Project (2013/6906) included the requirement for the implementation of a Green and 
Golden Bell Frog Research Project (RP), in particular with regards to the changes to water 
discharge into Muddy Lake. The conditions of approval relevant to the Green and Golden Bell 
Frog are outlined in Table 1-1. The full conditions of approval are provided in Appendix A. 
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Table 1-1 Conditions of EPBC Act approval relating to the Green and Golden Bell Frog 

Condition Details Refer to section 
Condition 2 For the life of the approval, the approval holder must ensure that:  

b The action does not contribute to a decline in the extent, quality or 
availability of Green and Golden Bell Frog (Litoria aurea) habitat 
downstream of the action's discharge locations 

TBC as part of the GGBF RP 
Section 4 Habitat values 
Section 4.2 Water quality 

c The action does not contribute to a decline in the abundance or extent of 
the Muddy Lake Green and Golden Bell Frog population 

Section 5 Population characteristics 
 
 
Section 6 Future monitoring 

d The action does not contribute to a decline in the extent or abundance of 
any Green and Golden Bell Frog population identified during the surveys 
required by Condition 3(c). 

Section 4.1.2 Other wetlands 
Section 5.3 Control population  

Condition 3 To enable compliance with Condition 2(b), 2(c) and 2(d), the approval 
holder must develop and implement a Green and Golden Research 
Program (GGBF RP), which: 

Section 3 Methods 
Section 6 Future monitoring 

a Identifies and incorporates information contained within guidelines, 
scientific literature, studies and other reports relevant to the design and 
conduct of the GGBF RP 

Section 3.4.1 Key guidelines 
Section 3.4.2 Literature review 

b Identifies the habitat, population characteristics and extent of the Muddy 
Lake Green and Golden Bell Frog population 

Section 4 Habitat values 
Section 5 Population characteristics 

c Determines the presence of any other Green and Golden Bell Frog 
population within Site 2* and/or downstream of the action’s discharge 
locations 

Section 4.1.2 Other wetlands 
Section 5.3 Control population  

d Identifies the habitat, population characteristics and extent of any 
population identified by condition (c) 

Section 4.1.2 Other wetlands 
Section 5.3 Control population  

e Commences monitoring to facilitate compliance with Conditions (b), (c), 
and (d) during the 2016/17 breeding season 

Section 3.6 Survey timing 

f Identifies the habitat, water quality and hydrological conditions that would 
maintain or improve the viability of the Muddy Lake Green and Golden Bell 
Frog population and any other population identified by Condition (c) 

Section 2 Ecology of the GGBF 
Section 4 Habitat values 
 

g Determines water quality and quantity discharge objectives, investigation 
trigger levels, and discharge limits for the action that will maintain or 
improve the habitat, extent and abundance of the Muddy Lake Green and 
Golden Bell Frog population and any other population identified by 
Condition (c) 

Section 4.2 Water quality 
Section 6 Future monitoring 



 

GHD | Report for Centennial Coal Company Ltd - Northern Coal Logistics Project Green and Golden Bell Frog Research Program, 221856200 | 3 

Condition Details Refer to section 
h Details a monitoring program, which includes the use of control sites, to 

confirm compliance with Condition 2 
Section 3 Methods 
Section 6 Future monitoring 

i Incorporates independent peer review of the GGBF’s RP methodology and 
final report by a suitably qualified herpetologist with at least five years of 
experience in the conduct of research on Green and Golden Bell Frog. The 
independent peer reviewer must be approved in writing by the Minister at 
least 3 months prior to commencement of the GGBF RP 

Section 3.1 Peer review 

Condition 4 The approval holder must submit to the Minister, at least 3 months prior to 
commencement of the action, the findings of the GGBF RP in the form of a 
final report. The GGBF RP final report must be published on the approval 
holder's internet website prior to commencement of the action. The GGBF 
RP methodology and the comments of the independent peer reviewer must 
be published on the approval holder's webpage referred to in Condition 18. 

TBC as part of the BMP 

Condition 5 To confirm whether compliance with Condition 2 has been achieved, the 
approval holder must prepare and implement a Biodiversity Monitoring 
Plan (BMP). The BMP must: 

TBC as part of the BMP 

b Detail a monitoring program to detect and measure impacts on the Muddy 
Lake Green and Golden Bell Frog Population and any other Green and 
Golden Bell Frog population identified during the surveys required by 
Condition 3 (C). The monitoring program must be consistent with the 
monitoring program recommended in condition 3 (h) and: 

TBC as part of the BMP 
Section 6 Future monitoring  
 

(i) Detail the program (including monitoring locations, parameters, methods, 
and frequency proposed to confirm compliance with Conditions 2(b), 2(c) 
and 2 (d) 

TBC as part of the BMP 
Section 6 Future monitoring  
 

(ii) Identify the pre-commencement extent and abundance of Green and 
Golden Bell Frog within Muddy Lake and other populations identified by 
Condition 3(c) 

Section 4 Habitat values 
Section 5 Population characteristics 

(iii) Identify performance objectives, performance indicators and investigation 
triggers 

TBC as part of the BMP 
Section 6 Future monitoring 

(iv) Be designed to detect and accurately delineate and measure the action’s 
contribution to any impacts on Green and Golden Bell Frog population/s 
and/or Green and Golden Bell Frog Habitat 

TBC as part of the BMP 
Section 6 Future monitoring 

(v) Be planned so that the data gathered is adequate to: inform adaptive 
management and demonstrate whether the outcomes described in 
Condition 2(b), 2(c) and 2(d) have been met 

TBC as part of the BMP 
Section 6 Future monitoring  
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Condition Details Refer to section 
(vi) Be prepared and implemented by a suitably qualified person and be 

consistent with the most recent version of the Environment Protection and 
Biodiversity Conservation Act 1999 Significant Impact Guidelines for the 
Vulnerable Green and Golden Bell Frog (Litoria aurea). 

Section 3.3 Personnel  

Condition 6 To prevent the spread of Batrachochytrium dendrobatidis (Chytrid fungus), 
the approval holder must implement frog handling hygiene measures 
similar to those described in the most recent version of the Hygiene 
Protocol for the Control of Disease in Frogs when handling or relocating 
any amphibian species at any time for the duration of the approval. 

Section 3.9.5 Chytrid fungus 

Condition 7 To minimise the risk of long-term impacts to protected matters adjacent to 
and downstream of the action the approval holder must comply with New 
South Wales Development Consent Conditions 25 and 27 where they 
relate to monitoring, managing, mitigating, avoiding, offsetting, recording or 
reporting on impacts to protected matters. 

Refer to relevant waste and 
rehabilitation plans. 

Condition 8 To protect Green and Golden Bell Frog (Litoria aurea) populations 
downstream of the action's discharge locations, the proponent must 
comply with New South Wales Development Consent Conditions 13, 14 
and 15 where they relate to monitoring, managing, mitigating, avoiding, 
offsetting, recording or reporting on impacts to these species. 

Refer to the Mine-water Discharges 
Management Plan 

Condition 9 The approval holder must advise the Minister in writing of any proposed 
change to New South Wales Development Consent Conditions 13, 14, 15, 
25 or 27, within ten (10) business days of formally proposing a change or 
becoming aware of the NSW state government proposing a change 

NA 

Condition 10 The approval holder must notify the Minister, in writing, of any non-
compliance or potential non-compliance with New South Wales 
Development Consent Conditions 13, 14, 15, 25 or 27 within ten ( 10) 
business days of becoming aware of the non-compliance or potential non-
compliance. 

NA 

Condition 11 If the Minister is not satisfied that the outcomes required under Condition 2 
are likely to be achieved, or if there is insufficient evidence that the 
outcomes required under Condition 2 are being achieved, the Minister may 
(in writing) require the approval holder to submit a plan for the Minister's 
approval to reduce, mitigate, remediate or offset impacts to matters 
protected under the controlling provisions of this approval within a 
designated timeframe. The Minister may request that the plan be prepared 
or reviewed by a person designated or agreed to by the Minister. If the 
Minister approves the plan then the approved plan must be implemented. 

NA 
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Condition Details Refer to section 
Condition 13 The approval holder must adaptively manage Green and Golden Bell Frog 

to achieve the outcomes described in Condition 2. This must include: 
TBC as part of the BMP 

a Developing and implementing a plan (or plans) to achieve the outcomes 
outlined in Condition 2, in consultation with a suitably qualified person 

Section 3.1 Peer review 
Section 6 Future monitoring  
TBC as part of the BMP 

b A documented process of adaptive management and continual 
improvement, including using data from monitoring and any 
experimentation trials to inform adaptive management 

Section 6 Future monitoring  
TBC as part of the BMP 

c Where there is a reasonable risk (or evidence) that outcomes are not likely 
to be achieved: revising management measures in consultation with a 
suitably qualified person; increasing the level of effort to achieve the 
outcomes; and informing the Department, either as part of annual 
compliance reporting required under Condition 16 or as a separate 
notification in writing 

NA 

Condition 15 The approval holder must maintain accurate records substantiating all 
activities associated with or relevant to the conditions of approval, including 
measures taken to implement the GGBF RP and the BMP required by this 
approval and measures undertaken to achieve the outcomes specified 
under Condition 2. Such records must be made available upon request to 
the Department and may be subject to audit by the Department or an 
independent auditor in accordance with section 458 of the EPBC Act, or 
used to verify compliance with the conditions of approval. Summaries of 
audits will be posted on the Department's website. The results of audits 
may also be publicised through the general media. 

NA 

Condition 16 By 31 March of each year following commencement of the action, the 
approval holder must publish a report on the webpage required by 
Condition 18 addressing compliance with each of the conditions of this 
approval over the previous 12 months, including implementation of the 
GGBF RP and the BMP as specified in these conditions and whether 
outcomes required by these conditions have been met. Documentary 
evidence providing proof of the date of publication and reporting of any 
non-compliance with any of the conditions of this approval must be 
provided to the Department at the same time as the compliance report is 
published. 

NA 

Condition 18 The approval holder must maintain a dedicated webpage on compliance 
with these conditions that is publically available on the approval holder's 
website for the life of the approval. The webpage must include: the 

NA 
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Condition Details Refer to section 
assessment documentation; a copy of the approval conditions (and any 
subsequent variations or other changes to the approval); the BMP and all 
monitoring results required under these conditions; compliance reports 
required under Condition 16; any documentation required under Condition 
15; the final report of the GGBF RP; and any other relevant information as 
directed by the Minister in writing. Any documents required to be published 
by this condition must be published within one month of finalisation and 
must remain on the webpage for the life of the approval. 
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1.2 Purpose of this report 

This report has been prepared to provide baseline information on the Muddy Lake Green and 
Golden Bell Frog population as required for the GGBF RP. In particular, the aims of this report 
are as follows: 

 Describe the ecology of the Green and Golden Bell Frog 

 Outline the methods involved in identifying the habitat, population characteristics and extent 
of the Muddy Lake Green and Golden Bell Frog population and any other populations 
downstream of the  action's discharge locations 

 Describe the habitat values of Muddy Lake for this species 

 Describe the population characteristics and extent of the Muddy Lake Green and Golden 
Bell Frog population 

 Describe the results of the targeted surveys 

 Describe the water quality of Muddy Lake  

 Outline the proposed ongoing monitoring of the Muddy Lake Green and Golden Bell Frog 
population. 

1.3 Assumptions 

This report has been prepared to outline the methods and results of baseline surveys of the 
Green and Golden Bell Frog at Muddy Lake. While it provides detailed information with 
reference to the Green and Golden Bell Frog Research Project (Condition 3), further work is 
required to prepare a detailed monitoring plan to meet the requirements of the conditions of 
approval relating to the Biodiversity Monitoring Plan (Condition 5). 

1.4 Scope and limitations 

This report: has been prepared by GHD for Centennial Coal Company Ltd and may only be 
used and relied on by Centennial Coal Company Ltd for the purpose agreed between GHD and 
the Centennial Coal Company Ltd as set out in section 1.2 of this report. GHD otherwise 
disclaims responsibility to any person other than Centennial Coal Company Ltd arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 
specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report. GHD has no 
responsibility or obligation to update this report to account for events or changes occurring 
subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 
made by GHD described in this report (refer section(s) 1.3, 3 and 6 of this report). GHD 
disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Centennial Coal Company 
Ltd and others who provided information to GHD (including Government authorities), which 
GHD has not independently verified or checked beyond the agreed scope of work. GHD does 
not accept liability in connection with such unverified information, including errors and omissions 
in the report which were caused by errors or omissions in that information. 
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The opinions, conclusions and any recommendations in this report are based on information 
obtained from, and testing undertaken at or in connection with, specific sample points. Site 
conditions at other parts of the site may be different from the site conditions found at the specific 
sample points. 

Investigations undertaken in respect of this report are constrained by the particular site 
conditions, such as the location of vegetation and access constraints. As a result, not all 
relevant site features and conditions may have been identified in this report. 
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2. The ecology of the Green and Golden 
Bell Frog 
2.1 Conservation significance 

The Green and Golden Bell Frog (Litoria aurea) is a large tree frog that has undergone a well-
documented contraction in its geographic range and a decline in its abundance (Mahony 1996; 
Osborne et al. 1996; White and Pyke 1996; Tyler 1997; Mahony 1999). The species is listed as 
‘endangered’ in New South Wales under the Biodiversity Conservation Act 1995 (BC Act) and 
‘vulnerable’ by the Australian Commonwealth under the EPBC Act.  

2.2 Population information 

Few populations of the Green and Golden Bell Frog remain on the Central Coast of NSW. Two 
key populations are known from near Gosford: North Avoca and Davistown. Populations are 
also known further north at Kooragang Island (Figure 2-1). 

The species was considered common on the Central Coast until the 1970s. Populations 
previously occurred across the extensive wetlands and floodplains of the Tuggerah Lakes 
system and were also known from the wetlands to the south of the region at Pearl Beach, on the 
Umina-Woy Woy sandplain, surrounding Brisbane Water and also from the Gosford coastal 
lagoon systems near Wamberal, Terrigal and Avoca. To the north in Lake Macquarie Local 
Government Area (LGA), the species was known from the Jewells Swamp between Gateshead, 
Redhead and Belmont and was known from the stream floodplain wetlands in the western parts 
of Lake Macquarie between Wyee and Morisset (DEC 2005). 

2.3 Habitat requirements 

With exception of fast flowing streams, Green and Golden Bell Frogs appear to be capable of 
occupying a broad range of habitat types (Humphries, 1979; Hamer, 1998; Patmore, 2001; Pyke 
and White 1996; Pyke and White, 2001; Hamer, et al., 2002; Hero et al. 2004). They are 
generally found in and around water bodies such as wetlands, lakes and dams, and often on 
disturbed sites such as abandoned quarries. Green and Golden Bell Frog habitat generally 
contains plenty of vegetation in and around water (Gillespie 1996; Pyke and White 1996).  

Studies show that emergent vegetation is an important refuge for tadpoles, particularly in 
environments containing the introduced, predatory Mosquito Fish (Gambusia holbrooki) 
(Morgan and Buttemer 1996; Hamer 1998; Hamer et al. 2002).  

Green and Golden Bell Frogs are believed to prefer substrates such as sand, rock and clay 
(Pyke and White 1996). Fine substrates are believed to benefit tadpoles by allowing some 
concealment from predators (Lawler 1989). 

2.4 Water quality 

Green and Golden Bell Frogs are believed to tolerate a wide range of turbidities, pH range, 
salinity levels, oxygen levels and temperatures (Pyke and White 1996). However, research has 
also shown that reproduction is somewhat dependent on temperature and water chemistry 
(Pyke and White 1996; Penman 1998; Christy and Dickman 2006). 

2.4.1 Temperature 

Pyke and White (1996) suggest that the development of tadpoles is slowed when water 
temperatures are less than 20°C. Penman (1998) showed that for the first 26 days of tadpole 
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development, growth was not significantly different across temperatures of 18ºC, 22ºC and 
25°C, however, subsequent growth was significantly slower at 18°C than at 22°C. 

It is important to recognize that few studies have examined the effects of temperature on adult 
Green and Golden Bell Frogs in the field. It has not been determined for example if Green and 
Golden Bell Frogs are attracted to warmer waterbodies or if the survival of adults is affected by 
water temperatures or ambient temperatures (M. Mahony personal communication). As 
discussed in Section 2.6.1, higher temperatures may limit the effects of chytrid fungus on the 
species. 

2.4.2 Alkalinity (pH) 

There is little information on the effect of pH on Green and Golden Bell Frogs. A study by 
Penman (1998) found that the growth rate of Green and Golden Bell Frog tadpoles was not 
affected across pH values of 4, 7 and 9. Similarly, pH at 20 breeding sites assessed by Pyke 
(2002) found pH to range from 3.7 to 9.8, suggesting that the species can withstand a range of 
pH with little impact on development.  

2.4.3 Salinity  

Salinity can be measured in a variety of ways. Conductivity is a measure of water’s capability to 
pass an electrical current. It is usually measured in micro- or millisiemens per centimeter (uS/cm 
or mS/cm). Salinity is the measure of the total concentration of all dissolved salts in water. 
These electrolytes form ionic particles as they dissolve, each with a positive and negative 
charge. As such, salinity is a strong contributor to conductivity. Salinity can be measured in 
parts per thousand (ppt). Seawater is typically 35 ppt or 50,000 uS/cm (at 25°C). The natural 
conductivity of fresh water varies from very low values (30uS/cm) to very high values (2000 
uS/cm). Conductivity measurements are affected by temperature so the water temperature 
needs to be measured at the same time as conductivity.  

Note that some studies of the salinity tolerance of frogs refer to salinity levels and others use 
conductivity. One can only be converted to the other if water temperate is also published. Thus 
direct comparison between studies cannot always be made. 

Research examining the influence of salinity on Green and Golden Bell Frog tadpole 
development has produced varying results. Pyke and White (1996) showed that tadpoles can 
tolerate salinity levels of up to six parts per thousand (ppt) without any apparent effects on their 
development, while salinity of eight ppt or higher will decrease growth and increase mortality. 
Mass tadpole death has been observed in breeding ponds on Broughton Island off Port 
Stephens when salinity has increased above 7.8 ppt through intrusion of seawater into the 
breeding habitat during storms (Pyke et al 2002). 

Studies suggest that the Green and Golden Bell Frog has the ability to survive salinities 
approaching 10% that of seawater although salinity levels over 5% were observed to produce 
increased tadpole mortality and/or developmental abnormalities as noted above (DEC 2005). 
Christy and Dickman (2006) showed that growth of tadpoles was significantly reduced when 
they were subjected to 5.5% seawater (approximately 2970 µS/cm). Christy (2001) also 
showed, however, that tadpoles in the field may withstand up to 15% seawater (approximately 
8100 µS/cm). 

A summary of salinity impacts on the Green and Golden Bell Frog is provided in Table 2-1. 

Raised salinity may afford an improved survivorship for developing tadpoles exposed to the frog 
chytrid pathogen (Clulow et al 2017, see section 2.6.1), assuming salinity levels are not too 
high. These findings may lend support to other circumstantial evidence for a ‘coastal’ (and 
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possibly salinity) factor being involved in the survival of many remaining populations of the 
Green and Golden Bell Frog (DEC 2005). 

Table 2-1 Table Salinity impacts on the Green and Golden Bell Frog 

 Percent 
seawater 

Salinity (ppt) Conductivity 
(µS/cm) 

Comment 

Seawater 100% 35 50,000  
 15%  8100 Some tadpole 

survivorship  
  8  Decreased 

growth and 
increase 
mortality 

  7.8  Mass tadpole 
death has been 
observed 

 5.5%  2970 Growth of 
tadpoles reduced 

 5%   Increased 
tadpole mortality 

  6  No effect on 
development 

Freshwater   30-2000  

 

2.5 Breeding and dispersal 

Green and Golden Bell Frogs tend to spawn during September to March and tadpole 
development tends to occur from April to October, although some tadpoles may overwinter and 
metamorphose in the following year (Daly 1995; Penman 1998). Metamorphlings of Green and 
Golden Bell Frogs typically have a snout-vent length (SVL) of 22-28 mm (Daly 1995; Penman 
1998).  

Successful breeding at Green and Golden Bell Frog sites has been shown to be more common 
in ephemeral habitats rather than permanent ponds (Pyke and White 1996). This may be due to 
the lack of persistence of predators such as the Mosquito Fish in these environments (Morgan 
and Buttemer 1996). 

The presence of calling males provides important biological information.  The site where the 
males are calling most likely represents sites where breeding will occur, and is therefore an 
important indicator of breeding habitat.  Males also form “leks” (groups of males that cluster) 
and there is some evidence that this plays some role in the attraction of females to breeding 
sites (James et. al., 2017). 

Green and Golden Bell Frogs are capable of travelling large distances, particularly during heavy 
rain. Individuals have been found considerable distances from the nearest water body, 
suggesting they can disperse over large areas (White 1995, Pyke and White 2001). Hamer 
(2008) found that males tended to move distances of up to 200m after rain when travelling from 
permanent waterbodies to ephemeral waterbodies, but that the species generally showed high 
site fidelity. There is also evidence that individuals will return to a breeding site when they reach 
adulthood (Murphy 1996). 
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2.6 Threats 

The main threats contributing to the disappearance and overall general decline in the Green 
and Golden Bell Frog are thought to include (DEE 2018): 

 Loss, degradation and fragmentation of habitat 

 Chytridiomycosis, an infectious disease that affects amphibians worldwide and is caused by 
the chytrid fungus (Batrachochytrium dendrobatidis) (Hero and Gillespie 1997) 

 Predation by introduced fish such as the Mosquito Fish (Gambusia holbrooki) (Morgan and 
Buttemer 1996) and Carp (Cyprinus carpio), which are known to eat the eggs and tadpoles 

 reduction in water quality and hydrological changes 

 introduction or intensification of public access to Green and Golden Bell Frog habitats. 

Key threatening processes of relevance include 

 Alteration to the natural flow regimes of rivers and streams and their floodplains and 
wetlands 

 Clearing of native vegetation 

 Infection of frogs by amphibian chytrid causing the disease chytridiomycosis 

 Predation by feral cats 

 Predation by the European Red Fox 

 Predation by the Plague Minnow (Gambusia holbrooki). 

2.6.1 Chytrid fungus 

The amphibian chytrid fungus Batrachochytrium dendrobatidis was described in 1999 and this 
pathogen has been implicated as a causative agent in the ‘world-wide’ frog decline 
phenomenon (DEC 2005). It is likely to have been introduced to Australia and is known to infect 
the Green and Golden Bell Frog (Stockwell et al 2008). It has been identified and/or suspected 
in several observed postmetamorphosis ‘die off’ incidents of this species, and is likely that 
infection from this disease is the major contributor to the decline of the species (DEC 2005). 
Greater activity of this pathogen has been found to occur at cooler temperatures, possibly 
because low temperatures reduce the rate and level of response of the amphibian immune 
system (DEC 2005). 

Chytrid fungus is a big issue for reintroduction programs. A population introduced to the 
Marrickville area in Sydney was lost to Chytrid fungus (DEC 2005). Similarly, a population 
introduced to the Hunter Wetlands disappeared within two years of introduction, and surveys 
and testing identified infection from chytrid fungus as the most likely cause (Stockwell et al 
2008).  

Salinity levels have been shown to influence the viability and prevalence of Chytrid. 
Experimentally increasing salinity levels of natural water bodies has resulted in reduced 
prevalence of chytrid in Green and Golden Bell Frogs (Stockwell et al 2008; Stockwell et al. 
2015). Increasing salinity from c. 0.5 ppt to 3.5–4.5 ppt in reintroduction ponds reduced 
pathogen transmission between infected and uninfected animals, resulting in significantly 
reduced mortality in elevated salt mesocosms. Increasing water temperature associated with 
season (from mean 13 to 25°C) eventually cleared all surviving animals of the pathogen (Clulow 
et al 2017). 
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2.6.2 Predators 

The introduced Mosquito Fish (Gambusia holbrooki) preys upon the eggs and tadpoles of the 
Green and Golden Bell Frog. “Predation by the introduced Plague Minnow Gambusia holbrooki” 
is listed as a Key Threatening Process under the BC Act. Although Green and Golden Bell 
Frogs have been known to breed successfully at sites with high densities of the Mosquito Fish 
(Pyke et al. 2001; van de Mortel and Goldingay 1998; Goldingay and Lewis 1999), studies show 
that the likelihood of breeding is greater in sites where Mosquito Fish are absent (Pyke and 
White 1996, Sanders et al 2015). 

Natural predators include wading birds and snakes (White and Pyke, 1999; Pyke and White, 
2002). Other introduced predators may include foxes, cats, dogs and rats (DEC 2005).  
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3. Methods 
3.1 Peer review 

The research project has been developed using best practice guidelines and in consultation 
with amphibian experts who have extensive experience with Green and Golden Bell Frogs. 
Professor Michael Mahony (University of Newcastle) is the designated peer reviewer approved 
for the project by DoEE. A copy of the letter of approval (02/11/2016) is provided in Appendix B. 

Professor Mahony has been regularly consulted during development of the research project and 
has reviewed and provided input into this report (see Appendix D). 

Daniel O’Brien, a PhD candidate at Wollongong University studying amphibians, and Dr. 
Richard Retallick, a Principal Ecologist at GHD with experience with Green and Golden Bell 
Frogs, have also provided valuable advice regarding the use of PIT tags and other methods 
used during the field assessment. 

3.2 Licensing 

Surveys were conducted in accordance with a Section 132C Scientific Licence (SL100146) 
issued to GHD under the New South Wales National Parks and Wildlife Act 1974. Handling of 
fauna complied with GHD’s Animal Ethics Research Authority (AW2006/095) issued under the 
New South Wales Animal Research Act 1985 and Regulation 2010, and all matters pertaining to 
the conduct of the research project were reported to GHD’s Animal Ethics Committee (AEC). 
Proposed methods that were not part of GHD’s standard operating procedures (SOPs) were 
approved by the  AEC prior to commencement. 

3.3 Personnel 

The qualifications of the personnel who undertook the field surveys and prepared this report are 
provided in Table 3-1. 

Table 3-1 Personnel details  

Personnel name  Qualification Experience  Role  
Dr Kirsten Crosby 
Senior Ecologist 

BSc (Hons), PhD 13 years Principal researcher 
and project manager 
(2017 – 2018) 
Field assessment and 
reporting 

Dr Gilbert Whyte 
Senior Ecologist 

BSc (Hons), PhD 10 years Project manager (2016-
2017), field assessment 
and reporting 

Kimberly Baker  
Ecologist 

BSc (Hons) 7 years Field assessment 

Malith Weerakoon 
Ecologist 

BSc, MPhil 5 years Field assessment 

Bridie Halse 
Graduate Ecologist 

BEnvSc 3 years Field assessment 

Sam Turbill 
Graduate 
Environmental 
Scientist 

BEnvSc 2 years Field assessment 

Jessica Sharp 
Graduate Ecologist 

BSc 2 years Field assessment 

Jayne Tipping BSc, MEnvLaw 24 years Technical review 
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Personnel name  Qualification Experience  Role  
Principal Ecologist 
Professor Michael 
Mahony 

BA Dip Ed, PhD 30+ years Peer review 

 

3.4 Desktop review 

3.4.1 Key guidelines 

Key literature pertaining to the research project was reviewed and included the following: 

 Environmental Impact Assessment Guidelines for the Green and Golden Bell Frog (NPWS 
2003) 

 Draft Recovery Plan for the Green and Golden Bell Frog (Litoria aurea) (DEC 2005) 

 Best Practice Guidelines for Green and Golden Bell Frog Habitat (DECC 2008) 

 Protecting and Restoring Green and Golden Bell Frog Habitat (DECC 2008) 

 Hygiene protocol for the control of disease in frogs (DECCW 2008) 

 Guidelines for the marking of frogs (Johnson 2009) 

 Survey guidelines for Australia’s threatened frogs (DEWHA 2010) 

 Significant Impact Guidelines for the Vulnerable Green and Golden Bell Frog (Litoria aurea) 
(DEWHA 2015) 

3.4.2 Database searches and literature review 

A desktop database and literature review was undertaken to obtain additional information on the 
Green and Golden bell Frog at Muddy Lake and its ecology, habitat requirements and 
monitoring methodology. Key resources reviewed included: 

 The NSW Office of Environment and Heritage (OEH) Bionet Wildlife Atlas which was 
checked for records of the Green and Golden Bell Frog in the locality and wider Central 
Coast area (OEH 2018) 

 Vegetation mapping of the Lake Macquarie LGA (Bell 2016) 

 Aerial photography of Muddy Lake and surrounds 

 Scientific journal articles relating the ecology of the Green and Golden Bell Frog (see 
reference list).  

3.5 Identification of the study area 

The broader study area incorporates a large area west of Lake Macquarie that has the potential 
to provide habitat for the Green and Golden Bell Frog. Surveys have been conducted at a 
variety of locations to satisfy to condition 3 (c): Determine the presence of any other Green and 
Golden Bell Frog population within Site 2 and/or downstream of the action’s discharge locations.  

The main licenced discharge points (LDP) are located at Cooranbong Colliery (LDP001 and 
LDP 002) upstream of Muddy Lake. Another LDP is located upstream of the bywash dam at 
Newstan Colliery (also named LDP001).  

A proposed discharge point is located at Site 2 (Hawkmount Quarry), north of Muddy Lake. No 
suitable Green and Golden Bell Frog habitat is be located at Site 2. It is a drowned quarry with 
no emergent vegetation, and water would be too deep and cold for the species. The proposed 
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discharge point at this location would flow to Lords Creek, into Jigadee Creek and eventually 
into Dora Creek. Downstream locations inspected included a number of wetland areas 
alongside Dora Creek identified from aerial photography and vegetation mapping as having 
potentially suitable habitat for the Green and Golden Bell Frog. 

The areas are discussed below.  

3.5.1 Muddy Lake 

The Green and Golden Bell Frog population within Muddy Lake is the focus of the research 
project (see Figure 1-1). Surveys have been conducted at a number of locations around Muddy 
Lake over the 2016/2017 and 2017/2018 survey periods to identify the extent of the population 
as per the conditions of approval. These are discussed further in sections 3.8 and 3.9. 

3.5.2 Newstan Colliery 

Field surveys were conducted at the Bywash Dam downstream of Newstan Colliery’s discharge 
site LDP001 (Figure 1-1) on one evening in the summer 2017 survey period. This site has 
emergent vegetation and a similar salinity to Muddy Lake.  

3.5.3 Other wetlands in the Lake Macquarie area 

A number of other wetland areas near Muddy Lake were identified during the desktop review as 
locations downstream of the action’s discharge locations. Some of these are on private land and 
permission for access has not yet been gained. Visual inspections were conducted from nearby 
public land (eg. road reserves) where possible to determine whether these wetlands provide 
suitable habitat for the Green and Golden Bell Frog. Quiet listening and call playback was also 
undertaken. No detailed surveys in accordance with the survey guidelines have been conducted 
at these sites as yet. A targeted survey was conducted at a small wetland on Dora Street and a 
small wetland on Main Street on one evening in March 2018 as these were in publicly 
accessible areas. No evidence of Green and Golden Bell Frogs has been recorded at any of 
these sites to date during the baseline surveys. Further targeted survey of these sites is 
proposed if access can be gained. 

No control site has been identified as no other populations of the Green and Golden Bell Frog 
are known from the area. A population of Green and Golden Bell Frogs previously occurred at 
Toronto Wetlands however it is believed to be extinct. Surveys have been conducted 
sporadically over recent years by a local zoologist, however no evidence of the species has 
been recorded (M. Mahoney pers. comm.). This wetland was surveyed on one evening in March 
2018 by four ecologists. 

A summary of additional wetland sites surveyed is provided in Table 3-2 and their locations are 
mapped on Figure 3-1. 
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Table 3-2 Other wetlands surveyed that may provide potential habitat for the Green and Golden Bell Frog 

Wetland Distance from Muddy 
Lake 

Description Access Survey Habitat condition 

Kalang Road 
wetland 

1.2 km Large wetland surrounded by Swamp 
Oak, agricultural land. 

Private 
property. Not 
accessed. 

Quiet listening and call 
playback from nearby 
Kalang Road 
January 2018 
March 2018 

Dry over summer 2018 

Dora Street 
wetland 

750 m 
(separated from 
Muddy Lake by 
Eraring Canal) 

Small wetland on the shore of Lake 
Eraring. Estuarine influence. Mangroves 
present along the edge of the lake. Some 
Swamp Oak and Phragmites near the 
road. 

Public land Targeted searches and call 
playback 
March 2018 

Water present in March 
2018 

Stingaree 
Point Drive 
wetland  

860 m  
(separated from 
Muddy Lake by Dora 
Creek) 

Wetland surrounded by Swamp Oak.  
Some mangroves likely present to the 
south. Estuarine influence from Bonnell’s 
Bay. Small area of Phragmites near the 
road. 

Private 
property. Not 
accessed. 

Quiet listening and call 
playback from nearby 
Stingaree Point Drive. 
January 2018 
March 2018 

Likely dry over summer 
2018 

Main Road 1.5 km Narrow wetland in the road reserve 
dominated by Typha and Phragmites with 
Paperbarks and Swamp Oak 

Road reserve Targeted searches and call 
playback 
March 2018 

Water present in March 
2018 

Freemans 
Drive Wetland 

3.2 km  
(separated from 
Muddy Lake by Dora 
Creek) 

Wetland surrounded by Swamp Oak. 
Some Typha and Phragmites. 

Private 
property. Not 
accessed. 

Quiet listening and call 
playback from nearby 
Freemans’s Drive. 
January 2018 
March 2018 

Dry over summer 2018 

Toronto 
Wetland 

11 km  Large wetland in Toronto. Swamp Oaks, 
large expanses of Phragmites and Typha. 

Public land Targeted searches and call 
playback 
January 2018 
March 2018 

Dry in January 2018. Some 
water in March 2018. 
 

Marmong 
Wetland 

15 km Large wetland at Marmong. Estuarine 
influence from Cockle Bay, Lake 
Macquarie. Mangroves and surrounding 
Swamp Oak and Eucalypt Forest 

Public land Habitat assessment 
January 2018 
 

Open to the bay via 
Marmong Creek.  
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3.6 Survey timing and weather considerations 

3.6.1 Survey guidelines 

The Survey Guidelines for Australian Threatened Frogs (DEWHA 2010) state that surveys for 
Green and Golden Bell Frogs should be conducted in suitable habitat between September and 
March on warm windless nights within one week of heavy rainfall (>50 mm in seven days). 
Survey methods may involve a combination of call detection, call playback and spotlight 
surveys. Survey of a nearby reference population is also recommended to confirm that frogs are 
active and calling.  

Where possible surveys at Muddy Lake were conducted in suitable weather conditions as per 
the guidelines, however given the unseasonably dry conditions over 2017/2018, weather 
conditions were not always consistent with the requirement for ‘heavy rainfall’. As can be seen 
in Table 3-3, rainfall was consistently under the average for the months when surveys were 
conducted.  

Consultation with the University of Newcastle was undertaken for each survey session which 
confirmed Green and Golden Bell Frog activity at Kooragang Wetlands to validate survey timing. 
Professor Mahony indicated that the Kooragang Island population was one of the more reliable 
sites for detecting Green and Golden Bell Frogs. 

3.6.2 Survey timing 

Baseline surveys were initially conducted in January and February 2017. The aim of these 
surveys was to confirm the presence of the Green and Golden Bell Frog at Muddy Lake and 
commence population sampling, and to survey for the species at Newstan Colliery. This survey 
was timed to coincide with appropriate weather and known activity of the species at Kooragang 
Island. The Muddy Lake survey focussed on the area near Wangi Road, with a second site 
surveyed on the western shore of the lake. 

Following the successful summer 2017 surveys, an expanded baseline survey program was 
developed for the 2017/2018 breeding period. As recommended by Professor Mahony, surveys 
were conducted in spring 2017 and autumn 2018, as well as summer 2018. The November 
2017 survey period coincided with the main calling period, while the January 2018 and March 
2018 surveys aimed to coincide with the presence of juveniles. In addition, Professor Mahony 
advised that the effects of Chytrid fungus infection are more obvious in early spring and autumn, 
and these periods would be good for potentially identifying the presence of this fungus. 

A summary of survey dates and locations is provided in Table 3-3. 
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Table 3-3 Survey dates, location, weather and effort 

Survey period Dates Location Minimum 
temp 
(Deg Celsius) 

Max temp 
(Deg 
Celsius) 

Rainfall  
(mm) 

Rainfall week prior to 
survey / overall 
month’s rainfall / mean 
month’s rainfall (mm) 

Effort 

Summer 2017        
January/February 2017 18/01/2017 Muddy Lake 24.5 41.2 0 1.4 / 69.8 / 101.0 4 staff 
 19/01/2017 Muddy Lake 19.5 24.5 0  4 staff 
 08/02/2017 Muddy Lake 21.3 27.9 2.2 39.2 / 128.8 / 147.5 2 staff 
 24/02/2017 Newstan Colliery 19.3 27.8 0  2 staff 
Summer 2017/2018        
November 
 
 
 

06/11/2017 Muddy Lake 4.9 29.2 7.0 29.4 / 69.8 / 95.2 4 staff  
07/11/2017 Muddy Lake 12.7 20.8 2.0  4 staff  
08/11/2017 Muddy Lake 13.1 20.1 2.4  4 staff  
09/11/2017 Muddy Lake 

Nearby wetlands 
8.7 21.9 2.0  4 staff  

January 
 
 

22/01/2018 Muddy Lake 14.4 37.6 0 0.2 / 10.6 / 101.0 4 staff  
23/01/2018 Muddy Lake 17.6 34.1 0  4 staff  
24/01/2018 Muddy Lake/ 

Nearby wetlands 
17.0 31.8 0  4 staff  

March  
 
 
 

19/03/2018  Muddy Lake 20.9 29.7 0 0.8 / 101.6 / 131.1 4 staff  
20/03/2018 Muddy Lake 20.5 29.4 0  4 staff  
21/03/2018 Nearby wetlands* 20.0 22.1 5.6  4 staff  
22/03/2018 Muddy Lake 16.9 21.4 45.6  4 staff  

Note: Temperature and rainfall observations recorded from Lake Macquarie Weather Station (Bureau of Meteorology weather station 061412) with some additional information 
from Dora Creek Weather Station (Bureau of Meteorology weather station 061282). 
* No surveys were conducted at Muddy Lake on 21/03/2018 due to high winds and rain, making surveys unsafe. 
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3.7 Habitat assessment 

3.7.1 Vegetation assessment 

A preliminary estimate of the extent of Green and Golden Bell Frog habitat within the study area 
was determined visually using digital aerial photo interpretation. Low-lying areas containing 
water bodies with emergent vegetation such as mangroves, Phragmites rushlands and forested 
wetlands were considered potential Green and Golden Bell Frog habitat. 

Vegetation types around Muddy Lake have  previously been mapped by Bell (2016). The 
dominant plant species within each of the vegetation types was recorded as part of the habitat 
assessments and photographs taken of typical habitat. 

3.7.2 Fauna species 

An ongoing opportunistic fauna list has been compiled to identify potential predator and 
competitor species of Green and Golden Bell Frogs in the study area. For example, the 
presence of introduced fish species such as Gambusia holbrooki have been shown to reduce 
the quality of breeding habitat for Green and Golden Bell Frogs. There is also evidence that 
some frog species are ‘carriers’ of the Chytrid disease (Scheele et al 2017). Fauna species 
observed or otherwise identified within the study area during the survey periods are recorded on 
proforma field data sheets and added to the species inventory. 

3.7.3 Weather conditions 

Weather conditions during surveys were recorded on frog capture proformas or saved to an 
iphone. For the initial surveys, weather conditions were recorded from the nearby BOM weather 
stations. For the November 2017 and January 2018 surveys, weather data at the start of each 
survey was recorded using the Weather AU iPhone application which draws data from nearby 
BOM weather stations. For the March 2018 survey, two Kestrel DROP weather units were used, 
one at each site. These units can be left at a site and collect data on temperature, humidity and 
pressure every 5 minutes. Each unit was attached at head-height on a tree near the survey site. 
At the start of each survey, the current weather condition data was downloaded via Bluetooth 
and entered on the relevant proforma. Data for the four days was then downloaded at the end of 
the survey. 

3.8 Extent of the population 

Surveys have been conducted at a number of locations around Muddy Lake to determine the 
extent of the population (Figure 3-2, Figure 3-3). Initial surveys in January/February 2017 were 
conducted from the bridge at Wangi Road near where the original individuals were recorded by 
RPS, and a private property on Gradwells Road whose owners have an access agreement with 
Centennial Coal. In the November 2017 and January 2018 surveys, different sites were 
surveyed on each night, in order to assess the distribution of frogs across the entire Muddy 
Lake study area. In the March 2018 surveys, two sites (CBR1 and BSG1) were surveyed over 
three nights, in order to attempt to estimate the extent and population size at those two sites. 
These two sites are located about 780 metres apart, however habitat is continuous between the 
two sites. 

Teams consisted of two staff, who searched for frogs for a period of at least two hours following 
sunset at one site. A combination of habitat searches using head-torches and call playback was 
used. Staff wore waders, allowing searches to be conducted in deeper water as well as on the 
shore.  
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A nocturnal canoe-based survey was conducted on two nights in November 2017 to identify 
new areas where the frogs may occur (Figure 3-2). On the first night the canoe was launched 
from the Gradwells Road (gate 3) site, with the canoers heading east into the lake and then 
south. On the second night the canoe was launched at the Wangi Road bridge, and headed 
west to check the northern and southern sides of the lake west of the rail bridge. Locations 
where frogs were present were identified by call (in November 2017 only) and by sight (using 
head torches).  

Over the November 2017, and January and March 2018 survey periods, additional surveys 
were conducted from other publicly accessible locations, or from the rail corridor (in the 
company of a protection officer), and in areas identified during the canoe surveys (Figure 3-2). 
Generally, a diurnal survey was conducted to identify areas and access points, followed by a 
nocturnal survey, involving targeted searches or call playback (depending on whether the site 
was public land or not). 

A full list of survey sites is provided in Table 3-4. Targeted survey sites are mapped on Figure 
3-2. Other survey methods are mapped on Figure 3-3. 

 

Table 3-4 Muddy Lake survey locations 

Site name Site code Survey dates Survey methods 

Wangi Road bridge 
East (north) 

WRE1 January 2017 

November 2017 

January 2018 

Habitat assessment 

Mark/recapture 

Genetic sampling 

Wangi Road bridge 
East (south) 

WRE2 November 2017 

January 2018 

Mark/recapture 

Genetic sampling 

Wangi Road bridge 
West (north) 

WRW1 November 2017 

 

Mark/recapture 

Genetic sampling 

Wangi Road bridge 
West (south) 

WRW1 January 2017 

January 2018 

Mark/recapture 

Genetic sampling 

Gradwells Road North 
(gate 3 site) 

BNG3 January 2017 Habitat assessment 

Canoe survey 

Tadpole dip-netting 

Mark/recapture 

Genetic sampling 

Gradwells Road South 
(gate 1 site) 

BSG1 January 2018 

March 2018 

Habitat assessment 

Tadpole dip-netting 

Mark/recapture 

Genetic sampling 

Simpson Road Track 1 SRT1 November 2017 Habitat assessment 

Nocturnal survey 

Simpson Road Track 2 SRT2 November 2017 Habitat assessment 

Nocturnal survey 
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Site name Site code Survey dates Survey methods 

Eraring Canal access 
track 

ECAT November 2017 

January 2018 

March 2018 

Habitat assessment 

Nocturnal survey 

Douglas Streel Oval DSOV November 2017 

January 2017 

Habitat assessment 

Nocturnal survey 

Rail corridor (north) RCN1 January 2018 Habitat assessment 

Tadpole dip-netting 

Mark/recapture 

Genetic sampling 

Rail corridor (south) RCS1 January 2018 Habitat assessment 

Rail corridor 
(Coorumbung Road 
gate) 

RCCR January 2018 Habitat assessment 

Tadpole dip-netting 

Coorumbung Road CBR1 November 2017 Canoe survey 

 

 

 January 2018 

March 2018 

Habitat assessment 

Mark/recapture 

Genetic sampling 

Dora Creek Primary 
School 

DCPS March 2018 Habitat assessment 
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3.9 Population sampling 

3.9.1 Team members 

Team members comprised staff from GHD with experience in zoological surveys, led by 
principal researcher Dr Kirsten Crosby. Key staff were trained in microchipping at the University 
of Newcastle prior to conducting the surveys. Team members were rotated in order to minimise 
surveyor effect (see section 6.2.3). 

3.9.2 Reference population 

Given the lack of evidence to date of any other local populations of the Green and Golden Bell 
Frog, the population at Kooragang Island has been used as the reference population for this 
project. Although this reference population occurs approximately 45 km northeast of the study 
area, it is one of the more reliable sites for detecting Green and Golden Bell Frogs (M. Mahony 
pers. comm.), and was selected on this basis. Other populations of the Green and Golden Bell 
Frogs nearer to the study area such as at Catherine Hill Bay were considered less reliable for 
detectability due to a lack of records of individuals in these areas. Professor Mahony or other 
staff in his research team confirmed Green and Golden Bell Frog activity at Kooragang Island 
prior to surveys at Muddy Lake being conducted. 

3.9.3 Mark and recapture 

Mark and recapture surveys were undertaken to estimate the population size of Green and 
Golden Bell Frogs within the study area. This method has been successfully used in other 
monitoring projects for the Green and Golden Bell Frog, such as at Sydney Olympic Park 
(Picket et al. 2014) and at Kooragang Island. The method involves the capture, mark and 
release of a portion of the population over a series of nights until a sufficient number of marked 
individuals are recaptured. Modelling is then applied to estimate the total population size. 

As noted in Section 3.8, surveys initially focussed on determining the extent of the population, 
and mark and recapture surveys were conducted at a variety of sites on different nights, rather 
than one site over consecutive nights. In the March 2018 surveys, two sites were surveyed over 
three nights, to attempt to estimate the population at those sites. This survey was intended to be 
conducted over four nights, however high winds and heavy rain on the Wednesday meant 
conditions were not safe to conduct surveys at the lake, due to risk of falling trees. 

Green and Golden Bell Frogs were visually detected within the study area at night using high-
powered head torches. Individuals were then captured using plastic bags placed over the hand. 
Each individual was captured using a single plastic bag, which was disposed of after use. This 
minimised the potential for the spread of Chytrid between captured individuals, in accordance 
with the hygiene protocol for the control of disease in frogs (DECCW 2008). 

The location of each individual was saved in Collector, an ArcGIS application downloaded onto 
field staff’s smartphones. Each individual was assigned a unique number when captured. This 
number was entered into the Collector waypoint, written on flagging tape at the capture site, and 
written either on the bag or on tape attached to the bag that the individual frog was held in. 
Flagging tape was attached to a nearby tree or emergent reeds.  

Green and Golden Bell Frogs were marked using passive integrated transponder (PIT) tags. In 
particular, internal Trovan midi-chips were used, which consist of an integrated circuit chip, 
capacitor, and antenna coil encased in glass (Roussel et al. 2000; Christy 2006). The tags were 
cylindrical in shape, 7 mm long, and 1 mm in diameter.  

PIT tags were inserted into individuals via large-gauge needles into the dorsolateral region of 
the body (lymphatic sack) in accordance with the University of Newcastle’s Standard Operating 

https://en.wikipedia.org/wiki/Population
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Procedure (SOP) for PIT tagging. This method is also consistent with the methods of Christy 
(2006). In accordance with this method, all PIT tagged individuals were a minimum of 30 mm 
(snout to vent) length. Individuals smaller than 30 mm were measured, sexed and weighed, but 
were released without PIT tags. 

A Trovan Multi-reader (scanning device) was used to identify PIT tagged individuals that were 
recaptured. This device is simply placed near the captured animal and a button is pressed to 
scan and identify the presence of a PIT tag (Keck 1994). 

Male individuals were distinguished from females based either on the presence of nuptial pads 
or by throat colour. Nuptial pads are a sexually dimorphic trait used by males to clamp on to 
females. This feature only becomes visible in larger male frogs, which prevents the accurate 
identification of sex in juvenile individuals. Males may also have a yellow-brown patch on the 
throat, while females tend to have a white throat. 

Green and Golden Bell Frogs were captured in the field and then brought to a central location 
for processing. The following information was then recorded on proforma data sheets for each 
individual: 

 Site 

 Time of capture 

 Weather conditions (temperature and humidity) 

 GPS location (unique number as entered into Collector) 

 Habitat 

 Sex 

 Weight (measured using a spring balance) 

 Body length (snout to vent) (measured using calipers) 

 Presence/ absence of Chytrid symptoms. 

All individuals were released after processing, which was generally within 2-3 hours of capture. 
Staff returned to the Collector waypoint, and released the individuals at point of capture, as per 
the unique identifier on the flagging tape and the bag. Frogs were watched to ensure they either 
hopped or swam away and did not show any signs of obvious stress following release. 

3.9.4 DNA sampling 

DNA tissue samples were collected from each tagged individual using a sterile Kai Skin Biopsy 
Punch (SSS Australia Pty. Ltd.) to remove a section of webbing from the hind foot. These 
samples were then stored in separately labelled Eppendorf tubes containing 80% ethanol. 

When a sufficient number of DNA tissue samples are acquired from the Green and Golden Bell 
Frog population within the study area, genetic analysis using laboratory techniques such as 
Diversity Array Technology (DArT) may be used to examine the genetic characteristics of the 
population. This information may be used to identify levels of population genetic diversity 
(heterozygosity) which is a useful indicator of population viability. For example, inbreeding is 
often evident in small isolated populations. A genetics study may therefore reveal important 
information that has implications for the future conservation of the population/species. 

3.9.5 Chytrid fungus 

Frogs were assessed for visual signs of Chytrid infection during processing. No swab testing 
has been done as this is not yet part of the GHD AEC’s approved high risk methodology for the 
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project. It is envisioned that testing for Chytrid fungus will be added to the project for future 
survey sessions. 

3.10 Identification of breeding areas 

Dip-netting for tadpoles was conducted during the day at two locations (Figure 3-3) in the 
January 2018 survey period (RCCR and BSG1) (Figure 3-3). This involved two teams of two 
staff with dip nets undertaking sweeps in various habitat areas around Muddy Lake during the 
afternoon. The aims of the surveys were to identify if the Green and Golden Bell Frog was 
breeding at Muddy Lake itself, or if breeding was occurring elsewhere. Identifying breeding sites 
is difficult because bell frog egg masses sink and dissipate soon after oviposition, which 
reduces visibility (Harrison 1922). Additionally, tadpoles have a relatively low detectability 
(Heard et al. 2006). It is also possible that the presence of aquatic predators, such as mosquito 
fish, may further reduce the detectability of bell frog tadpoles (Mahony et al 2013). Following the 
capture of gravid females at Muddy Lake during the same survey period, further tadpole surveys 
were deemed unnecessary at this time. Taken together with the presence of calling males, 
females and juvenile frogs at various locations around the lake, it is assumed that breeding 
occurs at Muddy Lake. 

3.11 In situ water quality 

3.11.1 Water quality monitoring - GHD 

GHD conducts biannual aquatic ecology monitoring within waterways with the potential to be 
impacted by the pumping of mine water from the Mandalong underground mine workings 
(Cooranbong void). This monitoring program involves assessment of various sites, consisting of 
three reference sites upstream of the discharges, two impact sites downstream of the CES 
discharge (near the top of Muddy Lake), and two recovery sites located further downstream 
within Muddy Lake. The two sites at Muddy Lake are SW016 (private property on the western 
shore) and SW017 (eastern side of Wangi Road bridge) (Figure 1-1). Macroinvertebrate, water 
and sediment samples were collected from each site in autumn and spring (GHD 2018). 

Water quality 

In situ physico-chemical water quality parameters were measured at each of the sampling sites 
using a YSI ProDSS multi-parameter water quality meter. This meter was calibrated in 
accordance with Quality System/Quality Assurance (QS/QA) requirements and the 
manufacturer’s specifications prior to its use in the field (GHD 2018).   

In situ physico-chemical measurements included: 

 Temperature (°C) 

 pH (pH units) 

 Electrical Conductivity (µS/cm and ppt) 

 Dissolved Oxygen (mg/L and % saturation) 

 Turbidity. 

Sediment grab samples were collected using a hand corer, pushed 200 mm into the substrate 
(GHD 2018). Samples were analysed for the following parameters: 

 Organics 

 Nutrients 

 Total metal 
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 1M CHl extractable metals. 

GHD’s aquatic ecology team perform a principal components analysis (PCA) on water quality 
data to identify temporal and spatial trends. PCA is a multivariate analysis technique that is 
commonly used on environmental data as an exploratory procedure. It compresses a set of 
variables into a smaller number of derived variables called components. These components are 
linear combinations of the original variables that help explain as much of the variation in the 
data matrix as possible (Quinn and Keough 2002). PCA is useful for identifying key variables 
from a large data set. 

Macroinvertebrates 

Macroinvertebrate sampling was conducted in accordance with the NSW AUSRIVAS Sampling 
and processing Manual (Turak et al 2004). The AUSRIVAS program is a nationally recognised, 
standardised sampling protocol used to assess the health of Australian Rivers and developed 
for Australia’s National River Health Program (GHD 2018). 

Following identification of macroinvertebrates, a variety of data analyses were carried out. 
These analyses provide indices allowing for a broad assessment of the condition or “health” of 
the macroinvertebrate community at each site and allows a comparison between sites based 
upon community structure and defined habitat characteristics. Analyses conducted included: 

 Taxa Richness: Richness refers to the number of different taxa contained in a sample. 
Higher richness scores tend to indicate better ecological health, although some exceptions 
do apply to this general rule. 

 EPT richness: EPT richness refers to the number of macroinvertebrate families belonging 
to the Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) 
groups. These groups are generally recognised to be among the more pollution-sensitive 
macroinvertebrate taxa.  

 SIGNAL-2:  this is a biotic index based on pollution sensitivity values. This index ranges 
from 1 to 10, with higher scores indicative of higher sensitivity to pollution and, therefore, 
lower environmental stress at that site. 

3.11.2 Water quality monitoring - AECOM 

AECOM currently conducts in situ surface water quality sampling within the study area, which is 
a requirement of the Centennial Mandalong Environment Protection License (EPL) 365. Monthly 
sampling occurs at a number of locations, the nearest to the study area being SW016 and 
SW017 (see Figure 1-1). 

3.11.3 Trigger values 

Site-specific trigger values (SSTVs) were calculated for the project site in 2016 and compared to 
the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC 
2000). Trigger values that may be relevant to this project area presented in Table 3-5.  
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Table 3-5 ANZECC (2000) default trigger values for assessment of 
Cooranbong discharge and downstream water quality 

Parameter SW014* 
80th 
percentile 

EPL** 
concentration 
limit 

ANZECC 
(2000) 
guideline 
value 

Relevant 
section of 
ANZECC 
(2000) 

Proposed 
SSTV*** 

Justification/basis 

pH - Lower 
(pH units)* 

6.75 6.5 6.5 NSW 
Lowland 
Rivers 
(Table 
8.2.8) 

6.5 EPL concentration 
limit 

pH - Upper 
(pH units) 

7.22 8.5 9 NSW 
Lowland 
Rivers 
(Table 
8.2.8) 

9 EPL concentration 
limit 

EC (µS/cm) 502   300 NSW 
Coastal 
Rivers 
(Table 
3.3.3) 

3250 3250 µS/cm has 
been indicated by 
Dr R. Krassoi 
(Director of Ecotox 
Services 
Australasia, pers. 
comm.) as the 
threshold at which 
adverse impacts 
to the sensitive 
cladoceran test 
species is often 
observed in 
ecotoxicological 
assessments 

* SW014 is a reference site located on the unnamed creek upstream of LDP001 

** EPL – environmental protection licence 

*** SSTV – site-specific trigger value 

3.11.4 Water quality measurements at Green and Golden Bell Frog survey 
sites 

In situ physico-chemical water quality parameters were measured as above at various locations 
where Green and Golden Bell Frog targeted searches were conducted to identify water quality 
parameters during the surveys (see Figure 3-3).  

Note that several Green and Golden Bell Frog studies report salinity levels in parts per thousand 
(ppt) however, this value can only be converted accurately to µS/cm if the temperature of the 
sample is also recorded at the time of sampling. Therefore, in this assessment, both ppt and 
µS/cm are presented and discussed where possible. 

3.12 Proformas and data collection 

GPS points of frog captures and other survey points were saved in Collector, an ArcGIS 
application downloaded on field staff’s smartphones. This app also allows entry of metadata 
associated with waypoints, and photographs to be linked to waypoints. Once back in the office, 
data and photographs are downloaded to the project site. 

Proforma field sheets were developed for the initial field surveys in January 2017. These have 
been revised over the baseline surveys to allow better collection of data. Data from fieldsheets 
is entered onto the excel spreadsheet with the waypoint data for the captured frogs. 
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3.13 Population estimation  

The mark-recapture method can be used to estimate abundance as long as the underlying 
assumptions are met (Thompson et al. 1998). Mark-recapture analysis can also be used to 
estimate other population parameters such as survival, recruitment, and population growth rate 
(Lettink and Armstrong 2003). 

Closed population mark-recapture studies are used to estimate the number of animals in a 
population. The Lincoln- Peterson estimate is calculated over two sessions and is based on the 
following assumptions: 

 There is no birth, death or emigration during the study  

 All animals have the same probability of being caught  

 Marks are not lost. 

The Lincoln- Peterson equation is  

 

 N = MxS 
         R  

where 

N = population size estimate 
M = marked individuals released 
S = size of second sample 
R = marked animals recaptured. 

 

Recapture rates must be high enough to support an accurate estimate. The Lincoln-Peterson 
calculation tends to overestimate the population size, especially if the number of recaptures is 
small. To provide a better estimate, multiple marks and recaptures can be undertaken and the 
Schnabel index used to estimate population size (see below). The assumptions of the Lincoln- 
Peterson estimate are the same as for the Schnabel index. 

 

where  

N = population size estimate  
Mi = the total number of previously marked animals at time i 
Ci = the number caught at time i,  
Ri = the number of marked animals caught at time i. 

 

The Schnabel index was used to estimate population sizes at two sample locations for the 
March surveys as captures were undertaken on more than two nights.  

Further discussion of survey design for monitoring, including statistical analysis, is provided in 
section 6. 
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4. Habitat values in the study area 
4.1 Vegetation  

4.1.1 Muddy Lake 

The vegetation around Muddy Lake comprises a mosaic of different vegetation types, which 
have many of the features typical of Green and Golden Bell Frog habitat, including dense 
terrestrial vegetation (Swamp Oak Forest) adjacent to the water body and dense emergent 
aquatic vegetation (Typha orientalis, Eleocharis sphacelata and Schoenoplectus validus) within 
the water body.  

Green and Golden Bell Frogs have been recorded during recent surveys in three of the Plant 
Community Types (PCTs) mapped in the area by Bell (2016):  

 PCT 1727: Swamp Oak - Sea Rush - Baumea juncea swamp forest on coastal lowlands of 
the Central Coast and Lower North Coast 

 PCT 1725: Swamp Mahogany - Broad-leaved Paperbark - Swamp Water Fern - Plume 
Rush swamp forest on coastal lowlands of the Central Coast and Lower North Coast 

 PCT 1747: Grey Mangrove low closed forest. 

No Green and Golden Bell Frogs have been recorded to date in the eucalypt and paperbark 
swamp forests at the northern end of the lake.  

A summary of PCTs mapped at Muddy Lake is provided in Table 4-1. Detailed floristic 
descriptions are provided for each of these vegetation types in Table 4-2 to Table 4-7. 

A number of vegetation types are listed as endangered ecological communities (EEC) under the 
BC Act and/or EPBC Act. In addition, mangroves are considered ‘marine vegetation’ under the 
Fisheries Management Act 1994. 
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Table 4-1 Plant community types mapped by Bell (2016) at Muddy Lake 

Plant Community Type Bell (2016) 
vegetation map 
unit 

BC Act Status EPBC Act Status Location GGBF 
recorded 

PCT 1619: Smooth-barked 
Apple - Red Bloodwood - 
Brown Stringybark - Hairpin 
Banksia heathy open forest of 
coastal lowlands 

30f Freeman’s 
Peppermint – 
Apple – 
Bloodwood Forest 

  Small area in north-
eastern side of the 
lake, near 
Cooranbong Colliery 

No 

PCT 1718: Swamp Mahogany 
- Flax-leaved Paperbark 
swamp forest on coastal 
lowlands of the Central Coast 

37 Swamp 
Mahogany 
Paperbark Forest 

Swamp Sclerophyll Forest on 
Coastal Floodplains of the New 
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions EEC 

 Northern bank of the 
lake, south of 
Simpson Road 

No 

PCT 1725: Swamp Mahogany 
- Broad-leaved Paperbark - 
Swamp Water Fern - Plume 
Rush swamp forest on coastal 
lowlands of the Central Coast 
and Lower North Coast 

37e Coastal Sand 
Swamp Forest 

Swamp Sclerophyll Forest on 
Coastal Floodplains of the New 
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions EEC 

 Majority of the 
western portion of 
the lake 

Yes, many 
locations 

PCT 1727: Swamp Oak - Sea 
Rush - Baumea juncea swamp 
forest on coastal lowlands of 
the Central Coast and Lower 
North Coast 

40 Swamp Oak 
Rushland Forest 

Swamp Oak Floodplain Forest of 
the New South Wales North 
Coast, Sydney Basin and South 
East Corner Bioregions EEC 

Coastal Swamp Oak 
(Casuarina glauca) 
Forest of South-east 
Queensland and 
New South Wales 
EEC 

Southern and 
eastern areas of the 
lake, and eastern 
boundary of the 
northern portion of 
the lake 

Yes, many 
locations 

PCT 1715: Prickly-leaved 
Paperbark - Flax-leaved 
Paperbark swamp forest on 
poorly drained soils of the 
Central Coast 

43a Estuarine 
Paperbark Scrub 
Forest 

Swamp Sclerophyll Forest on 
Coastal Floodplains of the New 
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions EEC 

 Small area in north 
side of the lake, near 
Cooranbong Colliery 
and Simpson Road 

No 

PCT 1747: Grey Mangrove low 
closed forest 

47 Mangrove 
Estuarine 
Complex 

  Edges of the eastern 
portion of the lake 

Yes 
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Table 4-2 Swamp Oak Rushland Forest 

PCT 1727 Swamp Oak - Sea Rush - Baumea juncea swamp forest on coastal lowlands 
of the Central Coast and Lower North Coast 

Landscape 
position 

This vegetation type occurred mainly around the edges of Muddy Lake. It 
intergrades with PCT 1747 (Grey Mangrove low closed forest), particularly in 
the east, and PCT 1725 (Swamp Mahogany - Broad-leaved Paperbark - 
Swamp Water Fern - Plume Rush swamp forest). 
In some areas this PCT occurs as small clumps of sedges surrounded by 
open water, with the occasional Swamp Oak present. 

Over-storey  The canopy of the community is dominated by Casuarina glauca (Swamp 
Oak). In some areas many of these trees had fallen over, with some 
resprouting evident. 

Mid-storey  The shrub layer is largely absent. 
Groundcover  The upper groundcover was dominated mainly by Baumea juncea and to a 

lesser extent by Phragmites australis (Common Reed). Other species that 
occurred to a lesser extent included Sporobolus virginicus (Saltwater Couch) 
and Juncus kraussii (Sea Rush). Mat-forming plants in this habitat include 
Samolus repens (Creeping Brookweed). 

Exotic 
species 

Infestations of Juncus acutus (Spike Rush) and Lantana camara (Lantana) 
were observed in some areas. 

Green and 
Golden Bell 
Frog 
observations 

Green and Golden Bell Frogs were recorded at a number of locations within 
this PCT. Individuals were recorded within reeds, on branches up to 2 
metres high in trees, as well as on the ground. 
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PCT 1727 Swamp Oak - Sea Rush - Baumea juncea swamp forest on coastal lowlands 
of the Central Coast and Lower North Coast 
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Table 4-3 Coastal Sand Swamp Forest 

PCT 1725 Swamp Mahogany - Broad-leaved Paperbark - Swamp Water Fern - Plume 
Rush swamp forest on coastal lowlands of the Central Coast and Lower 
North Coast 

Landscape 
position 

Bell (2016) mapped this community throughout much of the western portion 
of Muddy Lake. This PCT intergrades with Swamp Oak - Sea Rush - 
Baumea juncea swamp forest along the margins of the lake. In the north, it 
intergrades with other eucalypt and paperbark communities. 

Over-storey  The freshwater wetland contained occasional Casuarina glauca (Swamp 
Oak) and Melaleuca quinquenervia (Broad-leaved Paperbark).  

Mid-storey  The shrub layer is largely absent. 
Groundcover  It is dominated by tall reeds such as Typha orientalis (Broad-leaved 

Cumbungi) and Phragmites australis (Common Reed). Other species that 
occur to a lesser extent include Schoenoplectus validus, Persicaria 
decipiens (Slender Knotweed), Bolboschoenus caldwellii and Eleocharis 
sphacelata. Large floating matts of Bacopa monnieri (Bacopa) are also 
present.  

Exotic 
species 

Infestations of the noxious weed Eichhornia crassipes (Water Hyacinth) are 
present in some areas and a small infestation of the noxious weed Salvinia 
molesta (Salvinia) is located near the rail corridor. 

Green and 
Golden Bell 
Frog 
observations 

Green and Golden Bell Frogs were recorded at a number of locations within 
this PCT. Individuals were recorded within reeds, on branches up to 2 
metres high in trees, as well as on the ground. 
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Table 4-4 Mangrove Estuarine Complex 

PCT 1747 Grey Mangrove low closed forest 

Landscape 
position 

This vegetation type mainly occurred around the edges of Muddy Lake in 
the eastern portion (eastern side of Wangi Road). Small patches also occur 
west of the rail bridge. 

Over-storey  The canopy is dominated by Avicennia marina (Grey Mangrove). 

Mid-storey  The shrub layer is largely absent. 
Groundcover  The upper groundcover was mainly dominated by Baumea juncea and to a 

lesser extent by Phragmites australis (Common Reed). Salt-tolerant species 
such as Sarcocornia quinqueflora (Samphire), Sporobolus virginicus 
(Saltwater Couch), Samolus repens (Creeping Brookweed), and Juncus 
kraussii (Sea Rush) also occurred. 

Exotic 
species 

Infestations of Juncus acutus (Spike Rush) and Lantana camara (Lantana) 
were observed in some areas. 

Green and 
Golden Bell 
Frog 
observations 

Green and Golden Bell Frogs were recorded at a number of locations within 
reeds, up to 1 metre high in trees, within Creeping Brookweed, and on the 
ground. 

 

 

 



 

GHD | Report for Centennial Coal Company Ltd - Northern Coal Logistics Project Green and Golden Bell Frog Research 

Program, 221856200 | 40 

Table 4-5 Swamp Mahogany Paperbark Forest 

PCT 1718 Swamp Mahogany - Flax-leaved Paperbark swamp forest on coastal 
lowlands of the Central Coast 

Landscape 
position 

Occurs on the northern bank of the lake, south of Simpson Road. It follows 
the creek from the mine discharge to the lake. This vegetation type is 
common in well-defined drainage lines (Bell, 2016). 

Over-storey  Dominated by Eucalyptus robusta (Swamp Mahogany) in association with 
Melaleuca linariifolia (Flax-leaved Paperbark), Melaleuca sieberi, Eucalyptus 
resinifera (Red Mahogany) and Eucalyptus tereticornis (Forest Red Gum). 

Mid-storey  The understorey is variable, often with a dense shrub layer of species such 
as Acacia longifolia (Sydney Golden Wattle), Omalanthus nutans, 
Leptospermum juniperinum (Prickly Tea-tree), Melaleuca thymifolia (Thyme 
Honey-myrtle) and Pultenaea villosa (Hairy Bush-pea). 

Groundcover  The understorey is often waterlogged, and is dominated by sedges such as 
Gahnia clarkei (Tall Saw-sedge), Chorizandra cymbaria, Baloskion 
tetraphyllum subsp. meiostachyum (Plume Rush) and Schoenus 
melanostachys (Black Bog-rush); as well as ferns such as Telmatoblechnum 
indicum (Swamp Water Fern), grasses, including Entolasia marginata 
(Bordered Panic), and rushes, including Dianella caerulea var. assera and 
Lomandra longifolia (Spiny-headed Mat-rush). 

Exotic 
species 

Some encroaching pasture species and Lantana (Lantana camara) are 
present in this vegetation type 

Green and 
Golden Bell 
Frog 
observations 

No Green and Golden Bell Frogs were observed or heard along the creeks or 
in adjacent vegetation in this vegetation type. A large population of Tyler’s 
Tree Frog (Litoria tyleri) were heard calling from within a freshwater wetland 
within this vegetation type on one evening in November 2017. 
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Table 4-6 Freeman’s Peppermint – Apple – Bloodwood Forest 

PCT 1619 Smooth-barked Apple - Red Bloodwood - Brown Stringybark - Hairpin 
Banksia heathy open forest of coastal lowlands 

Landscape 
position 

A small area of this vegetation type occurs on the north-eastern side of the 
lake, near Cooranbong Colliery, in particular along the western edge of the 
creek where the mine’s water is discharged. 

Over-storey  Typically characterised by Eucalyptus piperita (Sydney Peppermint), in 
conjunction with Angophora costata (Smooth-barked Apple) and Corymbia 
gummifera (Red Bloodwood).   

Mid-storey  Shrub layer dominated by Doryanthes excelsa (Gymea Lily), with Pteridium 
esculentum (Common Bracken), Gompholobium latifolium (Golden Glory 
Pea), Acacia myrtifolia (Red-stemmed Wattle), Hibbertia empetrifolia subsp. 
empetrifolia, Podolobium ilicifolium (Prickly Shaggy Pea), Bossiaea 
obcordata (Spiny Bossiaea), Banksia spinulosa var. collina (Hairpin 
Banksia) and Leptospermum trinervium (Flaky-barked Tea-tree) also 
present. 

Groundcover  Dominated by grasses, including Themeda australis (Kangaroo Grass) and 
Entolasia stricta (Wiry Panic), in addition to low-growing or prostrate shrubs, 
rushes and herbs such as Gonocarpus tetragynus, Brunoniella australis 
(Blue Trumpet), Lomandra obliqua and Patersonia glabrata (Leafy Purple-
flag). 

Exotic 
species 

Some encroaching pasture species are present in this vegetation type. 

Green and 
Golden Bell 
Frog 
observations 

No Green and Golden Bell Frogs were observed within this PCT. 

 

Table 4-7 Estuarine Paperbark Scrub Forest 

PCT  Prickly-leaved Paperbark - Flax-leaved Paperbark swamp forest on poorly 
drained soils of the Central Coast 

Landscape 
position 

Small area in north side of the lake, near Cooranbong Colliery and Simpson 
Road. Typically restricted to compacted clay soils near estuarine swamp 
systems (Bell, 2016)  

Over-storey  Comprises a low canopy of dense thickets of Paperbarks, including 
Melaleuca nodosa (Prickly-leaved Paperbark) and Melaleuca sieberi, with 
occasional emergent eucalypts such as Eucalyptus resinifera (Red 
Mahogany), Eucalyptus paniculata (Grey Ironbark) or Angophora costata 
(Smooth-barked Apple).  

Mid-storey  The shrub layer is largely absent. 
Groundcover  Generally limited to clumps of Gahnia clarkei (Tall Saw-sedge) and Baumea 

juncea, and grasses, such as Microlaena stipoides var. stipoides (Weeping 
Grass). 

Green and 
Golden Bell 
Frog 
observations 

No Green and Golden Bell Frogs were observed or heard along the creeks 
or in adjacent areas of this vegetation type. 



 

GHD | Report for Centennial Coal Company Ltd - Northern Coal Logistics Project Green and Golden Bell Frog Research 

Program, 221856200 | 42 

4.1.2 Other wetlands in the area 

Other wetlands inspected during surveys also comprise a mosaic of different vegetation types, 
which have many of the features typical of preferred Green and Golden Bell Frog habitat, 
including emergent aquatic vegetation, surrounding terrestrial vegetation, and areas for basking. 
Many of the water bodies inspected were dry over summer 2017/2018. Vegetation types 
mapped at these sites by Bell (2016) are detailed in Table 4-8. No native vegetation is mapped 
at Newstan Colliery near the bywash dam. 

No Green and Golden Bell Frogs have been recorded at any other wetlands in the area during 
surveys, including the bywash dam at Newstan Colliery.  

Table 4-8 PCTs mapped by Bell (2016) at other wetlands surveyed during the 
assessment 

Plant Community 
Type 

Bell (2016) 
vegetation map 
unit 

BC Act Status EPBC Act 
Status 

Location 

PCT 1718: Swamp 
Mahogany - Flax-
leaved Paperbark 
swamp forest on 
coastal lowlands of 
the Central Coast 

37 Swamp 
Mahogany 
Paperbark Forest 

Swamp Sclerophyll 
Forest on Coastal 
Floodplains of the 
New South Wales 
North Coast, 
Sydney Basin and 
South East Corner 
Bioregions 

- Kalang Road 
wetland 
Freemans Drive 
wetland 

PCT 1727: Swamp 
Oak - Sea Rush - 
Baumea juncea 
swamp forest on 
coastal lowlands of 
the Central Coast 
and Lower North 
Coast 

40 Swamp Oak 
Rushland Forest 

Swamp Oak 
Floodplain Forest of 
the New South 
Wales North Coast, 
Sydney Basin and 
South East Corner 
Bioregions 

Coastal 
Swamp Oak 
(Casuarina 
glauca) Forest 
of South-east 
Queensland 
and New 
South Wales 

Dora Street 
wetland 
Stingaree Drive 
wetland 

Equivalent PCT not 
yet determined 

46 Freshwater 
Wetland Complex 

Freshwater 
Wetlands on 
Coastal Floodplains 

- Kalang Road 
wetland 

Equivalent PCT not 
yet determined 

46a Freshwater 
Typha Complex 

Freshwater 
Wetlands on 
Coastal Floodplains 

- Freemans Drive 
wetland 

PCT 1747: Grey 
Mangrove low closed 
forest 

47 Mangrove 
Estuarine 
Complex 

- - Dora Street 
wetland 
Stingaree Drive 
wetland 

PCT 1746: 
Saltmarsh Estuarine 
Complex 

47a Saltmarsh Coastal Saltmarsh 
in the New South 
Wales North Coast, 
Sydney Basin and 
South East Corner 
Bioregions 

- Dora Street 
wetland 
Stingaree Drive 
wetland 
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4.2 Water quality  

4.2.1 Ongoing water quality monitoring 

Discharge rates 

Discharges have occurred at varying rates over recent years. In addition, there have been a 
number of times when there have been no discharges (see Table 4-9). This is likely to affect the 
water level as well as the salinity of Muddy Lake to some degree, particularly if discharges stop 
for prolonged periods.  

Given the low water levels (or lack of water) observed in other wetlands in the wider study area 
during the baseline Green and Golden Bell Frog surveys, it is possible the discharges from the 
mine are providing a permanent water source at Muddy Lake, and may thus be part of the 
reason that the species still occurs at the site. In addition, the changes in discharge rates may 
lead to some fluctuations in water depth and location of ephemeral ponds near the lake. 
Flooding of ephemeral water bodies is known to trigger breeding or provide ‘stepping-stones’ for 
dispersal (Pyke and White 1996, Morgan and Buttemer 1996, DEWHA 2009).  

Table 4-9 Discharge status during aquatic ecology monitoring events in 
recent years (GHD 2017) 

Aquatic Ecology sampling event State of water discharge from LDP001 
Winter (July) 2012 Average discharge rate of 1.5 ML/day 

Spring (October) 2013 Average discharge rate of 2.8 ML/day 
Autumn (April) 2014 No discharges for two months prior to sampling 
Spring (September/October) 2014 Average discharge rate of 2.3 ML/day, following seven 

month period of no discharges 
Autumn (May) 2015 Average discharge rate of 1.2 ML/day 
Spring (October) 2015 Average discharge rate of 1.7 ML/day 
Winter (June) 2016 Average discharge rate of 2.9 ML/day 
Spring (October) 2016 Average discharge rate of 2.9 ML/day 
Autumn (April) 2017 Average discharge rate of 2.2 ML/day 
Spring (October) 2017 Average discharge rate of 0.7 ML/day on 11 October. 

No discharges during 6 October and 9 October 
sampling, or during the 11 days prior to sampling 

Salinity 

An outlet to Lake Eraring is present at the eastern side of Muddy Lake. Review of available 
aerial imagery and the 2 m contours of Muddy Lake suggests that tidal waters may have the 
potential to reach the two water quality monitoring sites in Muddy Lake (recovery sites) during 
king tides. The likelihood of this is greater at the further downstream site (SW017), as indicated 
by the presence of mangroves present at the site (GHD 2017). 

Over various years, the discharge site LDP001 and impact site CCSR1 have had relatively 
consistent electrical conductivity (EC), which have remained above SSGV of 3000 µS/cm, 
during nearly all of the sampling events. EC at CCSR1, and the sites in Muddy Lake (SW016 
and SW017) was high in spring 2017, potentially as a result of the lack of discharges at this 
time. EC exceeded the SSGV of 3250 µS/cm at all impact and recovery sites in spring 2017 
with the highest values at Muddy Lake sites SW016 and SW017 (GHD 2017). This level of 
conductivity has been shown in other studies to impact tadpole growth and development (see 
section 2.4.3). 
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Alkalinity 

Observed pH at impact and recovery sites has been generally higher than reference sites but 
within the SSGV range over most of the aquatic ecology assessment period. In spring 2017, the 
pH value at LDP001 exceeded the SSGV of 8.5 at the discharge site LDP001, as well as the 
Muddy lake sites (SW016 and SW017). No discharges were occurring at this time, which may 
have led to the elevated results. As noted in section 2.4.2, Green and Golden Bell Frogs can 
withstand a wide range of pH, including values of over 9. 

Refer to Table 4-10 and Table 4-11 for full details of water quality results in spring 2017 and 
autumn 2018. 

Sediment quality 

Sediment quality has been generally below guideline values at the site immediately downstream 
of the discharge LDP001. There are elevated concentrations of nickel and zinc in the sediment 
at impact site CCSR1, likely as a result of the cumulative concentrations of nickel and zinc in 
water from the CES discharge and the Awaba seepage, combined with the high alkalinity of 
water downstream of LDP001. The concentrations of nickel and zinc observed at CCSR1 have 
the potential to cause biological effects, however, the lower concentrations in the sediment at 
SW016 and SW017 in 2017 indicate that the risk of impacts to aquatic biota is spatially limited 
to the unnamed creek upstream of Muddy Lake (GHD 2017). 

Principal components analysis 

The PCA was performed on autumn 2017 water quality data. The plot demonstrated that the 
water quality at the reference sites upstream of the discharge is distinct from the impact and 
recovery sites (ie the sites within Muddy Lake). Higher concentrations of dissolved iron and 
lower concentrations of dissolved oxygen, calcium, magnesium and bicarbonate alkalinity were 
observed at the reference sites than at the impact and recovery sites.  

Water quality at impact site CCSR1 (just downstream of the discharge, at the northern end of 
Muddy Lake) was characterised by moderately low total Kjeldahl nitrogen levels and elevated 
dissolved oxygen, calcium, magnesium, bicarbonate alkalinity, sulfate chloride and sodium 
concentrations. Water quality at downstream recovery sites SW016 and SW017 in Muddy Lake 
closely resembled the water quality at the discharge LDP001, and were characterised by higher 
concentrations of nutrients, relative to CCSR1, and higher concentrations of the major ions 
compared to reference sites.  

Macroinvertebrate community 

The aquatic studies have assessed the health of the macroinvertebrate community in Muddy 
Lake. The Green and Golden Bell Frog is likely to forage on a range of macroinvertebrates, and 
changes in macroinvertebrate community health may impact the Green and Golden Bell Frog 
population. 

Taxa richness at the sites in Muddy Lake (SW016 and SW017) show high variability between 
sampling events, with taxa richness at SW017 ranging from a high of 20 taxa collected in spring 
2013 to a low of six taxa collected in winter 2016. Taxa richness at the discharge site LDP001 
has been fairly stable, which contrasts with taxa richness seen at the second impact site 
CCSR1 downstream near the top of Muddy Lake, at which some samples were seen with 
comparatively high taxa richness, but a large range in seasonal variability was evident between 
sampling events (GHD 2017). 

EPT richness has consistently been highest at the impact site CCSR1, ranging between three 
and five EPT taxa collected across all sampling events, and is also generally high at the impact 
site LDP001. EPT richness is lowest at the recovery sites SW016 and SW017.  
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Similarly, SIGNAL-2 scores are generally highest at the reference sites upstream of the 
discharges, and have remained relatively consistent over time. Average SIGNAL-2 scores are 
generally lowest at site SW017 in Muddy Lake, with scores demonstrating a downward trend 
over time at this location (GHD 2017). While the macroinvertebrate community of Muddy Lake is 
in poor condition (currently and historically), given the positive results at CCSR1, the impairment 
of the community at the Muddy Lake sites is considered to be due to site-scale differences in 
habitat and water quality (GHD 2018).   
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Table 4-10 Results of in situ water physico-chemical analysis, spring 2017 (GHD 2017) 

Site Code Site Type Date Time 
(24 hr) 

Temp 
(°C) 

EC 
(µS/cm) 

pH 
(pH units) 

DO 
(mg/L) 

DO 
(% sat) 

Turbidity 
(NTU) 

ANZECC (2000) N/A 2200 6.5-8.5 N/A 85-110 50 
SW014 

Reference 
09/10/2017 10:20 15.8 1376 6.32 0.20 2.0 12.9 

WMP27 09/10/2017 09:00 15.3 166 7.69 0.77 7.7 46.6 
WMP18 09/10/2017 14:00 22.4 423 7.05 6.53 75.4 12.0 
SSGVs (GHD 2016) N/A 3250 6.5-8.5 N/A N/A 50 
LDP001 

Impact 
09/10/2017 11:50 20.9 3808 8.85 7.48 84.7 35.8 

CCSR1 06/10/2017 12:30 18.3 4393 8.023 7.313 78.9 0.1 
SW016  Recovery 11/10/2017 10:00 20.3 5769 8.58 4.46 50.2 5.5 
SW017 11/10/2017 08:30 20.4 5112 8.65 3.21 36.2 15.9 

Notes:  
1. Results highlighted in orange bold are outside the SSGVs (GHD 2016) for sites LDP001, CCSR1, SP12, SW016 and SW017 or outside the ANZECC (2000) default 
freshwater trigger values for the protection of 95 percent aquatic species for sites SW014, WMP18 and WMP27. 

2. N/A = No guideline value applies. 

3. In situ physico-chemical analysis was repeated at CCSR1 on 9 October 2017 and found elevated dissolved oxygen concentrations (10.56 mg/L) and dissolved oxygen 
saturation levels (124.1%) compared to the dissolved oxygen results observed on 6 October 2017. 
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Table 4-11 Results of in-situ water physicochemical analysis, autumn 2018 (GHD 2018). 

Site Code Site Type Date Time 
(24 hr) 

Temp 
(°C) 

EC 
(µS/cm) 

pH 
(pH units) 

DO 
(mg/L) 

DO 
(% sat) 

Turbidity 
(NTU) 

ANZECC (2000) N/A 2200 6.5-8.5 N/A 85-110 50 
SW014 Reference 02/05/2018 13:15 14.9 1191 7.80 3.17 31.1 6.0 
WMP18 01/05/2018 14:30 16.4 346.1 9.12 3.11 31.8 14.1 
SSGVs (GHD 2016) N/A 3250 6.5-8.5 N/A N/A 50 
LDP001 

Impact 
01/05/2018 12:05 19.9 3853 8.24 7.16 78.9 20.3 

CCSR1 03/05/2018 09:15 15.1 4088 8.53 7.17 72.8 1.2 
SW016  Recovery 03/05/2018 11:20 16.9 3845 9.10 10.08 105.4 4.2 
SW017 03/05/2018 13:55 20.0 4720 9.24 6.65 74.3 4.1 

1. Results highlighted in orange bold are outside the SSGVs (GHD 2016) for sites LDP001, CCSR1, SP12, SW016 and SW017 or outside the ANZECC (2000) default 
freshwater trigger values for the protection of 95 percent aquatic species for sites SW014, WMP18 and WMP27. 

2. N/A = No guideline value applies. 
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4.2.2 Water quality – Bell Frog monitoring sites 

The results of the in situ water quality sampling are shown in Table 4-12. Salinity of estuaries 
usually increases away from a freshwater source, although evaporation sometimes causes the 
salinity at the head of the estuary to exceed seawater. On average, seawater has a salinity of 
approximately 3.5%, or 35 ppt. High salinity levels were unsurprisingly recorded near the 
saltwater intake from Lake Eraring. Lower EC levels were recorded away from the inlet. As can 
be seen, salinity was often recorded to be above the SSTV for the site, and above the levels 
that are known to impact tadpole development. 

pH levels varied within and across sites, similar to EC values. Generally, pH levels were within 
the band that Green and Golden Bell Frogs are known to withstand. 

Salinity can affect other variables, as can water temperature. High water temperatures were 
recorded at various locations, likely due in part to the shallow depth, as well as high daytime 
temperatures. Rainfall may also alter pH and salinity readings, and high temperatures may 
reduce levels of dissolved oxygen. When comparing the results to the ANZECC (2000) default 
trigger values, it is evident that the water quality within the study area sometimes exceeds these 
values for upper pH and salinity (EC). Dissolved Oxygen (DO) was also below the lower 
ANZECC (2000) guideline value for some samples. Note however that DO concentrations 
naturally vary over a twenty-four hour period due to tidal exchange, photosynthesis and respiration.  

During sampling, the waterbody within the study area was generally clear, although stained dark 
brown, presumably due to the leaching of tannins and runoff from adjacent vegetation. The 
odour of the water also indicated a high rate of decomposition of leaf litter and benthic detritus.  

Overall, the waterbody within the study area may be described as brackish, alkaline and under 
tidal influence (i.e. estuarine). 

Table 4-12 In situ water quality results during GGBF monitoring events 

Date 
sampled 

Site Temp pH ORP EC DO 
°C pH units mv µS/cm ppt % ppm 

January 2017 
17/01/17 SW17 

(WRE1) 
28.2 9.46 131.8 6202 3.2 21.6 1.47 

WRW2 29.2 9.79 32.9 6618 3.3 63.9 4.6 
20/04/17 SW16 

(BNG3) 
- 8.73 - 2950 - - - 

SW17 
(WRE1) 

- 8.23 - 2350 - - - 

November 2017 

7/11/18 BNG3 25.2 6.52 117 3510 <2  8.65 
8/11/18 WRE2 24.8 7.43 203 4010 2.1  5.75 
January 2018 

23/01/18 BNG3 30 8.64 -219 7458 3.7  6.71 
24/01/18 CBR1 26.8 7.9 -252 6860 3.6  0.36 

25/01/18 
Saltwater 
inlet 28.9 7.89 -102.7 62227 38.5  3.25 

25/01/18 near inlet 24.2 7.8 -298 24750 15.1  0.46 
25/01/18 WRE2 31.1 9.04 -168.2 7980 >4  9.02 
25/01/18 WRW2 23.5 7.51 -334.2 5716 3.2  0.26 
March 2018 
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Date 
sampled 

Site Temp pH ORP EC DO 
°C pH units mv µS/cm ppt % ppm 

20/03/18 CBR1 23.7 6.8 -353 6350 3.6  7.32 
20/03/18 BSG1 25.6 7.74 -356 4552 2.52  6.98 
22/03/18 CBR1 20.7 7.16  5657 3.05  6.45 

22/03/18 BSG1 19.8 8.39 -157.5 4267 2.28  6.55 

Note: Different water quality meters were used during different survey sessions, resulting in 
different parameters being recorded during some sessions. Also, regarding EC, ppt can only be 
calculated from µS/cm if temperature is known at the time of sampling. 

4.3 Green and Golden Bell Frog habitat  

4.3.1 Extent of the population  

Muddy Lake 

Baseline surveys conducted over 2017 and 2018 have identified Green and Golden Bell Frogs 
throughout much of Muddy Lake (Figure 5-1). Initial surveys in January and February 2017 
identified individuals on either side of Wangi Road, and on the western shore of the lake. 
Additional sites were identified in November 2017 (southern side of the lake) and January 2018 
(north-eastern side of the lake west of the rail line, and eastern side of the lake near the inlet 
from Lake Eraring). No Green and Golden Bell Frogs have been recorded in the eucalypt and 
paperbark forests at the northern end of the lake in surveys to date.  

Other wetlands 

No Green and Golden Bell Frogs have been recorded at any other wetlands surveyed for this 
project (including Site 2), despite the presence of broadly suitable habitat. It is unlikely that the 
species occur at any of these wetlands based on a lack of historical records and lack of 
evidence of the species during the targeted surveys.  

4.3.2 Microhabitats 

Green and Golden Bell Frog individuals were recorded in a variety of microhabitats at Muddy 
Lake. The vegetation within the study area is a mosaic of different vegetation types, which have 
many of the features typical of preferred Green and Golden Bell Frog habitat, including dense 
terrestrial vegetation (Swamp Oak Forest) adjacent to the water body and dense emergent 
aquatic vegetation (Typha orientalis, Eleocharis sphacelata and Schoenoplectus validus).  

Green and Golden Bell Frogs were found in each vegetation type in a range of microhabitats, 
including the following: 

 On the ground in Mangrove and Swamp Oak vegetation 

 Clinging to the upper branches of Mangroves and Swamp Oaks (1-4 meters above the 
ground) 

 Within dense emergent vegetation such as Phragmites australis (Common Reed), Typha 
orientalis (Typha), Gahnia clarkei (Tall Saw-sedge) and Baumea juncea (Rush) 

 Upon floating mats of aquatic vegetation (i.e. Bacopa monnieri) 

 Sheltering under groundcover. 

As noted above, no individuals were recorded at the northern end of the lake in the eucalypt 
and paperbark forests. Canopy vegetation tended to be very dense in these locations which 
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may not be suitable for the species due to high levels of shading. Water at this location is less 
saline than the brackish Muddy Lake, which may also impact distribution of the species.  

The substrates within the study area mainly consisted of sand and silt, including deep detrital 
layers in some areas. This feature may be important for tadpole survival given that a large range 
of predatory species, including birds and fish species were identified within the study area (see 
Section 4.3.4). Frogs often swam down into the silty water on release. 

4.3.3 Chytrid 

No Green and Golden Bell Frogs individuals observed during the baseline surveys exhibited 
symptoms of Chytrid infection. High salinity levels within the study area may be reducing 
infection loads of the pathogen, which has significantly contributed to the decline of the species 
in NSW. It is possible the salinity of Muddy Lake combined with the ongoing discharges 
(providing permanent habitat) has contributed to the survival of the population at Muddy Lake 
when many surrounding populations have become extinct. 

4.3.4 Predatory and competitive fauna 

Opportunistic fauna surveys revealed a large diversity of wetland bird species within the study 
area, as well as two reptile species, two mammal species, five frog species and two fish species 
(Table 4-13). The White-faced Heron and Eastern Great Egret are likely to feed opportunistically 
on adult Green and Golden Bell Frogs and tadpoles. The Red-bellied Black Snake, Black Rat 
and Water Rat are also likely to prey upon the Green and Golden Bell Frog. Large densities of 
Mosquito Fish (Gambusia holbrooki) and Mullet (Trachystoina petardi) were observed. Mosquito 
Fish are likely to feed on eggs and tadpoles of the Green and Golden Bell Frog, and predation 
by the Mosquito Fish on frogs is listed as a key threatening process.  

Five frog species were recorded around Muddy Lake. With the exception of the Green and 
Golden Bell Frog, these species are relatively common and have widespread distributions in 
eastern Australia. The Striped Marsh Frog (Limnodynastes peronii) was recorded on the ground 
in Mangrove and Swamp Oak forests, as well as in adjacent farmland and playing fields. A large 
population of the Laughing Tree Frog (Litoria tyleri) was heard calling in eucalypt forest to the 
north of Muddy Lake. The Eastern Dwarf Tree Frog (Litoria fallax) was observed in small Typha 
wetlands on the edges of Muddy Lake. 
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Table 4-13 Fauna species observed at Muddy lake 

Family Scientific Name Common Name 
Mammals 
Muridae Rattus rattus Black Rat 
 Hydromys chrysogaster Water Rat 
Birds 
Accipitridae Haliastur sphenurus Whistling Kite 
Anatidae Anas castanea Chestnut Teal 
 Anas superciliosa Pacific Black Duck 
 Chenonetta jubata Australian Wood Duck 
 Cygnus atratus Black Swan 
Ardeidae Ardea alba modesta Eastern Great Egret 
 

Ardea ibis Cattle Egret 
 Egretta novaehollandiae White-faced Heron 
Phalacrocoracidae Microcarbo melanoleucos Little Pied Cormorant 
 Phalacrocorax sulcirostris Little Black Cormorant 
Rallidae Porphyrio melanotus Australasian Swamphen 
Threskiornithidae Threskiornis molucca Australian White Ibis 
Reptiles 
Elapidae Pseudechis porphyriacus Red-bellied Black-snake 
Agamidae Intellagama lesueurii Australian Water Dragon 
Frogs 
Hylidae Litoria aurea Green and Golden Bell Frog 
 Litoria fallax Eastern Dwarf Tree Frog 
 Litoria tyleri Laughing Tree Frog 
Myobatrachidae Crinia signifera Common Eastern Froglet 
 Limnodynastes peronii Striped Marsh Frog 
Fish 
Poeciliidae Gambusia holbrooki Mosquito Fish 
Mugilidae Trachystoina petardi Australian Mullet 
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5. Population characteristics 
5.1 Green and Golden Bell Frog captures  

5.1.1 January/February 2017 

Green and Golden Bell Frogs were identified in the same location where individuals were first 
heard calling in October 2015, adjacent to the Wangi Road Bridge over Muddy Lake (RPS 
2015). Additionally, several individuals were found in habitat approximately 200 meters to the 
north and 800 meters to the north-west of the Wangi Road Bridge (Figure 5-1). 

A summary of the characteristics of the Green and Golden Bell Frog individuals captured during 
the survey are presented in Table 5-1. Fourteen individuals were captured, including seven 
adult females, three adult males, and four juveniles for which sex could not be determined. It is 
likely that the majority of the juvenile individuals captured during the survey metamorphosed late 
in 2016. The presence of juveniles indicates that breeding has occurred in spring or early 
summer. 

All individuals with the exception of one juvenile were large enough to PIT tag using the mark 
recapture method described previously. No individuals exhibited obvious symptoms of chytrid 
infection, although no testing for Chytrid was conducted. 

Some individuals were heard calling during these surveys, which assisted with capture. As 
noted in section 2.5, the presence of calling males indicates a likely breeding site. 

Table 5-1 Green and Golden Bell Frog captures January/February 2017 

Microchip Site Physical Attributes 
 Adult/Juvenile Sex Snout to Vent 

Length (mm) 
Weight 
(g) 

Chitrid 
symptoms 
observed  

18 January 2017 
00078AE306 WRE1 Adult Female 40 3 No 
00078AE421 WRE1 Adult Female 70 29 No 
00078AE350 WRE1 Juvenile Unknown 35 7 No 
00078AE038 WRW2 Juvenile Unknown 48 4 No 
19 January 2017 
00078AE327 WRW2 Adult Female 41 4 No 
00078AE4D6 WRW2 Adult Female 32 2.8 No 
00078AE508 WRW2 Juvenile Unknown 34 2.5 No 
Not tagged WRW2 Juvenile Unknown 30 2.5 No 

8 February 2017 
00078AE341 BNG3 Adult Male 48 9.3 No 
00078AE501 BNG3 Adult Female 45 7.9 No 
00078AE4CB BNG3 Adult Male 57 15.3 No 
00078AE456 BNG3 Juvenile Unknown  37 5.3 No 
00078AE289 BNG3 Adult Male 55 13.9 No 
00078ADF87 BNG3 Adult Female 39 8 No 

   Mean 43.6 8.2  
24 February 2017 

 Newstan None observed 

More detailed information is presented in Appendix C. 
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5.1.2 November 2017 

Targeted searches were conducted at the same sites as the previous year, with the addition of 
sites on the south-eastern side of the lake (ECT2, DSOV; Figure 3-2).  

A total of 23 individuals were captured and microchipped, comprising seventeen males and six 
females (Figure 5-1). One frog that had been captured and microchipped during January 2017 
was recaptured (adult female at site WRE1). A number of the males were calling, making 
capture easier, and also indicating a potential breeding site. However, a number of frogs 
observed escaped capture (see Table 5-2). Few juveniles were captured during this survey 
period. It is likely that metamorphosis to juvenile frogs had only recently commenced. 

No individuals were recorded during targeted searches near the saltwater inlet or near the 
Douglas Street Oval. Conditions were cooler on the night this section of the study area was 
surveyed, and it is possible that weather conditions affected detectability. Few frogs were 
captured the evening prior, which was also cool, although these individuals had been calling. 

Frogs were observed in new locations during canoe surveys (Table 5-3).  

 

Table 5-2 Green and Golden Bell Frog captures (November 2017) 

Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent 
Length 
(mm) 

Weight 
(g) 

Chitrid 
observed 
(Y/N) 

6 November 2017 
WRE1 00078AE421 Adult Female  70 37* No 
WRE1 00078AE4EF Adult Female  73 18 No 
WRE1 00078AE3A6 Adult Male Yes 56 14 No 
WRE1 00087ADB0 Adult Male Yes 63 17 No 
WRE1 00078AE41E Adult Male Yes 60 20 No 
WRE1 00078AE330 Adult Female  68 27 No 
WRE1 00078AE437 Adult Male  65 16 No 
WRE1 00078AE5BD Adult Male  75 14 No 
WRE1 Miss       
WRW1 00078AE1D9 Adult Female  67 16 No 
WRW1 Miss       
WRW1 Miss       
WRW1 Miss       

7 November 2017 
BNG3 00078ADB7E Adult Female  75 19 No 
BNG3 00078AE2D4 Adult Male  60 11 No 
BNG3 00078AE51E Adult Female  57 11 No 
BNG3 00078AE2A2 Adult Male  55 10 No 
BNG3 00078AE3D1 Adult Male  58 13.5 No 
BNG3 00078AE316 Adult Male  55 8 No 
BNG3 00078AE221 Adult Male  55 10 No 
BNG3 00078AE23E Adult Male  58 13 No 
BNG3 00078AE1C2 Juvenile   42 5 No 
BNG3 00078AE2DC Adult Male  55 13 No 
BNG3 00078AE345 Adult Male  50 10.5 No 
BNG3 Miss       
BNG3 Miss       
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Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent 
Length 
(mm) 

Weight 
(g) 

Chitrid 
observed 
(Y/N) 

BNG3 Miss       
8 November 2017 

WRW2 00078AE502 Adult Male Yes 58 11 No 
WRW2 00078AE30D Adult Male Yes 61 11 No 
WRW2 00078AE33B Adult Male Yes 61 11 No 
WRW2 00078AE5B2 Adult Male Yes 65 13 No 

9 November 2017 
ECT2 None No captures 
DSOV None No captures 

    Mean 61 13.6   

Key: Bold – recapture from previous summer 

       * weight included bag 

 

Table 5-3 Canoe survey locations and results 

Canoe survey Location GGBF sightings 

7 November 2017 Across the lake from BNG3 and south 10 

8 November 2017 West of rail bridge (CBR1) 3 

5.1.3 January 2018 

Surveys in January 2018 focussed on the Wangi Road bridge sites and sites identified in the 
November 2018 canoe surveys. On the third night, one team conducted habitat assessments at 
nearby wetlands, and then conducted targeted surveys near the Douglas Street Oval, at the 
eastern end of the lake. Temperatures were very hot on the first two days, with cooler conditions 
on the third day.  

At both WREN and CBR1, many frogs were observed within large Gahnia clumps. This made 
capture difficult as the sharp nature of the plant hampered collection, making some areas 
inaccessible and in some instances ripping the plastic holding bags, resulting in some frogs 
escaping at the capture location. Capture of frogs at RCN1 was also made difficult as a number 
of frogs were located high in trees, and surveyors were in relatively deep water in waders. 

A total of 25 individuals were captured (Table 5-4) of which one was a recapture from the 
November 2017 survey, and the remainder were new individuals which were microchipped. A 
mix of males and females, adults and juveniles were captured. Three of the females captured 
were gravid, potentially indicating that breeding is occurring at Muddy Lake itself or in nearby 
ephemeral waterbodies on the edge of the lake. 

Few individuals were heard calling during these surveys. 

Table 5-4 Green and Golden Bell Frog captures (January 2018) 

Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

22 January 2018 
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Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

WREN 00078AE016 Adult Male No 64 14.3 No 
WREN Miss       
WREN Miss       
WREN Miss       
WRES  None recorded 

23 January 2018 
BSG1 Observed  Daytime observation 
BSG1 00078AE51E Adult Male No 60 13 No 
BSG1 00078AD3D4 Adult Female  55 14 No 

BSG1 00078AD2E5 
Adult Female 

(gravid)  64 17 
No 

BSG1 00078AD521 Adult Male No 50 14 No 
BSG1 Not tagged Juvenile   28 3 No 
BSG1 Not tagged Juvenile   25 2 No 
BSG1 Not tagged Juvenile   30 3.5 No 
BSG1 Not tagged Juvenile   30 4 No 
BSG1 Miss       
BSG1 Miss       
RCN1 00078AD550 Adult Female  69  No 
RCN1 00078AD500 Adult Female  67  No 
RCN1 00078AD5D6 Adult Female  63  No 
RCN1 Miss       
RCN1 Miss       
RCN1 Miss       

24 January 2018 
CBR1 00078AD403 Adult F (gravid)  70 28 No 
CBR1 00078AD5D7 Adult Male No 55 13 No 
CBR1 00078AD363 Adult Female  68 19 No 
CBR1 00078AD326 Adult Female  63 14.5 No 
CBR1 00078AD3B2 Adult Female  50 11.5 No 
CBR1 00078AD465 Adult F (gravid)  65 25 No 
CBR1 00079238E5 Juvenile   35 7 No 
CBR1 00078AD528 Adult Female  57 9.5 No 
CBR1 00078AD60E Adult Male No 65 13 No 
CBR1 00078AD33D Juvenile   54 13 No 
CBR1 00078AE228 Adult Male No 57 14 No 
CBR1 00078AD32E Adult Male No 47 13 No 
CBR1 00078AD4D6 Juvenile Male No 50 5.5 No 
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
CBR1 Miss       
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Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

DSOV Not tagged Juvenile      
    Mean 53.2 12.2   

Key – bold – recapture  

 

5.1.4 March 2018 

Given the success of the previous surveys at identifying the extent of the population around 
Muddy Lake, and also the recapture of some previously marked individuals, the March 2018 
surveys were designed to trial the mark-recapture program over consecutive nights at two sites 
only (Figure 5-1. The survey was conducted over three nights (Monday, Tuesday, and 
Thursday) due to dangerous weather conditions on the Wednesday night. No individuals were 
heard calling during this survey period. 

Table 5-5 Green and Golden Bell Frog captures (March 2018) 

Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent 
Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

March 19 
CBR1 0028AD528 Adult Female  54 6.5 No 
CBR1 00078AD4D6 Adult Female  47 2.8 No 
CBR1 00078AD3B2 Adult Female  52 5.5 No 
CBR1 00078AD60E Adult Male N 64 18 No 
CBR1 00078AD403 Adult F (gravid)  75 30 No 
CBR1 00078AD55D Adult F  50 4.4 No 
CBR1 00078AD436 Adult F (gravid)  61 21 No 
CBR1 00078AD2B7 Adult Female  59 17.5 No 
CBR1 00078AD3EF Adult M N 55 7.4 No 
CBR1 00078AD365 Adult M N 55 9 No 
CBR1 00078AD4DB Adult Female  61 10.1 No 
CBR1 00078AD48B Juvenile Female?  37 4.4 No 

CBR1 00078AD552 Adult 
M (faded 

pads) N 57 8.5 
No 

CBR1 00078AD581 Juvenile Female?  51 7 No 
CBR1 00078AD568 Adult Male N 48 8 No 

CBR1 00078AD5AF 
Adult M (faded 

pads) N 55 12 
No 

CBR1 00078AD632 Adult Female  59 11.5 No 
CBR1 0007924495 Juvenile ?  43 6.5 No 
CBR1 00078AD26C Adult Male N 58 11 No 
BSG1 00078AD366 Adult Female  55 25 No 
BSG1 00078AE292 Adult Female  57 12 No 
BSG1 00078AE5AB Adult Female  60 13.9 No 
BSG1 00078AE305 Adult ?  55 16 No 
BSG1 00078AD5D5 Adult ?  50 18 No 
BSG1 00078AE512 Adult ?  55 11 No 
BSG1 00078AD59C Adult ?  50 22 No 
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Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent 
Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

March 20 
CBR1 00078AD326 Adult ?  71 17 No 

CBR1 00078AD3EF 
Adult As 

previous    
No 

CBR1 00078AD568 
 As 

previous    
No 

CBR1 00078AD554  Male N 55 18.9 No 
CBR1 00078AD2FD  Female?  53 7.2 No 
CBR1 00078AD585 Juvenile ?  35 3.5 No 
CBR1 00078AD4F6 Adult Female?  53 14.2 No 
CBR1 00078AD34E Adult Female  69 26 No 
CBR1 00078AD26D Adult Female  61 11.9 No 

CBR1 00078AD48B 
Adult As 

previous    
No 

CBR1 00078AD581 
Adult As 

previous    
No 

       No 
BSG1 00078AE215 Adult Female  52 12 No 
BSG1 00078AE313 Adult Female  67 22 No 
BSG1 00078AD3FA Adult Female  60 13 No 
BSG1 

00078AD60F 
Adult M (faded 

pad) N 60 16.9 
No 

BSG1 00078AD414 Juvenile Juv   42 4 No 
BSG1 000792435F Adult Male N 57 13 No 
BSG1 00078AD460 Juvenile Juv   40 6.9 No 
BSG1 00078AE4F3 Adult Male N 55 12.7 No 
BSG1 

00078ADB1D 
Adult M (faded 

pad)  50 11 
No 

BSG1 00078AD258 Adult Female  60 14.5 No 
BSG1 00078AE46D Adult Female  50 11.4 No 
March 22 

CBR1 00078AD326 
 As 

previous    
No 

CBR1 00078AD585 
 As 

previous    
No 

CBR1 00078AD4F6 
 As 

previous    
No 

CBR1 00078AD2FD 
 As 

previous    
No 

CBR1 00078AD568 
 As 

previous    
No 

CBR1 00078AD3B2 
 As 

previous    
No 

CBR1 00078AD48B 
 As 

previous    
No 

CBR1 00078AD4D6 
 As 

previous    
No 

CBR1 956000010218717 Adult Female  53 8.7 No 
CBR1 956000010219840 Adult Female  51 3.5 No 
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Site Microchip Physical Attributes 
Age Sex Calling Snout to 

Vent 
Length 
(mm) 

Weight 
(g) 

Chytrid 
observed 
(Y/N) 

CBR1 not previously capt 
 No data 

collected    
No 

BSG1 00078AE305 
 As 

previous    
No 

BSG1 00078AD5D5 
 As 

previous    
No 

BSG1 956000010221961 Adult Male N 60 17 No 
BSG1 956000010219105 Adult Female  60 16.8 No 
BSG1 956000010219369 Adult Male No 59 15.8 No 
BSG1 956000010220506 Adult Male No 68 20 No 
BSG1 956000010229699 Adult Male No 57 13.7 No 
BSG1 956000010220303 Adult ? No 58 19 No 

    Mean 55.4 12.9  

Key – bold – recapture from an earlier session 

5.2 Population  

5.2.1 General information 

Based on the results of the baseline surveys, Green and Golden Bell Frogs occur throughout 
the brackish portions of Muddy Lake. The distribution of the species appears to be 
heterogeneous within the area, with higher numbers recorded in some areas, and lower 
numbers in others. Larger numbers appear to occur in the central and western portions of the 
lake, where larger areas of Juncus and Swamp Oak occur. Lower numbers appear to occur east 
of Wangi Road, potentially due to higher salinity, or less preferred habitat. 

In some locations high numbers of individuals were recorded within one microhabitat. For 
example, over 15 frogs were recorded on one large Gahnia clump at CBR1, with isolated 
individuals recorded elsewhere in the survey site in other habitat types. Conversely, at BSG1, a 
single individual was recorded on a small clump of Juncus about 20 metres out in the lake from 
the main survey area.  

In general, Green and Golden Bell Frogs were recorded at all locations within the main part of 
the lake where targeted searches were conducted. No individuals have yet been recorded in the 
northern portion of the lake in the freshwater and eucalypt forest habitats. 
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5.2.2 Population numbers 

In total, 104 Green and Golden Bell Frogs have been microchipped and genetic samples have 
been taken from 95 individuals to date (Table 5-6). 

Table 5-6 Number of frogs sampled  

Survey session Number microchipped Genetic samples 
January/February 2017 14 12 
November 2017 23 21 
January 2018 20 19 
March 2018 47 43 
Total 104 95 

 

A summary of the number of individuals captured at each site is shown in Table 5-7. The 
highest numbers of individuals captured were at BSG1 and CBR1, which were surveyed over 
three nights in March 2018. At most sites a number of frogs were observed but not caught, so 
the number present is likely to be much higher than shown. The number captured generally 
increased over the different survey periods, as surveyors became more experienced.  

Table 5-7 Summary of captures 

Site name Site code Survey dates Number captured/ 
microchipped 

Highest 
number 
caught at a 
site 

Wangi Road 
bridge East (north) 

WRE1 January 2017 
November 2017 
January 2018 

3 
8 
1 

8 

Wangi Road 
bridge East (south) 

WRE2 November 2017 
January 2018 

4 
0 

4 

Wangi Road 
bridge West 
(north) 

WRW1 January 2017 
November 2017 
 

0 
1 

1 

Wangi Road 
bridge West 
(south) 

WRW2 January 2017 
January 2018 

2 
0 

2 

Gradwells Road 
North (gate 3 site) 

BNG3 January 2017 
November 2017 

3 
11  

11 

Gradwells Road 
South (gate 1 site) 

BSG1 January 2018 
March 2018 

4 
25 

25 

Gradwells Road 
North (canoe) 

BNCN November 2017 10 (obs) 10 

Simpson Road 
Track 1 

SRT1 November 2017 0 0 

Simpson Road 
Track 2 

SRT2 November 2017 0 0 

Eraring Canal 
access track 1 

ECT1 November 2017 
January 2018 

0 
1 

1 

Eraring Canal 
access track 2 

ECT2 January 2018 0 0 

Douglas Streel 
Oval 

DSOV November 2017 
January 2017 

0 
0 

0 

Rail corridor 
(north) 

RCN1 January 2018 3 3 
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Site name Site code Survey dates Number captured/ 
microchipped 

Highest 
number 
caught at a 
site 

Coorumbung Road CBR1 November 2017 
January 2018 
March 2018 

3 (canoe) 
14 
28 

28 

 

The Muddy Lake population is likely to be large, with many individuals recorded at various 
locations. This population is likely to be a ‘key population’ as appears to show significant 
measures of viability as per DEC (2005): 

 Green and Golden Bell Frogs regularly sighted at a locality (there have been regular 
sightings since the original RPS record in 2015) 

 10 or more adult individuals having been detected on more than one occasion over the last 
5 years (many more than 10 individuals have been recorded during most survey sessions) 

 breeding events having been observed over the last 10 years (gravid females and juvenile 
frogs have been observed), and/or  

 have a regional distribution considered essential or vital to the state-wide conservation of 
the species (there are no other nearby records of the species – nearest extant populations 
are Kooragang Island/Hexham Swamp about 30km to the north and Avoca 
Lagoon/Davistown about 50km to the south). 

A number of issues impact the collection of population data. Survey and capture of individuals is 
affected by a variety of factors, including: 

 Access, both at sites (eg fallen trees, dense ), and to sites (private property, rail corridor 
etc) 

 Experience of the surveyor (capture rates tended to increase as staff became more familiar 
with the methodology and the site) 

 Distribution – frogs are not evenly distributed through the lake 

 Microhabitat – some plants make catching frogs difficult due to sharpness (eg Gahnia) or 
height (trees). 

 Weather – cooler temperatures did appear to impact detectability.  

The development of the monitoring program must take into account these and other variables. 
This is discussed further in section 6. 

5.2.3 Population estimation 

Most of the baseline surveys were not conducted in a manner that allowed robust calculation of 
the population, as these surveys were focussed on initially assessing the extent of habitat and 
distribution of individuals. A preliminary population estimation using capture/mark/recapture was 
conducted in the March 2018 surveys, where two sites were surveyed over three nights 
(Appendix C). Captures and recaptures are shown in Table 5-8. Based on the results of 
population estimates at two sites, the total population at Muddy Lake is likely to be well over 500 
individuals, given the size of the lake, number of locations where the species has been 
recorded, and variety of microhabitats present. 
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Table 5-8 Population estimates using the Schnabel index 

Site/date Ci Ri New 
marked 

Mi Population 
estimate 

BSG1      
19 March 2018 7 0 7 0  
20 March 2018 13 2 11 20  
22 March 2018 9 2 7 27  
Totals 29 4 25 47 126 
CBR1      
19 March 2018 19 0 19 0  
20 March 2018 11 4 7 26  
22 March 2018 12 2 10 28  
Totals 42 6 36 54 104 

Key: Ci = the number caught at time i, Ri = the number of marked animals caught at time i, Mi = 
the total number of previously marked animals at time i 

Given that only three nights of mark-recapture were undertaken, confidence levels will be very 
broad. Further nights of mark—recapture are recommended to get a more accurate estimate of 
the total population. 

5.3 Identification of a control population  

A local control population has not yet been identified in the Dora Creek or Morisset area. Further 
survey of likely locations is recommended at nearby wetlands if access is arranged, such as the 
wetland near Kalang Road, Dora Creek. This wetland appeared to be mostly dry when 
inspected from the road in January and March 2018, and may not provide suitable habitat for 
the species. Similarly, Toronto Wetland was also dry over January 2018 (see photo below) and 
may not provide suitable habitat. In addition, it is believed that the population previously known 
to occur at Toronto Wetland is extinct as there have been a number of surveys conducted in 
recent years by researcher from Newcastle University with no evidence of the species (Prof. 
Mahony person. comm.). Furthermore, this wetland is located a long way from Muddy Lake and 
has a very different ecology. 
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Toronto Wetland in January 2018 
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6. Ongoing monitoring 
6.1 Introduction 

Prompt detection of declines in abundance or distribution of populations is critical when 
managing threatened species that have high population turnover. Population monitoring 
programs provide the tools necessary to identify and detect decreases in abundance that will 
threaten the persistence of key populations and should occur in an adaptive management 
framework which designs monitoring to maximize detection and minimize effort (Bower et al 
2014). 

Frog populations vary widely throughout time and space as they are influenced by a multitude of 
environmental variables. Monitoring of frog populations has various issues of scale 
(Cogalniceanu and Miaud 2009): 

 Problems in ecology often exist within long timeframes and over large areas 

 Most data can be gathered directly for short periods of time and over small areas 

 Patterns measured at small scales do not necessarily hold true at larger scales. Processes 
observed at small scales do not necessarily exist at larger scales. 

The baseline studies the Green and Golden Bell Frog at Muddy Lake conducted over 2017 and 
2018 have identified that the species is widely distributed around the lake, and appears to occur 
in most brackish portions of the lake. Monitoring of the species is made difficult by a number of 
factors: 

 The size of the waterbody and associated habitat area for the species 

 The habitat is relatively continuous in a very large area (ie. there are no discrete ponds that 
are separate ‘populations’) 

 Access constraints (eg private property, rail corridor issues) 

 Varying detectability and collectability of the species in different microhabitats 

 Individuals are often highly aggregated with many in one location and few in another. 

Chemical and physical characteristics of a habitat can affect survival, growth, maturation and 
physical development of frogs (Sparling 2009). In addition, a number of physical and chemical 
variables are likely to impact detectability and abundance of frogs. These include variables such 
as: 

 Weather preceding surveys (months, weeks and days) 

 Weather on the day of the survey 

 Tidal patterns 

 Water volume discharged from the mine 

 Stoppages of water discharge for extended periods of time. 

As discussed in section 4.2.2, water quality parameters vary markedly at Muddy Lake, making 
identification of causes for changes in population abundance and distribution difficult. 

The following methods are proposed for the continuation of the Green and Golden Bell Frog 
Research Program. These will be developed further as part of the Biodiversity Management 
Plan as required by the conditions of approval, and in consultation with Professor Michael 
Mahony. 
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6.2 Mark-recapture survey design 

6.2.1 Area-based surveys 

Area-based surveys using mark-recapture methods will continue to analyse the Green and 
Golden Bell Frog population at Muddy Lake. This method has been used successfully on the 
species at Sydney Olympic Park (Bower et al 2014) and Kooragang Island. 

Small plots selected from within the wider Muddy Lake area will be surveyed to monitor changes 
over time. Monitoring should be conducted at one site in the north, one site in the centre or 
western portions, and one site in the eastern portion. This will also allow analysis of changes 
over an environmental gradient (distance from outlet/increases in salinity). 

All frogs will be marked using PIT-tags as per the mark-recapture methods detailed in section 
3.9 and in accordance with the hygiene protocols.  

Surveys would be conducted by three teams of two over a period of six nights. A survey in 
spring (October/November) and a survey in summer (January/February) should be conducted in 
order to collect data on population demographics and seasonal variation. The number of nights 
required for each site may change if it is found that either less or more are required to 
accurately estimate the population numbers. 

Sampling issues to be aware of include: 

 Including replication but avoiding pseudo-replication 

 Avoiding convenience sampling (eg areas that are particularly accessible or where the 
species is most abundant). 

6.2.2 Site selection 

The baseline surveys have identified a number of sites where the Green and Golden Bell Frog 
occurs. The species is likely to occur elsewhere around Muddy Lake at locations not yet 
surveyed. Survey sites are detailed in Table 6-1, together with their general location in Muddy 
Lake.  

Table 6-1 Survey locations and general location within Muddy Lake 

General 
location 

Site name Site code Access Population 
comments 

Northern 
(closest to 
outlet) 

Simpson Road 
Track 1 

SRT1 Walk-in from 
access road 

No GGBF 
recorded to date 

Simpson Road 
Track 2 

SRT2 Walk-in from 
access road 

No GGBF 
recorded to date 

Rail corridor (north) 
1 

RCN1 Access via rail 
corridor and in 
accordance with 
rail requirements 

GGBF recorded 

Rail corridor (north) 
2 

RCN2 Access via rail 
corridor and in 
accordance with 
rail requirements 

No targeted 
surveys 
conducted to date 

Western 
 

Gradwells Road 
North (gate 3 site) 

BNG3 Private property –
access via 
arrangement with 
owners 

GGBF recorded 

 Gradwells Road 
South (gate 1 site) 

BSG1 Private property –
access via 
arrangement with 
owners 

GGBF recorded 
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General 
location 

Site name Site code Access Population 
comments 

Central Rail corridor 
(Coorumbung 
Road gate) 

RCS1 Access via rail 
corridor and in 
accordance with 
rail requirements 

No targeted 
surveys 
conducted to date 

 Coorumbung Road CBR1 Access via public 
land 

GGBF recorded 

Dora Creek 
Primary School 

DCPS Private property –
access via 
arrangement with 
owners 

No targeted 
surveys 
conducted to date 

Eastern 
(furthest from 
outlet) 
 

Wangi Road bridge 
East (north) 

WREN Walk-in from 
Wangi Road 

GGBF recorded 

Wangi Road bridge 
East (south) 

WRES Walk-in from 
Wangi Road 

GGBF recorded 

Wangi Road bridge 
West (north) 

WRWN Walk-in from 
Wangi Road 

GGBF recorded 

Wangi Road bridge 
West (south) 

WRWS Walk-in from 
Wangi Road 

GGBF recorded 

Eraring Canal 
access track 1 

ECT1 Walk-in from 
Eraring Canal 
access track 

GGBF recorded 

Eraring Canal 
access track 2 

ECT2 Walk-in from 
Eraring Canal 
access track 

No GGBF 
recorded to date 

Douglas Street 
Oval 

DSOV Walk-in from 
Douglas Street 
Oval 

No GGBF 
recorded to date 

 

For the purposes of the study, each site is considered to be a closed population, as it is unlikely 
that over a survey period of about a week recruitment, migration, immigration or death of 
individuals would occur.  

6.2.3 Minimising variation 

In order to minimise variation, surveys will be standardized as far as is practical. The following 
will be done to minimise variation: 

 Surveys will be conducted in defined plots (sites as identified above) 

 Surveys will be conducted over a set period of time (eg commence surveys at dark, and 
survey the plot for 3 hours before processing frogs and returning them to their capture 
locations) and over a set number of nights (eg six nights). 

 Survey teams should be rotated so that surveyor effects are minimised. 

6.2.4 Data analysis 

Capture-mark-recapture data will be analysed using a computer program such as MARK. 

Covariates to be accounted for in the analysis of the results would include: 

 Weather 

 Water quality parameters (see section 6.3). 

 Season. 

This will enable robust estimates of population size, including error margins.  
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Analysis of population demographics based on data collected during the capture-mark-
recapture should also be undertaken. Data on sex ratios, and age class structure (weights and 
measures) will provide valuable and meaningful information on the population relative to the 
question of impact from discharge. 

Water quality parameters are collected on an ongoing basis by AECOM and biannually by GHD. 
It is proposed that this data be used for the GGBF RP, as it gives a better overall assessment of 
the water quality of the lake compared to data collected during the bell frog surveys. GHD’s 
aquatic ecology team regularly conduct statistical analysis of the water quality results, and this 
would be incorporated into the GGBF RP. 

6.2.5 Adaptive design 

Given that baseline surveys only have been conducted to date, a robust survey design has not 
yet been tested in the field. It is proposed that the methods above will be tested in the 
November 2018 survey period to assess the methods and estimate the population numbers at 
each precinct. Further modification of the survey design is likely to be required in order to best 
monitor the species. 

6.3 Water quality 

Site specific water quality guideline values (SSGVs) are identified in section 3.11.2. As noted in 
section 4.2, salinity levels are regularly above the SSGVs identified by (GHD 2017), and are 
also often above the level that has been shown in other studies to impact tadpole development 
and mortality. Despite this, the Muddy Lake Green and Golden Bell Frog population appears to 
be large and extensive, with evidence of breeding in a number of areas. Salinity may be 
inhibiting the effects of Chytrid fungus in adults, which may be counteracting impacts on tadpole 
development. Alkalinity levels (pH) at Muddy Lake are usually within the range that the species 
tolerates. Trigger values will be assessed further during the development of the GGBF RP. 

Discharges into Muddy Lake have provided a permanent habitat area for the species, which 
may be why the species has remained extant at Muddy Lake but gone extinct elsewhere in the 
Lake Macquarie area. Evidence of lower lake levels was observed in various locations, and 
comprised barbed wire fences and wooden fence posts in areas that are now covered by water 
and have Juncus growing. As such, it appears that the size of Muddy Lake has increased over a 
number of decades, likely as a result of the discharges. 

Increased discharges may improve salinity levels for the species (ie reduce salinity, thereby 
improving tadpole development and survivorship), however alternatively, reduced salinity may 
increase the risk of Chytrid infection. Adaptive monitoring of the population will be required to 
determine trigger values for the discharges. 

6.4 Genetic study 

A genetic study of the Muddy Lake Green and Golden Bell Frog population is recommended by 
the external peer reviewer, Professor Michael Mahony. The loss and fragmentation of habitat 
results in reduced genetic diversity and ultimately reduced genetic viability. Small, fragmented 
populations are susceptible to genetic drift and inbreeding depression. As such, conservation 
genetics has become an important tool for the management of threatened species (Keely et al 
2015).  

Various genetic studies have previously been conducted on bell frog species. A large‐scale 
assessment of genetic structure and diversity was conducted for the Green and Golden Bell 
Frog using four species‐specific microsatellite markers. This study found that levels of allelic 
diversity and heterozygosity were high compared to other amphibian species (Burns et al 2004). 
A study of mitochondrial DNA (mtDNA) and microsatellites of the related Growling Grass Frog 
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(Litoria raniformis), a threatened species in Victoria, identified low genetic diversity in various 
remnant populations, but also found high genetic diversity and several unique haplotypes in one 
population. As such this population was identified as being important for management (Keely et 
al 2015).  

Ninety five genetic samples have been collected over the 2017-2018 survey period. It is 
proposed that these samples will be analysed by a genetics laboratory to assess the baseline 
genetic diversity of the population. Genetic samples will continue to be collected during the 
mark-recapture surveys to enable future assessment of any changes to population genetics, 
such as inbreeding. 

6.5 Occupancy monitoring and identification of breeding sites 

Given the large scale of Muddy Lake, it is proposed that encounter surveys would be conducted 
by canoe in spring, when the species is most likely to be calling and active. This technique was 
used successfully to identify new areas for targeted surveys, and also minimises impacts on 
microhabitats during targeted surveys. Two transects are proposed. One along the western 
shore of the lake, and one along the eastern and central portions of the lake, similar to those 
mapped on Figure 3-2. Regular stops at set distances could be made to measure calling 
intensity. 

Further surveys are also recommended around Muddy Lake to identify potential breeding sites, 
As discussed in section 2.5, Green and Golden Bell Frogs often move to ephemeral 
waterbodies to breed. This may be due to a lack of predators such as the Mosquito Fish, or 
more cover that protects eggs and tadpoles from predation. Surveys should be conducted in 
areas such as small Typha wetlands, locations near where gravid females were recorded, and 
any other areas where smaller waterbodies have been observed around the edges of Muddy 
Lake. 

6.6 Chytrid fungus testing 

It is recommended that some Chytrid fungus testing is conducted in future monitoring. This will 
help ascertain the presence or absence of the fungus, and its distribution around the lake, and 
possible interaction with salinity levels.  

While Chytrid fungus hygiene protocols are in place for the Green and Golden Bell Frog 
surveys, it is imperative that other monitoring surveys (eg water quality) also adhere to the 
hygiene protocols. Regular visitation to the Muddy Lake for monitoring increases the risk of the 
introduction or spread of this disease.  

6.7 Comparison with a control population  

As discussed earlier, there is currently no other identified populations near Muddy Lake. Given 
the apparent lack of another local population (or another wetland with similar size and habitats 
present) it is likely that no suitable control population exists for conducting a 
‘before/after/control/impact’ (BACI) survey design. Rather, further survey effort should focus on 
collecting detailed information on the habitat use and population persistence. 

6.8 Reporting 

6.8.1 Annual report 

An annual report will be prepared at the end of each season, incorporating analysis of the 
spring and summer survey results. This will incorporate statistical analysis of the mark-recapture 
studies in conjunction with seasonal or water quality variables, as well as results of genetic 
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analysis when undertaken. Any changes required resulting from adaptive assessment of the 
methods will be discussed. 

6.8.2 Maintenance of records 

All survey datasheets will be scanned and saved to the project folder. These will be made 
available for auditing as required. 
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7. Conclusion 
Baseline surveys have been conducted at various locations around  Muddy Lake and other 
wetlands on west  Lake Macquarie in accordance with the DEE conditions of approval. These 
surveys have identified a large population of Green and Golden Bell Frogs at Muddy Lake, but 
no other populations in other nearby wetlands. 

The Green and Golden Bell Frog population at Muddy Lake is widespread within the estuarine 
portions of the lake, occupying habitats including mangroves, Swamp Oak forest, and areas of 
emergent vegetation such as Juncus, Phragmites and Typha. At two locations surveyed, the 
mark-recapture surveys estimated the population to be over 100 at each site. As such, the 
population of the lake is likely to be well over 500 adults.  

A range of life-stages were recorded. Both males and females were observed, including gravid 
females and males with dark nuptial pads. A number of small juveniles were recorded at a 
variety of locations around the lake. While no tadpoles have been observed, it is assumed the 
species is breeding around the lake, given the presence of calling males, gravid females and 
juveniles.  

Water quality sampling has identified that Muddy Lake is a saline environment. No evidence of 
Chytrid infection has been observed, and it is known that higher salinity levels can inhibit this 
disease in the species. Electrical conductivity levels in Muddy Lake vary, often with high values 
that in other studies have been shown to impact tadpole development and increase mortality 
rates. pH levels are within the range known to be tolerated by the Green and Golden Bell Frog. 

Discharges into Muddy Lake are likely to be providing permanent breeding habitat for the Green 
and Golden Bell Frog. Most other wetlands surveyed in the area were dry over summer 
2017/2018, and there are no recent records of the species in the wider study area. 

A detailed Green and Golden Bell Frog monitoring program will be developed based on the 
results of these baseline surveys to meet the conditions of approval. Further monitoring will 
continue at Muddy Lake and will include in particular: 

 Ongoing mark-recapture studies to estimate population numbers 

 Genetic sampling and analysis to identify population characteristics 

 Statistical analysis of mark-recapture results and population trends, including analysis of 
water quality results, weather, season and other variables that may affect the species’ 
distribution and abundance at Muddy Lake 

 Further survey to identify if a control population is located near Muddy Lake. 
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Appendix A – EPBC Act Conditions of Approval 
 

 



Australian Government 
Department of the Environment 

Approval 

Northern Coal Logistics Project (2013/6906) 

This decision is made under sections 130(1) and 133 of the Environment Protection and 
Biodiversity Conservation Act 1999. 

Action 

person to whom the Centennial Northern Coal Services Pty Ltd 
approval is granted 

proponent's ACN (if ACN: 125670288 
applicable) 

action To upgrade coal preparation, handling infrastructure, transport and 
water management activities at the existing Northern Coal Services 
Site [See EPBC Act referral 2013/6906]. 

Approval decision 

Controlling Provision Decision 

Listed threatened species and communities (sections 18 & 18A) Approved with 
conditions 

conditions of approval 

This approval is subject to the conditions specified below. 

expiry date of approval 

This approval has effect until 31 December 2055. 

Decision-maker 

name and position Victoria Press 
Acting Assistant Secretary 
Assessments (NSW, ACT) and Fuel Branch 

signature \\~ 
date of decision 



Conditions attached to the approval 

1. The approval holder must limit vegetation clearing to within the boundaries of Site 1 and 
Site 2 and must not clear more than 376 clumps of Black-eyed Susan (Tetratheca 
juncea) within Site 1. 

2. For the life of the approval, the approval holder must ensure that: 

a. The action does not contribute to a decline in the extent or abundance of Black 
eyed Susan clumps within the Site 1 buffer zone 

b. The action does not contribute to a decline in the extent, quality or availability of 
Green and Golden Bell Frog (Utoria aurea) habitat downstream of the action's 
discharge locations 

c. The action does not contribute to a decline in the abundance or extent of the 
Muddy Lake Green and Golden Bell Frog population 

d. The action does not contribute to a decline in the extent or abundance of any 
Green and Golden Bell Frog population identified during the surveys required by 
Condition 3(c). 

3. To enable compliance with Condition 2(b), 2(c) and 2(d), the approval holder must 
develop and implement a Green and Golden Bell Frog Research Program (GGBF RP), 
which: 

a. Identifies and incorporates information contained within guidelines, scientific 
literature, studies and other reports relevant to the design and conduct of the 
GGBF RP 

b. Identifies the habitat, population characteristics and extent of the Muddy Lake 
Green and Golden Bell Frog population 

c. Determines the presence of any other Green and Golden Bell Frog population 
within Site 2 and/or downstream of the action's discharge locations 

d. Identifies the habitat, population characteristics and extent of any population 
identified by Condition 3(c) 

e. Commences monitoring to facilitate compliance with Conditions 3(b), 3(c), 3(d) 
and 5(b )(ii) during the 2016/2017 breeding season. 

f. Identifies the habitat, water quality and hydrological conditions that would 
maintain or improve the viability of the Muddy Lake Green and Golden Bell 
Frog population and any other population identified by Condition 3(c) 

g. Determines water quality and quantity discharge objectives, investigation trigger 
levels, and discharge limits for the action that will maintain or improve the 
habitat, extent and abundance of the Muddy Lake Green and Golden Bell Frog 
population and any other population identified by Condition 3(c) 

h. Details a monitoring program, which includes the use of control sites, to confirm 
compliance with Condition 2 

i. Incorporates independent peer review of the GGBF RP's methodology and final 
report by a suitably qualified herpetologist with at least five years of experience in 
the conduct of research on Green and Golden Bell Frog. The independent peer 
reviewer must be approved in writing by the Minister at least 3 months prior to 
commencement of the GGBF RP. 

4. The approval holder must submit to the Minister, at least 3 months prior to 
commencement of the action, the findings of the GGBF RP in the form of a final report. 
The GGBF RP final report must be published on the approval holder's internet website 
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prior to commencement of the action. The GGBF RP methodology and the comments of 
the independent peer reviewer must be published on the approval holder's webpage 
referred to in Condition 18. 

5. To confirm whether compliance with Condition 2 has been achieved, the approval holder 
must prepare and implement a Biodiversity Monitoring Plan (BMP). The BMP must: 

a. Detail a monitoring program to detect and measure impacts on Black-eyed Susan 
within the Site 1 buffer area. The monitoring program must: 

i. detail the program (including objectives, methods, frequency, control 
sites, and investigation triggers) to be implemented to confirm 
compliance with Condition 2(a} 

ii. identify the pre-commencement extent and abundance of Black-eyed 
Susan clumps 

iii. be designed to detect impacts arising from dust deposition, weed 
invasion, pathogen infection, spills/leaks or stormwater runoff, and 
trampling or other disturbance by the approval holder's employees and 
contractors 

iv. be designed to detect and accurately delineate and measure the action's 
contribution to any impacts on the extent or abundance of Black-eyed 
Susan clumps within the Site 1 buffer area 

v. be planned so that the data gathered is adequate to: inform adaptive 
management and demonstrate whether the outcomes described in 
Condition 2(a} have been met 

vi. be prepared and implemented by a suitably qualified person and be 
consistent with the most recent version of the Environment Protection and 
Biodiversity Conservation Act 1999 referral guidelines for the vulnerable 
black-eyed susan, Tetratheca juncea. 

b. Detail a monitoring program to detect and measure impacts on the Muddy Lake 
Green and Golden Bell Frog population and any other Green and Golden Bell Frog 
population identified during the surveys required by Condition 3(c}. The monitoring 
program must be consistent with the monitoring program recommended in 
Condition 3(h} and: 

i. detail the program (including monitoring locations, parameters, methods, 
and frequency) proposed to confirm compliance with Conditions 2(b}, 2(c} 
and 2(d} 

ii. identify the pre-commencement extent and abundance of Green and 
Golden Bell Frog within Muddy Lake and any other population identified 
by Condition 3(c} 

iii. identify performance objectives, performance indicators and investigation 
triggers 

iv. be designed to detect and accurately delineate and measure the action's 
contribution to any impacts on Green and Golden Bell Frog population/s 
and/or Green and Golden Bell Frog habitat 

v. be planned so that the data gathered is adequate to: inform adaptive 
management and demonstrate whether the outcomes described in 
Conditions 2(b}, 2(c} and 2(d} have been met 

vi. be prepared and implemented by a suitably qualified person and be 
consistent with the most recent version of the Environment Protection and 
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Biodiversity Conservation Act 1999 Significant Impact Guidelines for the 
Vulnerable Green and Golden Bell Frog (Utoria aurea). 

c. Detail BMP implementation timeframes, responsibilities, and reporting 
requirements 

d. Be provided to the Minister prior to commencement of the action. 

6. To prevent the spread of Batrachochytrium dendrobatidis (Chytrid fungus), the approval 
holder must implement frog handling hygiene measures similar to those described in the 
most recent version of the Hygiene Protocol for the Control of Disease in Frogs when 
handling or relocating any amphibian species at any time for the duration of the approval. 

7. To minimise the risk of long-term impacts to protected matters adjacent to and 
downstream of the action the approval holder must comply with New South Wales 
Development Consent Conditions 25 and 27 where they relate to monitoring, 
managing, mitigating, avoiding, offsetting, recording or reporting on impacts to protected 
matters. 

8. To protect Magenta Lilly Pilly (Syzygium paniculatum), Biconvex Paperbark (Melaleuca 
biconvexa), and Green and Golden Bell Frog (Utoria aurea) populations downstream of 
the action's discharge locations, the proponent must comply with New South Wales 
Development Consent Conditions 13,14 and 15 where they relate to monitoring, 
managing, mitigating, avoiding, offsetting, recording or reporting on impacts to these 
species. 

9. The approval holder must advise the Minister in writing of any proposed change to New 
South Wales Development Consent Conditions 13,14,15,25 or 27, within ten (10) 
business days of formally proposing a change or becoming aware of the NSW state 
government proposing a change. 

10. The approval holder must notify the Minister, in writing, of any non-compliance or 
potential non-compliance with New South Wales Development Consent Conditions 13, 
14, 15,25 or 27 within ten (10) business days of becoming aware of the non-compliance 
or potential non-compliance. 

11. If the Minister is not satisfied that the outcomes required under Condition 2 are likely to 
be achieved, or if there is insufficient evidence that the outcomes required under 
Condition 2 are being achieved, the Minister may (in writing) require the approval holder 
to submit a plan for the Minister's approval to reduce, mitigate, remediate or offset 
impacts to matters protected under the controlling provisions of this approval within a 
designated timeframe. The Minister may request that the plan be prepared or reviewed 
by a person designated or agreed to by the Minister. If the Minister approves the plan 
then the approved plan must be implemented. 

12. The approval holder must have an environmental management system that is compliant 
with AS/NZS ISO 14001 :2004. 

13. The approval holder must adaptively manage Black-eyed Susan and Green and Golden 
Bell Frog to achieve the outcomes described in Condition 2. This must include: 

a. Developing and implementing a plan (or plans) to achieve the outcomes outlined 
in Condition 2, in consultation with a suitably qualified person. 

b. A documented process of adaptive management and continual improvement, 
including using data from monitoring and any experimentation trials to inform 
adaptive management 

c. Where there is a reasonable risk (or evidence) that outcomes are not likely to be 
achieved: revising management measures in consultation with a suitably 
qualified person; increasing the level of effort to achieve the outcomes; and 
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informing the Department, either as part of annual compliance reporting required 
under Condition 16 or as a separate notification in writing. 

14. Within 30 days after the commencement of the action, the approval holder must advise 
the Department in writing of the actual date of commencement. 

15. The approval holder must maintain accurate records substantiating all activities 
associated with or relevant to the conditions of approval, including measures taken to 
implement the GGBF RP and the BMP required by this approval and measures 
undertaken to achieve the outcomes specified under Condition 2. Such records must be 
made available upon request to the Department and may be subject to audit by the 
Department or an independent auditor in accordance with section 458 of the EPBC Act, 
or used to verify compliance with the conditions of approval. Summaries of audits will be 
posted on the Department's website. The results of audits may also be publicised through 
the general media. 

16. By 31 March of each year following commencement of the action, the approval holder 
must publish a report on the webpage required by Condition 18 addressing compliance 
with each of the conditions of this approval over the previous 12 months, including 
implementation of the GGBF RP and the BMP as specified in these conditions and 
whether outcomes required by these conditions have been met. Documentary evidence 
providing proof of the date of publication and reporting of any non-compliance with any of 
the conditions of this approval must be provided to the Department at the same time as 
the compliance report is published. 

17. Upon the direction of the Minister, the approval holder must ensure that an independent 
audit of compliance with the conditions of approval is conducted and a report submitted to 
the Minister. The independent auditor must be approved by the Minister prior to the 
commencement of the audit. Audit criteria must be agreed to by the Minister and the 
audit report must address the criteria to the satisfaction of the Minister. 

18. The approval holder must maintain a dedicated webpage on compliance with these 
conditions that is publically available on the approval holder's website for the life of the 
approval. The webpage must include: the assessment documentation; a copy of the 
approval conditions (and any subsequent variations or other changes to the approval); the 
BMP and all monitoring results required under these conditions; compliance reports 
required under Condition 16; any documentation required under Condition 15; the final 
report of the GGBF RP; and any other relevant information as directed by the Minister in 
writing. Any documents required to be published by this condition must be published 
within one month of finalisation and must remain on the webpage for the life of the 
approval. 

19. Unless otherwise agreed to in writing by the Minister, the approval holder must provide 
a copy of documents required to be published on the dedicated webpage to members of 
the public upon request. Copies must be provided within a reasonable time of the request, 
for free or at a reasonable cost. 

20. If, at any time after five years from the date of this approval, the approval holder has not 
commenced the action, then the approval holder must not commence the action without 
the written agreement of the Minister. 
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Definitions 

a) Approval holder means the person to whom the approval is granted or any person acting 
on their behalf, or to whom the approval is transferred under section 145B of the EPBC Act. 

b) Breeding season means the period defined as "the time of peak activity for the species" in 
the Significant Impact Guidelines for the Vulnerable Green and Golden Bell Frog (Utoria 
aurea) (Commonwealth of Australia, 2009). 

c) Clumps means a Black-eyed Susan stem or group of stems that arise from a single 
rootstock. 

d) Commencement of the action means the first instance of earthworks, water discharge, 
vegetation removal or construction of any infrastructure (excluding fences and signage) 
associated with the action. 

e) Control sites means sites to be monitored concurrently with projects sites to provide 
evidence of the relative impacts or improvements as a result of the approved action. 

f) Department means the Australian Government Department or any other agency 
administering the Environment Protection and Biodiversity Conservation Act 1999 (Cth) from 
time to time. 

g) Discharge locations means any location where water is discharged from Site 1 or Site 2 
and/or the Cooranbong Entry Site, as defined in Schedule 3 and Schedule 4 of this decision 
notice. 

h) Hygiene Protocol for the Control of Disease in Frogs means Threatened Species 
Management Information Circular No. 6 - Hygiene Protocol for the Control of Disease in 
Frogs published by the (former) New South Wales Department of Environment and Climate 
Change in 2008. 

i) Independent peer reviewer means a person who has not been employed by the approval 
holder within the five years prior to approval of the action. 

j) Minister means the Minister administering the Environment Protection and Biodiversity 
Conservation Act 1999 (Cth) and includes a delegate of the Minister. 

k) Muddy Lake means the land and water defined as Muddy Lake in Schedule 4 of this 
decision notice. 

I) New South Wales Development Consent means the Development Consent and attached 
schedules, including conditions, issued for Application Number SSD-5145 on 
29 September 2015 by a delegate of the New South Wales Minister for Planning under 
Section 89E of the Environmental Planning and Assessment Act, 1979 (NSW), Sydney. 

m) Population characteristics means the number of breeding adults (including their temporal 
variability), dispersal patterns, areal and temporal habitat requirements and occupancy (for 
foraging, breeding, over-wintering and dispersal), breeding timeframes and critical breeding 
habitat or habitat characteristics, and reproductive and recruitment success, current threats, 
and water quality and hydrological requirements. 

n) Protected matters means any matter protected under the provisions of the Environment 
Protection and Biodiversity Conservation Act 1999 for which this approval applies. This 
includes: Tetratheca juncea (Black-eyed Susan), Utoria aurea (Green and Golden Bell 
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Frog), Melaleuca Biconvexa (Biconvex Paperbark), Syzgium paniculatum (Magenta Lilly 
Pilly). 

0) Site 1 means the land defined as Site 1 in Schedule 1 of this decision notice. 

p) Site 1 buffer zone means the land adjacent to Site 1, as defined in Schedule 1 of this 
decision notice. 

q) Site 2 means the land defined as Site 2 in Schedule 2 of this decision notice. 

r) Suitably qualified person means a person with relevant tertiary qualifications and/or a 
minimum of three years demonstrated experience relevant to the task in question, approved 
by the Minister. 

s) Viability means the ability of the (Green and Golden Bell Frog) population to sustain itself 
and maintain its pre-commencement extent and population characteristics. 
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• T. juncea to be removed o T. juncea to be conserved 

I TITLE: NORTHERN COAL LOGISTICS PROJECT 
EPBC 2013/6906 - SCHEDULE 1 - SITE 1 AND SITE 1 BUFFER ZONE I lOCATION: COAL LOGISTICS 

PROJECT I DATUM: (GDA 94) 
PROJECTION: MGA ZONE 56 I DATE: 18/01/2016 

PURPOSE: T.JUNCEA BUFFER FROM SITE 1 
I lAYOUT REF: J:\JOBS\Centtnn;'I\A!IJob.\11l119Coallc&iulcs\IO·O,.It111l1\Worksplceo\1131191J5ubpopuJIII""Suffet.wot 

tllUJ! CENTENNIAL 
Iflll!lfi 113119 

RPS AUSTRALIA EAST PTY LTD (ABN 44140 292 762) 
241 DENISON STREET BROADMEADOW PO BOX 428 HAMILTON NSW 2303 people 

T 02 49404200 F 02 4961 6794 www rpsgroup com au 
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o T. juncea to be conserved 

I TITLE: NORTHERN COAL LOGISTICS PROJECT EPBC 2013/6906- 
SCHEDULE 2 - SITE 2 DISTURBANCE AREA I lOCATION: COAL LOGISTICS 

PROJECT I DATUM: (GOA 94) 
PROJECTION: MGA ZONE 56 I OATE: 18/01/2016 I LAVOUT REf: 

PURPOSE: NCl DISTURBANCE AREA - SITE 2 
J:\JOBS\Con",nn .. I\,.o.Illob.\lllI19 COil Lcsl.!la\LO ·Drlrtl""Wo<"'~""",,\lBlI91J Subpcrpurlclon Buffor.we' 

tII(NI CENTENNIAL 

I(UHf! 113119 

RPS AUSTRALIA EAST PTY LTD (ABN 44140 292 762) 
241 DENISON STREET BROADMEADOW PO BOX 428 HAMILTON NSW 2303 people 

T 02 49404200 F 02 4961 6794 www rpsgroup com au 
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January 2017 Survey results  

Site Recapture Microchip Habitat  Calling Sex Length 
(mm) 

Weight 
(g) 

DNA 
sampled 

Chytrid Latitude Longitude 

WRE1  00078AE350 Phragmites  No Juvenile 3.5 7.0 Yes Not visible -33.07793 151.5046 
WRE1  00078AE306 Mangroves No F 4.0 3.0 Yes Not visible -33.07804 151.5054 
WRE1  00078AE421 Mangroves No F 7.0 29 Yes Not visible -33.07812 151.505 
WRW2  00078AE038 Freshwater 

wetland 
No Juvenile 4.8 4.0 Yes Not visible -33.078 151.5055 

WRW2  00078AE327 Freshwater 
wetland 

No F 4.1 4.0 Yes Not visible -33.07961 151.503 

WRW2  00078AE4D6 Freshwater 
wetland 

No F 3.2 2.8 
 

Not visible -33.07958 151.5031 

WRW2  00078AE508 Freshwater 
wetland 

No Juvenile 3.4 2.5 
 

Not visible -33.08795 151.5042 

WRW2  Too small Freshwater 
wetland 

No Juvenile 3.0 2.5 Yes Not visible -33.07937 151.5032 

BNG3 
 

00078AE341 Swamp Oak No M 4.8 9.3 Yes Not visible -33.07196 151.4991 
BNG3 

 
00078AE501 Swamp Oak No F 4.5 7.9 Yes Not visible -33.07186 151.4993 

BNG3 
 

00078AE4CB Swamp Oak No M 5.7 15.3 Yes Not visible -33.09111 151.5065 
BNG3 

 
00078AE456 Swamp Oak No Juvenile 3.7 5.3 Yes Not visible -33.07181 151.4991 

BNG3 
 

00078AE289 Swamp Oak No M 5.5 13.9 Yes Not visible -33.07216 151.4995 
BNG3 

 
00078ADF87 Swamp Oak No F 3.9 8.0 Yes Not visible -33.07162 151.4993 

Bold – recaptured in future session 
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November 2017 Survey results  

Site Recapture Microchip Calling Sex Length 
(mm) 

Weight 
(g) 

DNA 
sampled 

Chytrid Lat Long 

6 November 2017 
WRE1 Y 00078AE421 

 
F 7 37 (bag 

inc.) 
Yes Not visible -33.0778 151.5049 

WRE1 
 

00078AE4EF 
 

F 7.3 18 Yes Not visible -33.0781 151.5053 
WRE1 

 
00078AE3A6 Y M 5.6 14 Yes Not visible -33.0781 151.5053 

WRW1 
 

00078AE1D9 
 

F 6.7 16 Yes Not visible -33.0778 151.504 
WRW1 

 
missed 

      
-33.0778 151.5039 

WRW1 
 

missed 
      

-33.0777 151.5039 
WRW1 

 
Missed 

      
-33.0778 151.5038 

WRW1 
 

missed 
      

-33.0781 151.5053 
WRE1 

 
00087ADB0 Y M 6.3 17 Yes Not visible -33.078 151.5054 

WRE1 
 

00078AE41E Y M 6 20 Yes Not visible -33.0781 151.5053 
WRE1 

 
00078AE330 

 
F 6.8 27 Yes Not visible -33.0781 151.5052 

WRE1 
 

00078AE437 
 

M 6.5 16 Yes Not visible -33.0781 151.5053 
WRE1 

 
00078AE5BD 

 
M 7.5 14 Yes Not visible -33.0779 151.5051 

7 November 2017 
BNG3  missed         
BNG3 

 
00078ADB7E 

 
F 7.5 19 No Not visible -33.0716 151.4996 

BNG3 
 

00078AE2D4 
 

M 6 11 No Not visible -33.0717 151.4997   
missed 

      
-33.0728 151.499 

BNG3 
 

00078AE51E 
 

F 5.7 11 Yes Not visible -33.0719 151.4994 
BNG3 

 
00078AE2A2 

 
M 5.5 10 Yes Not visible -33.0718 151.4995 

BNG3 
 

00078AE3D1 
 

M 5.8 13.5 No Not visible -33.0719 151.4993 
BNG3 

 
00078AE316 

 
M 5.5 8 Yes Not visible -33.0719 151.4993 

BNG3 
 

00078AE221 
 

M 5.5 10 Yes Not visible -33.0719 151.4994 
BNG3 

 
00078AE23E 

 
M 5.8 13 Yes Not visible -33.0721 151.4991 

BNG3 
 

00078AE1C2 
 

Juvenile 4.2 5 Yes Not visible -33.0722 151.4992   
missed 

      
-33.0722 151.4991 

BNG3 
 

00078AE2DC 
 

M 5.5 13 Yes Not visible -33.0722 151.4991 
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Site Recapture Microchip Calling Sex Length 
(mm) 

Weight 
(g) 

DNA 
sampled 

Chytrid Lat Long 

BNG3 
 

00078AE345 
 

M 5 10.5 Yes Not visible -33.0719 151.4994 
Canoe survey 1   

Observed 
      

-33.0729 151.4988   
Observed 

      
-33.0733 151.4985   

Observed 
      

-33.0735 151.4974   
Observed 

      
-33.0735 151.4973   

Observed 
      

-33.0731 151.4984   
Observed 

      
-33.073 151.4985   

Observed 
      

-33.0733 151.4952 
8 November 2017 
WRE2 

 
00078AE502 Y M 5.8 11 Yes Not visible -33.0797 151.5037 

WRE2 
 

00078AE30D Y M 6.1 11 Yes Not visible -33.0803 151.504 
WRE2 

 
00078AE33B Y M 6.1 11 Yes Not visible -33.0803 151.504 

WRE2 
 

00078AE5B2 Y M 6.5 13 Yes Not visible -33.0803 151.504 
9 November 2017 
Canoe survey 2   

Observed 
      

-33.0782 151.5014   
Observed 

      
-33.0782 151.5014   

Observed 
      

-33.0781 151.5018 
ECT2  None         
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January 2018 survey results 

Site Recaptured Microchipped Habitat  Calling Sex Length Weight DNA 
sampled 

Chytrid Lat Long 

22 January 2018  
WRE1 

 
Missed 

       
-33.0784 151.506 

WRE1 
 

00078AE016 Gahnia N M 64 14.3 Y N -33.0785 151.506 
WRE1 

 
Missed 

       
-33.0785 151.5059 

WRE1 
 

Missed 
       

  
WRE2  None 

captured 
         

23 January 2018 
RCN1 

 
00078AD500 Stick near reed N F 67 

 
Y N -33.0697 151.5039 

RCN1 
 

00078AD5D6 Stag N F 63 
 

Y N -33.0695 151.5037 
RCN1 

 
00078AD550 Casuarina branch N F 69 

 
Y N -33.0698 151.5036 

RCN1 
 

Missed 
       

-33.0696 151.5037 
RCN1 

 
Missed 

       
-33.0697 151.5034 

RCN1 
 

Missed 
       

-33.0699 151.5034 
BSG1 

 
Missed 

       
-33.0723 151.4954 

BSG1 
 

00078AE51E Casuarina branch N M 60 13 N N -33.0718 151.4994 
BSG1 

 
Too small Juncus N Juvenile 28 3 N N -33.072 151.4994 

BSG1 
 

Too small Juncus N Juvenile 25 2 N N -33.072 151.4993 
BSG1 

 
Too small Juncus N Juvenile 30 3.5 N N -33.072 151.4993 

BSG1 
 

Missed 
       

-33.0721 151.4992 
BSG1 

 
00078AD3D4 Casuarina branch N F 55 14 Y N -33.0722 151.4992 

BSG1 
 

00078AD2E5 Casuarina branch N F 
(gravid) 

64 17 Y N -33.0722 151.4992 

BSG1 
 

Missed 
       

-33.0722 151.4991 
BSG1 

 
Too small Juncus N Juvenile 30 4 N N -33.0722 151.4992 

BSG1 
 

00078AD521 Casuarina branch N M 50 14 Y N 
 
 

-33.0722 151.4992 

24 January 2018 
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Site Recaptured Microchipped Habitat  Calling Sex Length Weight DNA 
sampled 

Chytrid Lat Long 

CBR1 
 

00078AD403 ground N F 
(gravid) 

70 28 Y N -33.0786 151.5018 

CBR1 
 

00078AD5D7 stick N M  55 13 Y N -33.0786 151.5017 
CBR1 

 
00078AD363 Ground N F   68 19 Y N -33.0785 151.5015 

CBR1 
 

00078AD326 Ground N F 63 14.5 Y N -33.0785 151.5015 
CBR1 

 
00078AD3B2 Hydrocotyle N F 50 11.5 Y N -33.0783 151.5013 

CBR1 
 

00078AD465 Waterweed  N F 
(Gravid) 

65 25 Y N -33.0784 151.5015 

CBR1 
 

00079238E5 Juncus N Juvenile 35 7 Y N -33.0782 151.5014 
CBR1 

 
00078AD528 

 
N F 57 9.5 Y N -33.0782 151.5014 

CBR1 
 

Missed 
       

-33.0782 151.5014 
CBR1 

 
Missed 

       
-33.0782 151.5013 

CBR1 
 

Missed 
       

-33.0782 151.5014 
CBR1 

 
Missed 

       
-33.0782 151.5013 

CBR1 
 

00078AD60E Juncus N M 65 13 Y N -33.0782 151.5014 
CBR1 

 
00078AD33D Juncus N Juvenile 54 13 Y N -33.078 151.5014 

CBR1 
 

Missed 
       

-33.0781 151.5014 
CBR1 

 
Missed 

       
-33.0781 151.5014 

CBR1 
 

00078AE228 Gahnia N M 57 14 Y N -33.0781 151.5015 
CBR1 

 
Missed 

       
-33.0781 151.5014 

CBR1 
 

00078AD32E Juncus N M 47 13 Y N -33.0781 151.5013 
CBR1 

 
Missed 

       
-33.0782 151.5014 

CBR1 
 

Missed 
       

0 0 
CBR1 

 
00078AD4D6 Juncus N M- 

Juvenile 
50 5.5 Y N -33.0781 151.5014 

DSOV 
 

Not tagged 
       

-33.0825 151.5078 
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March 2018 survey results 

Site Recap-
tured 

Microchipped Habitat  Calling Sex Weight 
(g) 

Length 
(mm) 

DNA 
sampled 

Chytrid Latitude Long Colour 

19 March 2018 

CBR1 Jan 0028AD528 
 

No Female 6.5 54 No No -33.0782 151.501315 
 

CBR1 Jan 00078AD4D6 
 

No Female 2.8 47 No No -33.0782 151.501369 
 

CBR1 Jan 00078AD3B2 
 

No Female 5.5 52 No No -33.0782 151.501355 
 

CBR1 Jan 00078AD60E 
 

No Male 18 64 No No -33.0781 151.501219 
 

CBR1 Jan 00078AD403 
 

No F (gravid) 30 75 No No -33.0788 151.501697 Golden green 
with stripes 

CBR1 
 

00078AD55D 
 

No Female 4.4 50 Yes No -33.0781 151.501466 
 

CBR1 
 

00078AD436 
 

No F (gravid) 21 61 Yes No -33.0779 151.500916 Brown with 
dark green 
stripes 

CBR1 
 

00078AD2B7 
 

No Female 17.5 59 Yes No 
  

Dark brown 
with dark 
green stripes 

CBR1 
 

00078AD3EF 
 

No Male 7.4 55 Yes No -33.0781 151.501487 Dark brown 
stripes on 
dark green 

CBR1 
 

00078AD365 
 

No Male 9 55 Yes No -33.0782 151.501431 Bright green 
with brown 
stripes 

CBR1 
 

00078AD4DB 
 

No Female 10.1 61 Yes No -33.0783 151.501342 Bright greenw 
ith golden 
stripes 

CBR1 
 

00078AD48B 
 

No Juv (F?) 4.4 37 Yes No -33.0781 151.501337 Bright greenw 
ith golden 
stripes 

CBR1 
 

00078AD552 
 

No Male (faded 
pads) 

8.5 57 Yes No -33.0782 151.50127 Bright green 
with golden 
stripes on side 
only 

CBR1 
 

00078AD581 
 

No Juv (F?) 7 51 Yes No -33.0781 151.501412 Bright green 
with golden 
splotches 
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Site Recap-
tured 

Microchipped Habitat  Calling Sex Weight 
(g) 

Length 
(mm) 

DNA 
sampled 

Chytrid Latitude Long Colour 

CBR1 
 

00078AD568 
 

No Male 8 48 Yes No -33.0781 151.501436 Dark brown 
and light 
green 
background 

CBR1 
 

00078AD5AF 
 

No Male (faded 
pads) 

12 55 Yes No 
  

Dark brown 
with dark 
green stripes 

CBR1 
 

00078AD632 
 

No Female 11.5 59 Yes No -33.0782 151.501259 Brown with 
green spots 

CBR1 
 

0007924495 
 

No Juv  6.5 43 Yes No -33.0783 151.501244 Green with 
golden stripes 

CBR1 
 

00078AD26C 
 

No Male 11 58 Yes No -33.0782 151.501487 Drk brown 
with light 
green stripes 

BSG1 
 

00078AD366 Casuarina No F 25 55 Yes No -33.0724 151.495558 Brown 

BSG1 
 

00078AE292 Casuarina No F 12 57 Yes No -33.0723 151.495511 Brown 
speckled 
green 

BSG1 
 

00078AE5AB Small 
melaleuca 

No F 13.9 60 Yes No -33.0721 151.495594 Green with 
gold spots 

BSG1 
 

00078AE305 Small 
casuarina  

No ? 16 55 Yes No -33.0719 151.495871 Green with 
gold spots 

BSG1 
 

00078AD5D5 Small 
casuarina  

No ? 18 50 Yes No -33.0719 151.495902 Dark 
brown/green 

BSG1 
 

00078AE512 Juncus No ? 11 55 Yes No -33.0718 151.495955 Dark brown   

BSG1 
 

00078AD59C Juncus No ? 22 50 Yes No -33.0721 151.495647 Green/brown 

20 March 2018 

CBR1 Y 00078AD326 Leaf litter, 
some water 
herbs 

No ? 17 71 No No -33.0785 151.501526 Brown with 
green 

CBR1 Y 00078AD3EF 
 

No 
    

No 
   

CBR1 Y 00078AD568 
 

No 
    

No 
   

CBR1 
 

00078AD554 Gahnia No Male 18.9 55 Yes No -33.0782 151.501329 Gold with 
green spots 
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Site Recap-
tured 

Microchipped Habitat  Calling Sex Weight 
(g) 

Length 
(mm) 

DNA 
sampled 

Chytrid Latitude Long Colour 

CBR1 
 

00078AD2FD 
 

No F? 7.2 53 Yes No 
  

Green and 
gold 

CBR1 
 

00078AD585 
 

No Juv 3.5 35 Yes No -33.0781 151.501416 Green  

CBR1 
 

00078AD4F6 Gahnia No F? 14.2 53 Yes No -33.0781 151.501318 Green and 
gold 

CBR1 
 

00078AD34E 
 

No Female 26 69 Yes No -33.0786 151.501512 Gold with 
green   

CBR1 
 

00078AD26D Tree trunk No Female 11.9 61 Yes No -33.0778 151.500682 Brown 

CBR1 Y 00078AD48B 
       

-33.0781 151.501337 
 

CBR1 Y 00078AD581 
       

-33.0781 151.501412 
 

BSG1 
 

00078AE215 Casuarina No Female 12 52 Yes No -33.0719 151.495586 
 

BSG1 
 

00078AE313 
 

No Female 22 67 Yes No -33.0717 151.495862 
 

BSG1 
 

00078AD3FA Juncus No Female 13 60 Yes No -33.0726 151.495469 
 

BSG1 
 

00078AD60F Juncus No Male (faded 
pads) 

16.9 60 Yes No -33.0723 151.495612 Bright Green 

BSG1 
 

00078AD414 
 

No Juv  4 42 Yes No -33.0728 151.495392 
 

BSG1 
 

000792435F 
 

No Male 13 57 Yes No -33.0725 151.495426 
 

BSG1 
 

00078AD460 
 

No Juv  6.9 40 Yes No -33.0722 151.495495 Green 

BSG1 
 

00078AE4F3 
 

No Male 12.7 55 Yes No -33.0719 151.495754 Golden 

BSG1 
 

00078ADB1D 
 

No Male (faded 
pads) 

11 50 Yes No -33.0726 151.495497 
 

BSG1 
 

00078AD258 Juncus No Female 14.5 60 Yes No -33.072 151.495742 
 

BSG1 
 

00078AE46D Juncus No Female 11.4 50 No No -33.0723 151.49556 
 

22 March 2018 

BSG1 Y 00078AE305 Juncus 
      

-33.0719 151.495734 
 

BSG1 Y 00078AD5D5 Casuarina   
      

-33.0719 151.49589 
 

BSG1 
 

956000010221961 
 

No Male 17 60 Yes No -33.0723 151.495426 green and 
gold 

BSG1 
 

956000010219105 
 

No Female 16.8 60 Yes No -33.0719 151.49573 dark brown 

BSG1 
 

956000010219369 Juncus No Male 15.8 59 Yes No -33.0719 151.495675 brown speckly 



 

GHD | Report for Centennial Coal Company Ltd - Northern Coal Logistics Project Green and Golden Bell Frog Research Program, 221856200 | 90 

Site Recap-
tured 

Microchipped Habitat  Calling Sex Weight 
(g) 

Length 
(mm) 

DNA 
sampled 

Chytrid Latitude Long Colour 

BSG1 
 

956000010220506 
 

No Male 20 68 Yes No -33.0718 151.495541 brown   

BSG1 
 

956000010229699 
 

No Male 13.7 57 Yes No -33.0717 151.495743 dark green 
and gold 

BSG1 
 

956000010220303 Casuarina 
above juncus 

No ? 19 58 Yes No -33.0719 151.495754 Dark green 
  

MKC13 Paperbark 
above juncus 

 
     

-33.0722 151.495687 
 

CBR1 Y 00078AD326 Ground 
      

-33.0785 151.501464 
 

CBR1 Y 00078AD585 Gahnia 
      

-33.0782 151.50135 
 

CBR1 Y 00078AD4F6 
       

-33.0782 151.501378 
 

CBR1 Y 00078AD2FD Casuarina 
      

-33.0782 151.50147 
 

CBR1 Y 00078AD568 Gahnia 
      

-33.0782 151.501481 
 

CBR1 Y 00078AD3B2 Gahnia 
      

-33.0783 151.501292 
 

CBR1 Y 00078AD48B 
       

-33.0781 151.501412 
 

CBR1 Y 00078AD4D6 Gahnia 
      

-33.0784 151.501363 
 

CBR1 
 

956000010218717 Gahnia No Female 8.7 53 Y No -33.0782 151.501357 Bright green 
with some 
goldent 
stripes 

CBR1 
 

956000010219840 Gahnia No Female 3.5 51 Y No -33.0783 151.501369 Mostly brown 
with green 

CBR1 
 

not previously 
captured 

          

     
Average: 12.9 55.4 
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Recaptures – March 2018 BSG1 

Site Microchip 19-Mar 20-Mar 22-Mar 
BSG1 00078AD366 1 

  

BSG1 00078AE292 1 
  

BSG1 00078AE5AB 1 1 
 

BSG1 00078AE305 1 
 

1 
BSG1 00078AD5D5 1 

 
1 

BSG1 00078AE512 1 1 
 

BSG1 00078AD59C 1 
  

BSG1 00078AD414 
 

1 
 

BSG1 000792435F 
 

1 
 

BSG1 00078AE215 
 

1 
 

BSG1 00078AE313 
 

1 
 

BSG1 00078AD3FA 
 

1 
 

BSG1 00078AD60F 
 

1 
 

BSG1 00078AD460 
 

1 
 

BSG1 00078AE4F3 
 

1 
 

BSG1 00078ADB1D 
 

1 
 

BSG1 00078AD258 
 

1 
 

BSG1 00078AE46D 
 

1 
 

BSG1 956000010221961 
  

1 
BSG1 956000010219105 

  
1 

BSG1 956000010219369 
  

1 
BSG1 00078AE5AB 

  
1 

BSG1 956000010220506 
  

1 
BSG1 956000010229699 

  
1 

BSG1 956000010220303 
  

1 

 

Population estimate using the Schnabel index – BSG1 

Ci Ri New marked Mi 
7 0 7 0 
13 2 11 20 
9 2 7 27 
  

Total 126 
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Recaptures – March 2018 CBR1 

Site Microchip 19-Mar 20-Mar 22-Mar 
CBR1 0028AD528 1 

  

CBR1 00078AD4D6 1 
 

1 
CBR1 00078AD3B2 1 

 
1 

CBR1 00078AD60E 1 
  

CBR1 00078AD403 1 
  

CBR1 00078AD55D 1 
  

CBR1 00078AD436 1 
  

CBR1 00078AD2B7 1 
  

CBR1 00078AD3EF 1 1 1 
CBR1 00078AD365 1 

  

CBR1 00078AD4DB 1 
  

CBR1 00078AD48B 1 1 1 
CBR1 00078AD552 1 

 
1 

CBR1 00078AD581 1 1 
 

CBR1 00078AD568 1 1 1 
CBR1 00078AD5AF 1 

  

CBR1 00078AD632 1 
  

CBR1 0007924495 1 
  

CBR1 00078AD26C 1 
  

CBR1 00078AD326 
 

1 1 
CBR1 00078AD554 

 
1 

 

CBR1 00078AD2FD 
 

1 1 
CBR1 00078AD585 

 
1 1 

CBR1 00078AD4F6 
 

1 1 
CBR1 00078AD34E 

 
1 

 

CBR1 00078AD26D 
 

1 
 

CBR1 956000010218717 
  

1 
CBR1 956000010219840 

  
1 

 

Population estimate using the Schnabel index – CBR1 

Ci Ri New marked Mi 
19 0 19 0 
11 4 7 26 
12 2 10 28 
  Total 104 
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Telephone: +61 2 4921 6014 

Michael.mahony@newcastle.edu.au 
 

 
Jeff Dunwoodie 
Environment and Community Coordinator 
Centennial Coal Company Limited | Mandalong 
12 Kerry Anderson Drive, Mandalong NSW 2264 
 
 
Centennial Coal Company Ltd. Northern Coal Logistics Project. Green and 
Golden Bell Frog Research Program. Baseline Survey Report.  Prepared by 
GHD Pty Ltd. 
 
 
June 21, 2018 
 
Independent Peer Review by approved qualified herpetologist with at least 
five years of experience in the conduct of research on the Green and Golden 
Bell Frog. 

 

To whom it may concern, 

Consent conditions under the EPBC approval (DEE 02/03/2016) for the Northern 
Coal Logistics Project (2013/6906), for the implementation of a Green and Golden 
Bell Frog Research Project, required an independent peer review of the GGBF 
Research Plan methodology by a suitably qualified herpetologist with at least five 
years of experience in the conduct of research on Green and Golden Bell Frog.  

I have reviewed and made comments on the Baseline Survey Report prepared by 
GHD Pty Ltd to address the conditions of consent.  This report has been prepared 
by GHD Pty Ltd. to outline the methods and results of baseline surveys of the 
Green and Golden Bell Frog at Muddy Lake. While it provides detailed information 
with reference to the Green and Golden Bell Frog Research Project (Condition 3), 
further work is required to prepare a detailed monitoring plan to meet the 
requirements of the conditions of approval relating to the Biodiversity Monitoring 
Plan (Condition 5).GHD have amended their report to reflect and have incorporated 
suitable responses my review comments.  

It is my position that Centennial Coal Ltd. have addressed the requirements of their 
conditions of consent (Condition 3) with the presentation of the Baseline Survey 
Report prepared by GHD represent the first stage of the research project.  

mailto:Michael.mahony@newcastle.edu.au


         

 

 
I am very happy to be contacted should further information be required. 
 
Sincerely,  
 
Professor Michael Mahony 
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Peer review comments and responses 

Section  Professor Michael Mahony comments Addressed 
2.2 
Population 
information 

This is out of date.  There is no known 
extant population at Hexham swamp.  
Probably remove this for here and the 
map. 
 

Reference to Hexham Swamp 
population has been removed 
from the report. 

2.5 
Breeding and 
dispersal 

This is speculative – albeit referenced. 
If you look at the papers they are not 
based on any provided empirical 
evidence. 

Section reworded. 

Not good evidence for natal pond 
effect 
Certainly the case over a season. 
 

2.6.1 
Chytrid fungus 

Reference here is important – 
Stockwell et. al 

Reference added 

3.5 
Identification of the 
study area 

Where is site 2 defined? This is 
important since it defines spatial extent 
of investigations 

Further detail added to section 
regarding the location of Site 2 
and other discharge locations 

3.5.1 
Muddy Lake 

If they are downstream can they be 
controls??  And/or Control sites 

Section reworded to separate 
control sites from downstream 
locations 

3.6.1 
Survey guidelines 

I would suggest you consider a change 
to “reference’ where you have used 
the term ‘control’ 
 

Noted. further discussion of 
control sites is provided in 
section 6.7 

3.7.2 
Fauna species 
 

There are published references to this 
which add strong support – see papers 
by Scheele et al 2017. 
 

Reference added and wording 
updated 

3.8 
Extent of the 
population 

Extent.  Spatially and numerically. 
Could these two be separated? 

Wording updated 

3.9.2 
Reference 
population  

See earlier comment suggesting that 
you think of changing to ‘Reference 
site” to be consistent with guidelines. 
There are other reasons from a 
scientific perspective not to use the 
word control 

Updated 

3.9.3 
Survey timing/ 
consecutive nights 

Need to consider this when the results 
are examined 

Noted. To be developed 
further in BMP/ongoing 
monitoring. 

3.10  
Tadpole surveys 

We should discuss this.  It is still not 
clear where breeding occurs and this 
could be important to know, especially 
if it is in peripheral habitat 

Noted. To be developed 
further in BMP/ongoing 
monitoring. 

4.2.1  
Discharge rates 

This is an important consideration.  
And begs the question of the natural 
hydrology of Muddy Lake. 
There is good evidence that 
ephemerality or fluctuation of water 
levels may be a trigger for GGBF 
breeding habitat. 
Presumably at times of “average 
rainfall” the lake would fluctuate in 

Wording updated.  
To be investigated further in 
BMP/ongoing monitoring. 
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Section  Professor Michael Mahony comments Addressed 
level and have lower salinity levels 
(freshwater). 

4.2.1 
Salinity 

Was there any study of the lake prior 
to the commencement of discharges?  
Potentially the best way to judge 
historic levels is by the distribution of 
the vegetation communities 

Noted. To be developed 
investigated in ongoing 
monitoring. 

2.3.2 
Microhabitats  

Do you mean micro-habitats Wording updated 

4.3.4 
Competitive fauna 

These are possibly valuable habitat – 
fallax does not do well in saline waters, 
but can tolerate Gambusia. 
It would be valuable to know if these 
are ephemeral? And whether GGBF 
use these habitats. 
 

Noted. Further survey to be 
conducted in these areas. 

5.1.1 
GGBF captures 

Add a sentence here to say that the 
occurrence of juveniles indicates that 
breeding has occurred in the spring or 
early summer. 

Wording updated 

 The occurrence of calling has other 
valuable biological information.  The 
site where the males are calling most 
likely represents sites where breeding 
will occur. Thus it is an important 
indicator of breeding habitat.  Males 
also form “leks” (groups of males that 
cluster) and there is some evidence 
that this plays some role in the 
attraction of females to breeding sites 
(James et. al., 2017). 

Information added to section 
2.5 and cross referenced here 

 This seems to be high, but it is the 
longest animal found? 

Noted. A number of large 
females were recorded 
elsewhere. Possibly a gravid 
female but not recognised as 
such in the field. 

5.1.2 Once again the biological observation 
that could be made is that the precise 
location where the male were calling 
could represent the site of breeding. 

Wording updated 

5.1.3 Not necessarily.  Females could move 
to the site of mating (egg deposition) 
and just be using Muddy Lake as 
foraging habitat. 
This is not a major issue. But it does 
highlight one thing that would be very 
good to know –what habitat/sites are 
selected for breeding? This may best 
be answered by finding where the 
tadpoles are. In several other 
locations, the GGBFs seem to move to 
ephemeral wetlands at the edge of the 
larger estuarine water body to breed.  
Such sites may be free of Gambusia, 
or they may simply represent sites with 
dense vegetation that provides some 
protection from predation. 
 

Wording updated. This will be 
taken into account in further 
surveys – possible locations to 
search for nearby ephemeral 
waterbodies. As such, section 
6.2 has been updated to 
incorporate this information. 
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Section  Professor Michael Mahony comments Addressed 
5.2.2  
Population 
numbers 

I would suggest that in the future, you 
should record the numbers observed 
in the visual encounter survey (against 
survey effort – time or spatial extent), 
and include misses. In time VES 
counts can be used in a regression 
against capture-mark-recapture 
estimates to provide an index of 
population size (i.e., in the long-term 
this means that counts can be used to 
provide robust measures of 
abundance without the need for CMR). 
This can be more cost effective in 
long-term monitoring, but maintains 
power. 

Noted. This information was 
collected at many sites, but 
possibly not thoroughly. This 
will be incorporated into future 
monitoring. As such, section 
6.2 has been updated to 
incorporate this information. 

5.2.3  
Population 
estimation 

It would be useful to have upper and 
lower confidence levels to the 
population estimate. The formula can 
be found in Krebs (ecological 
methodology). 
This will be helpful in explaining why 
replicated sampling is required for 
Capture-Mark-Release surveys. 

Noted. This will be undertaken 
in future monitoring sessions. 
Comment added to this section 
noting that replicated sampling 
will provide better confidence 
levels. 

5.3 
Control population  

Normally, a reference site is included 
in the guidelines where a survey needs 
to show that local variable such as 
weather were not responsible for a null 
result. 
There is no doubt that GGBF occur at 
Muddy Lake, and as you demonstrate 
are using large parts of the lake. 
It would seem to be more valuable 
now to find out more detailed  
information on the habitat use and 
population persistence. 

Noted. Wording updated here 
and in section 6.7 to discuss 
difficulty of control population 
for BACI design 

6.1  
Ongoing monitoring 

Moving forward this should be an area 
where discussion occurs among the 
ecologists.  I see many attempts to 
study the “whole population” (we have 
a tendency to do this with threatened 
species), when the art of ecology is 
good sampling design.  It is only 
possible to sample part of the whole, 
and then use analysis to provide a 
level of confidence that the sample 
provides a true picture of the whole. 
The fact that the frogs cluster spatially, 
and that clustering may vary within and 
among seasons provides an additional 
level of difficulty. 
Probability of detection – and how to 
measure and report it are part of 
Capture-Mark-Release.  But beware 
this becomes labour intensive. 
For example, if you collect and mark 
20 frogs on one night and collect 20 
the next night, but only 10 have marks, 
one assumes the other 10 were there 
but not detected.  This is how with 
larger data sets one calculates 

Noted. This will be developed 
as part of the BMP 
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Section  Professor Michael Mahony comments Addressed 
detection probability.  A most valuable 
metric when understanding how other 
factors affect detection. And 
differences in habitat preference. 

6.2.1 
Area-based 
surveys 

I think you should add some other 
demographic analysis. You are 
collecting the data on sex ratios, and 
age class structure (weights and 
measures), and then provide valuable 
and meaningful information on the 
population relative to the question of 
impact from discharge. 
No need for additional field work – just 
a little more analysis of the data. See 
Sinclair and Caughley. 

Further data analysis will be 
added to future reporting. 
Section 6.2.4 updated to 
reflect this. 

6.3 
Water quality 

I consider that you could / should add 
a section on the identification of  
breeding sites.  

Added to section 6.5 for future 
monitoring sessions. 

6.4 
Chytrid fungus 
testing 

One can reasonably ask why do 
chytrid testing when the population 
appears to be robust. 
The important thing is in linking the 
role of salinity to occurrence and 
intensity of chytrid infection.  This is 
directly linked to demonstrating that 
the discharge is not having a negative 
effect, and may be beneficial in this 
case. 

Wording updated. 
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