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 Table 4.5: Daily PM10 event greater than 50µg/m3 guideline value  
 

Event Wind patterns Comments 

7 November 2016 
 
79 µg/m3  at HVAS1 
Steel River Estate 
 
88 µg/m3  at HVAS2  
Mayfield 
 
82 µg/m3  at HVAS-K3 
Fern Bay 

 

NCIG is to the northeast of the Mayfield air quality monitor, to the east of 
the Steel River Estate air quality monitor and to the west of the Fern Bay 
monitor. 
 
Prevailing winds on this day were from the northwest. Therefore, activities 
at NCIG were unlikely to have contributed to the measured results at 
Mayfield and Steel River on this day. 
 
There was no rainfall on this day or the preceding day. Wind speeds ranged 
from 0.85 to 6.18 m/s. Measured PM10 concentrations at Beresfield 
(upwind of Kooragang Island) on the day was 42.8 µg/m3 (EPA, 2017). A 
number of bushfires had been experienced across the region for the 
previous two days. These continued on the 7th, including at Cessnock, 
which is likely to have contributed to high particulate levels across 
Newcastle. 
 
The 24-hour average TSP concentration measured by the BAM on NCIG’s 
eastern boundary was 148.4 µg/m3, while the 24-hour average TSP 
concentration measured by the western BAM (upwind of the NCIG site) was 
99.3 µg/m3. Both of these values are above the NHMRC Average Annual 
criteria (90 µg/m3), although the NHMRC criteria is intended to apply to 
residential areas. 
 
An assessment was made of the NCIG Integrated Dust Management 
System on this day. All stockyard sprays were operating and the system 
operated as was designed and intended, confirming that the system was in 
compliance with EPL operating conditions (O1, O2, O3). There was also no 
visible dust generated on the day, confirmed through ongoing site 
inspections. 
 
Therefore: 

- It is likely that bushfires have contributed to elevated PM10 levels 
across the Newcastle area. There is the potential that NCIG 
activities may have also contributed to high PM10 levels observed 
at Fern Bay, although not to the same degree. 

 
Outcome: Compliance with EPL conditions, but potential contribution to 
elevated levels at Fern Bay 
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Table 4.12: Summary of the Noise and Vibration Monitoring Programme 

 
Monitoring Parameter Monitoring Sites Frequency Criteria 

Attended and unattended 

noise monitoring 

N1, N3, N5, N13 and 

N141. 

Monthly for the 

first 3 months 

then quarterly. 

See below. 

Unattended continuous noise 

monitoring. 

Selected locations. Minimum period 

of one week per 

quarter. 

See below. 

Attended noise monitoring All static and mobile 

elements of terminal 

operations. 

6-monthly See ONMP. 

1 The location of monitoring sites is shown on Figure 6.  
 

The noise impact assessment criteria as defined by the Project approval and EPL12693 are 
provided in Table 4.13 and Table 4.14 

A Noise Audit Report was completed in October 2013 to confirm cumulative Stage 1, Stage 2AA 
and Stage 2F noise performance of the NCET as per Conditions 3.6 and 3.7 of PA 06_0009 
Schedule 2.  

Noise and vibration monitoring was undertaken by specialist acoustic consultants on a six monthly 
basis during the reporting period.  
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1  The location of monitoring sites is shown on Figure 6. 
2 Dust deposition will be analysed in accordance with AS/NZS 3580.10.1-2003 Methods for Sampling and 
Analysis of Ambient Air- Determination of Particulate Matter – Deposited Matter – Gravimetric Method. 
3 PM10 will be monitored in accordance with the Approved Methods for the Sampling and Analysis of Air 
Pollutants in New South Wales (EPA,2001). 

Attended and 
unattended noise 
monitoring.  

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

Quarterly. See Section 4.7.2. 

Attended noise 
monitoring in case of 
complaint. 

Reference 
locations 
proximal to the 
Project1. 

At the commencement of operation. 

Air Quality 

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

Monthly See Section 4.2.2 

HVAS1, HVAS2, 
HVAS3, HVAS4. 

Every 6 days 

BAM1, BAM2, 
BAM3, BAM4. 

Continuous 

PWCS Through regular consultation. 

Surface Water 

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

Secondary 
settling ponds4. 

Monthly. See Section 4.3.2 

Surface water 
monitoring 
sites4. 

Monthly. 

Water level. Primary and 
secondary 
settling ponds4. 

Following heavy rainfall (i.e. more 
than 20 mm of rainfall in a 24 hour 
period). 

Drainage, erosion 
and sediment 
control. 

All areas of 
NCIG 

Monthly. 

Groundwater 

pH, EC, TDS, TSS, 
sulfate, polycyclic 
aromatic 
hydrocarbons (PAH), 
As III, Cd, Cu, Pb, 
Hg, Zn, Cr VI, Mn 
and Ni (refer Table 
5). 

GW1, K9/3S, 
K9/3N, K11/1S, 
K11/1.1. 

6 Monthly. See Section 4.4.2 

Groundwater level. 6 Monthly 
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7. ACTIVITIES PROPOSED IN NEXT AEMR PERIOD 

Significant activity is proposed to be undertaken in the next AEMR period in accordance with the 
Project Approval and environmental management and monitoring programmes. The principle 
elements are: 

¶ Continued operation and maintenance of the full 66Mtpa Coal Export Terminal. 
¶ Internal planning for optimisation of existing plant to provide additional capacity, if required 

in the future. 
¶ Review of monitoring locations in EPL12693. 
¶ Assessment of options to improve management of sediment onsite 
¶ Monitoring of carry-back coal from coal wagons. 
¶ Commence MERI of the migratory shorebird habitat at Area E. 
¶ Further development and continuous improvement of the NCIG Environmental Management 

System. 
¶ Review of the NCIG Community Engagement Strategy 
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APPENDIX 3 
SURFACE WATER MONITORING RESULTS 
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4. 

 
 
 
interconnected. At the same time other permanent and ephemeral wetlands in the 
local area were also recharged, and there was significant overland or surface flow 
that connected many of the wetlands. Major summer rains combined with daily 
average temperatures above 20oC are considered to be ideal for breeding of the 
Bell Frog.  This was the case in the population of Bell Frogs on Kooragang Island 
to the east of the NCIG Compensatory Habitat Area, where choruses of adult 
males and dispersal of adults to ephemeral wetlands that were flooded at this time 
were observed. This aim of this report is to provide a summary of the observations 
made during January, February and March 2016 in the NCIG Compensatory 
Habitat Area. 
 

4.1.2. Materials and Methods 
Details of the monitoring methodology were provided in the previous Quarterly 
Report. 
 

4.1.3. Results 
Frog Surveys: Choruses of adult male bell frogs were detected at twelve of the 
NCIG Compensatory Wetlands (Table 4-1).  In the period between the 8th and 
22nd of January a total of 23 adult males and 9 females were observed. 
Observations of adults were restricted to wetlands in stages 4, 5 and 7 (Tables 4-
1 and 4-2). The survey effort was equivalent in all wetlands and was based on a 
standardised habitat search. Large wetlands take proportionally longer to survey 
than smaller wetlands.  Surveys in wetlands in stages 1, 2, 3 and 6 did not result 
in the detection of any adults, and no choruses were heard in wetlands in these 
stages over the period of surveys. Aural surveys are conducted at the time of 
visual encounter surveys using direct listening and response to call playback. 
These techniques are known to be effective in detecting calling males.  Because 
the male call carries up to 50 metres on a still night, it is often possible to hear 
males calling in wetlands away from the location of survey, and we consider that 
in such circumstance that all calling activity would be detected in the precinct that 
encompasses the NCIG Compensatory Habitat Wetland. Once calling was heard 
an active search of the habitat was conducted and call playback employed.  Thus 
we are confident that the sites where calling occurred represent the only sites 
where male bells frogs were actively calling. 
 
Examination of the wetland locations where calling was detected reveals that 
activity was focused in the southern and central region of the NCIG 
Compensatory Habitat.    
 
Demography of the adults collected show that the population consists largely of 
first year males and females (< 12 months since metamorphosis)(see Figures 3 
and 4). The number of males observed was larger than the number of females, 
but this most likely reflects the fact that males are more easily detected than 
females rather than a real difference in the sex ratio. It is also likely that females 
under the age of 12 months are dispersed in the habitat and not found around 
wetlands. The age-class structure is a significant feature since only second year 
females (12 to 24+ months) are reproductive, and the observations are that there 
are few adults in this category in the system. 

















 
12. 

 
 
 

 
Plate 3: Long reach excavator removing mangroves with hydraulic sheer 
 
 
 

 
Plate 4: Hydraulic sheer attachment removing mangroves 
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Plate 9: Forestry saws with different sawing implements 
 
 
 

 
Plate 10: Forestry saw being used for Phase 2 clearing 
 
 







 
18. 

 
 
 

 
Plate 15: Remaining dead mangroves in Fish Fry Flats to be removed  
 
 

 
Plate 16: Oblique aerial image, Fish Fry Flats (30/5/16) 
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Figure 6: Number of individual waders, water birds and other species 
counted at Swan Pond during each monitoring event. 
 
The number of individual birds counted at Fish Fry Flats also varied from week to 
week (Figure 7). No general pattern of decline can be seen in the Fish Fry Flats 
bird counts. However, after weeks of fluctuation, there was a decrease in the 
number of waterbirds recorded. This may be a result of the disturbance caused by 
mangrove removal works within the area. Continued monitoring will determine any 
long-term impacts resulting from the clearing activities. 
 

 
Figure 7: Number of individual waders, water birds and other species 
counted at Fish Fry Flats during each monitoring event. 
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15/2/2016 5.3 J N N  378702 6365293 6.5 26.4 
15/2/2016 5.3 J N N  378702 6365293 5.9 26.4 
15/2/2016 5.3 J N N  378702 6365285 2.2 25.8 
15/2/2016 5.3 J N N  378701 6365281 4.8 15.9 
15/2/2016 5.4 J N N  6378714 6365302 4 21.41 
15/2/2016 5.4 J N N  6378707 6365302 3.8 28.9 
15/2/2016 5.4 M N N 108001466478 6378714 6365302 4 56.5 
15/2/2016 5.5 J N N  378691 6365277 6.3 24.85 
15/2/2016 5.6 F N N 000791EA89 378660 636530 35 77.3 
15/2/2016 5.8 F N N 000792067D 378661 6365416 34 74.3 
15/2/2016 5.8 J N N  378675 6365409 5.5 28.7 
15/2/2016 5.8 M N N 000791E8C1 378653 6365416 17.5 60 
15/2/2016 5.8 M N N 000791E8DD 378651 6365417 12 45.95 
15/2/2016 5.8  N N  378658 6365389   
15/2/2016 5.8  N N  378658 6365389   
16/2/2016 3.1 F N N 00079206C1 378973 6366264 34.00 69.12 
16/2/2016 3.4 J N N  378981 6366161 2.00 21.62 
16/2/2016 3.4 J N N  378981 6366156 1.00 11.52 
16/2/2016 7.1 M Y N 00078A90E2 378624 6365018 19.00 58.89 
16/2/2016 7.1 M N N 00078A9082 378632 6365012 4.00 30.86 
16/2/2016 7.3 F N N 00078A8FFE 378682 6364976 37.00 73.70 
16/2/2016 7.3  N N 00078A92C9 378674 6364968 23.00 59.50 
16/2/2016 K27 J N N 00078A92DE 378672 6365046 14 54.5 
16/2/2016 K27 MET N N  378672 6365046 7 28 
16/2/2016 K27 MET N N  378672 6365046 2.7 29.7 
16/2/2016 K27 MET N N  378672 6365046 3.7 26.2 
17/2/2016 6.1 J N N  378493 6365361   
17/2/2016 6.1 MET N N  1514213

1 
3250634 3 27.9 

22/2/2016 4.10 F N Y 000791E977 379210 6365179 20.5 59.12 
22/2/2016 4.10 M N N 00078A91EB 379238 6365172 18 54.1 
22/2/2016 4.10 M N N 108001466639 379213 6365179   

 
 

 
Table 3.  Observation of habitat use and association of Green and Golden Bell 
Frogs on the western end of Kooragang Island in the NCIG Compensatory Habitat 
and nearby wetlands. 
 

Date Pond Sex Calling Easting Northing Habitat Height 
from 
water 
(mm) 

Distance 
from 
edge 
(mm) 

8/1/2016 5.1 M Y 378729 6365316 Pasp dial, water 0 0 
8/1/2016 5.1 M Y 378729 6365316 Pasp dial, water 0 0 



























 

 

POND NATIVE VEGETATION ACTION REQUIRED 
POND Action Required Due 

Date 
Completion 

Date 
7, 8, 9, 
17 

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

 

Ongoing  

2, 5a, 
18 

Ponds are nearing the upper limit of macrophyte growth and will require culling of Typha prior to warmer months. 
 

September 
2016 

 

18 Casuarina glauca regrowth is also present within the pond buffer which requires removal. 
 

May 2016 May 2016 

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

  
 
 

  

 

COMMENTS:        All Actions Complete: Signed ___________________ Date _________  

















 

Ref: NCA16R42496 Page i 23 June 2016 
Copyright 2016 Kleinfelder   

 
 
 

 
Document Control:  

Version Description Date Author Technical Reviewer Peer Reviewer 

1.0 Draft for client review 23 June 2016 F. Rainsford L. Foster C. Evans 

 

Kleinfelder Australia Pty Ltd 
95 Mitchell Road 
Cardiff, NSW 2282   
Phone: 1300 881 869  
Fax: 1300 881 035 
 
ABN: 23 146 082 500 

 

Swan Pond and Fish Fry Flats Bird Monitoring 
Report  

 

Migratory Shorebird Habitat Establishment 
 

Ash Island, NSW 

 
Kleinfelder Document Number: NCA16R42496 

Project No: 20170226 
All Rights Reserved 

Prepared for: 

 
NEWCASTLE COAL INFRASTRUCTURE GROUP 
EGRET & RAVEN ST 
KOORAGANG ISLAND, NSW 2304 

Only Newcastle Coal Infrastructure Group, its designated representatives or relevant statutory 

authorities may use this document and only for the specific project for which this report was 

prepared. It should not be otherwise referenced without permission.  







































http://www.ncig.com.au/






 

4. 

 

 

 

4. Shorebird Compensatory Habitat 
4.1. Migratory Shorebird Habitat Construction 

The delivery of the Migratory Shorebird habitat at Area E was completed in first 
week of November. Key components of the habitat delivery included: 

 Removal of 17 hectares of mangroves using a power tool (hand removal) 
and plant/machinery methods 

 Installation of a hydrological control device (Smart Gate) at Fish Fry Creek 
culvert 

 Installation of two Mangrove Propagule Exclusion Devices (MPEDs) in Fish 
Fry Creek 

 Installation of bird diverters using a bucket truck (Ausgrid power lines) 
 Installation of bird diverters using a helicopter (Transgrid power lines) 
 Other minor infrastructure such as rock protection along Fish Fry Creek, 

security gates and fences and access tracks 
 
The following pictures provide photographic repesentations of the process. 
 
 

 
 
Plate 2: Progressive mangrove removal, Area E 
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Plate 9: Mulched mangroves 
 
 
 

 
Plate 10: Fish Fry Creek with mangroves partially removed 
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Plate 28: Completed Smart Gate installation, Fish Fry Creek  
 
 
As the delivery of the Migratory Shorebird habitat was successfully completed, a 
submission has been made to the Department of Planning and Environment 
advising of the completion. This letter is specifically in regards to Conditions 2.20 
b) ii) (migratory shorebird habitat) and 2.20 f) (ameliorative works). 
 
5. Shorebird Monitoring 
Kleinfelder has commenced post-mangrove removal shorebird monitoring of Area 
E. Results for the May to October period (including the mangrove removal period) 
is contained within Appendix A. The following photographs show notable bird 
observations and regrowth of target vegetation species which constitute an 
endangered saltmarsh community.  
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Plate 34: Bar-tailed Godwit and Whimbrel using Area E (Fish Fry Creek) 
 
 
Bird monitoring in Area E will continue fortnightly throughout the summer period. 
NCIG is also discussing with the University of New South Wales (Water Research 
Laboratories) the scope for an ongoing research project to commence in the new 
year. This research project will be in alignment with the Shorebird Monitoring 
Evaluation Reporting and Improvement (MERI) Plan and would focus on monitoring 
of ecological and environmental factors such as water and sediment levels, 
vegetation (saltmarsh and mangroves), benthic organisms and potentially other 
aquatic ecological factors. 
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Appendix A ï NCIG Shorebird Compensatory Habitat Monitoring (Kleinfelder 
Consulting) 
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4. Shorebird Compensatory Habitat 

4.1. Migratory Shorebird Habitat Management 
Since completion of the migratory shorebird habitat creation in November 2016, 
some minor mechanical and electrical defects required rectification for the Smart 
Gate at Fish Fry Creek. This was completed in May 2017. 
Since achieving this and testing the functionality of the Smart Gate, NCIG is now 
working with the manufacturer of the gate and their subcontractors to modify the 
programming logic for the gate operation. This is currently being completed in order 
to have more flexibility with gate opening and closing, based on both time and water 
height. A proposal had been developed by the Uni of NSW for comprehensive use 
of the gate over a 12 month period. This will be submitted to NPWS once 
programming logic has been updated. 

4.2. Migratory Shorebird Habitat Monitoring 
Following the successful construction of Area E (Migratory Shorebird Habitat) in 
November 2016, Kleinfelder Consulting completed post-mangrove removal 
shorebird monitoring in December 2016, with General Flora and Fauna 
commencing in January 2017. The monitoring was undertaken fortnightly, from 
January to April 2017, with shorebird species observed across all ponds, including 
Fish Fry Flats as well as neighbouring ponds such as Swan Pond, Wader Pond and 
North-West Pond.  
The first Benthic study in Area E was undertaken in January 2017, following 
mangrove removal, by Environmental Resources Management (ERM) on behalf of 
NCIG. The aim of the study was to assess species richness and abundance across 
Area E, following significant physical change in comparison to baseline studies 
while mangroves were in situ. Results indicate that compensatory habitats are still 
in transition following the large scale mangrove removal suggesting a potential lag 
in the system; that is, total infauna species have remained relatively stable and the 
mangrove removal has not immediately created the epibenthic and 
macroinvertebrate communities typical of mudflats. Further monitoring is planned 
for MONTH to assist in understanding the trends in change over time.  
NCIG has also collaborated with the University of New South Wales (Water 
Research Laboratories) to undertake a research project in alignment with the 
Shorebird Monitoring, Evaluation, Reporting and Improvement (MERI) Plan. This 
research project focuses on monitoring of ecological and environmental factors 
such as water and sediment levels, vegetation (saltmarsh and mangroves), benthic 
organisms and potentially other aquatic ecological factors. Survey work for this 
commenced in January 2017, with follow up vegetation, ground surface and benthic 
surveys to follow later in the year. 
As the delivery of the Migratory Shorebird habitat was successfully completed, a 
submission has been made to the Department of Planning and Environment 
advising of the completion. This letter is specifically in regards to Conditions 2.20 
b) ii) (migratory shorebird habitat) and 2.20 f) (ameliorative works). (Note ï this was 

















 

 
 

SITE REPORTS 
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Appendix B ï Shorebird Monitoring tabulated results (General Flora and 
Fauna) 
 
  



Weather Activity (Ac) Codes Habitat (Ha) Codes

Temp (oC) recorded on site or from BoM F = feeding W = Shallow water

Wind speed (K/h) from BoM R = roosting M = Exposed mud or sand

Wind Direction from BoM B = Breeding SM = Saltmarsh vegetation

Precipitation (mm) recorded on site or from BoM A = Artificial structure

Date/Times

Date 4.1.17 4.1.17 6.1.17 14.1.17 20.1.17 20.1.17 6.2.17 9.2.17 9.2.17 11.2.17 23.2.17 23.2.17 5.3.17 6.3.17 6.3.17 25.3.17 25.3.17 25.3.17 4.4.17 4.4.17 6.4.17 12.4.17 20.4.17 20.4.17

Day Wed Wed Fri Sat Fri Fri Mon Thu Thu Sat Thu Thu Sun Mon Mon Sat Sat Sat Tue Tue Thu Wed Thu Thu

Time start 7.20am 1.50pm 9.30pm 10.30pm 9.20am 2.40pm 10.50pm 8.00am 2.30pm 10.10pm 7.10am 1.45pm 8.30pm 10.00am 4.10pm 6.45am 1.45pm 7.30pm 9.00am 3.00pm 10.30pm 9.20pm 9.30am 3.20pm

Time end 8.15am 3.00pm 10.40pm 11.50pm 10.40am 4.30pm 11.50pm 9.00am 3.30pm 11.00pm 8.23am 2.45pm 9.40pm 11.00am 5.30pm 7.45am 2.45pm 8.30pm 10.00am 4.00pm 11.30pm 10.20pm 10.50am 4.30pm

Weather

Temp (oC) 22 27 21 25 26 29 27 25 33 30 18 31 21 23 25 17 24 22 19 21 13 18 20 23

Wind speed (km/h) 20 24 31 24 20 11 22 13 19 13 15 26 13 24 46 7 17 17 15 31 17 24 2 19

Wind Direction ESE SSE ESE SE N NNW SE NNE ENE WSW NNE ENE SW SW SSW WSW ESE ESE SSE SE SE S NNW ESE

Precipitation (mm) 0 0 0 0 0 0 0 0 0 0 0 0 14 0.4 0.4 0 0 0 15 15 11 33 0 0

Tide

Day/Night Day Day Night Night Day Day Night Day Day Night Day Day Night Day Day Day Day Night Day Day Night Night Day Day

High/Low Low High Low High Low High Low High Low High High Low Low Low High High Low High Low High Low High Low High

Time 7.18am 1.33pm 9.59pm 11.36pm 9.34am 3.20pm 11.37pm 8.13am 2.53pm 10.28pm 7.20am 2.01pm 9.06pm 10.24am 4.28pm 7.28am 2.00pm 8.08pm 9.16am 3.29pm 11.30pm 9.41pm 9.42am 3.57pm

Height 0.65m 1.66m 0.45m 1.5m 0.79m 1.31m 0.55m 1.9m 0.3m 1.55m 1.64m 0.53m 0.56m 0.58m 1.31m 1.69m 0.46m 1.52m 0.54m 1.35m 0.69m 1.75m 0.67m 1.32m

Other

Observers GL GL GL, JL GL, JL GL GL GL, JL GL GL GL, JL GL GL GL, JL GL GL GL GL GL & JL GL GL Gl & JL GL & JL GL GL

Area E sub sites listed below

North West Pond No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha

0 = nothing 0

White-fronted Chat
Avocet, Red-necked 2 F W 11 F W

Cormorant, Great
Cormorant, Little Black
Cormorant, Little Pied
Cormorant, Pied
Curlew, Eastern
Darter
Dotterel, Black-fronted
Duck, Mallard/hybrid
Duck, Pacific Black
Duck, Pink-eared
Egret, Cattle
Egret, Eastern Great 1 F W

Egret, Intermediate
Egret, Little
Godwit, Bar-tailed 45 F W

Godwit, Black-tailed
Greenshank, Common
Gull, Silver
Heron, Striated
Heron, White-faced 1 F M 3 F SM 1 F W 2 F SM 4 F SM 6 F W 5 F W 12 F W

Ibis, Australian White 2 F W 3 F SM 1 F SM 2 F SM 5 F SM 1 F W

Knot, Great
Knot, Red
Lapwing, Masked 2 F SM 2 F SM 2 F W 4 F SM 2 F SM 2 F SM 2 F SM 2 F SM 2 F SM 2 F SM 2 F SM 4 F SM

Night Heron, Nankeen
Oystercatcher, Pied
Oystercatcher, Sooty
Pelican, Australian
Plover, Double-banded
Plover, Grey
Plover, Lesser
Plover, Pacific Golden
Plover, Red-capped
Sandpiper, Common
Sandpiper, Curlew
Sandpiper, Marsh
Sandpiper, Sharp-tailed
Sandpiper, Terek
Shoveller, Australian
Spoonbill, Royal 1 F W 1 F W 1 F W

Stilt, Black-winged 1 F W 1 F W 6 F W 2 F W 6 F W

Stint, Red-necked
Swan, Black
Tattler, Grey-tailed
Teal, Chestnut 17 F S 9 F W 2 F W 2 F W 12 F W 10 F W 17 F W 10 F W

Teal, Grey 6 F W

Tern, Caspian
Tern, Common
Tern, Crested
Tern, Gull-billed
Tern, Little
Tern, Whiskered
Tern, White-winged Black
Turnstone, Ruddy
Whimbrel

Species richness - 1 1 2 1 3 2 4 1 3 3 2 3 3 1 1 1 1 3 0 1 3 4 1 2

Total abundance - 2 2 19 9 5 3 56 1 7 5 6 5 20 2 4 1 6 14 0 1 21 29 5 16

Fish Fry Flat No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha No Ac Ha

0 = nothing
White-fronted Chat
Avocet, Red-necked 10 F W

Cormorant, Great
Cormorant, Little Black 1 R A 2 R A

Cormorant, Little Pied 1 R A 1 R A 2 R A

Cormorant, Pied
Curlew, Eastern 2 F SM 2 F M 3 F M 2 F M 1 F M 1 F M 1 F M

Darter
Dotterel, Black-fronted 4 F M

Duck, Mallard/hybrid
Duck, Pacific Black
Duck, Pink-eared











http://www.ncig.com.au/


http://www.ncig.com.au/


http://www.ncig.com.au/


http://www.ncig.com.au/


http://www.ncig.com.au/






















Kooragang Island Bell Frog Survey 2016-2017 
 

10 
 

amalgamated several islands to form todayΩǎ ΨYƻƻǊŀƎŀƴƎ LǎƭŀƴŘΩΦ ¢ƘŜ /ŜƴǘǊŀƭ ŀƴŘ {ƻǳǘƘern regions are 

separated from one another by the industrial railway and associated exclusion corridor, which dictates 

that each region be accessed via different roadways. The North-West and Central regions fall primarily 

within the Hunter Wetlands National Park, with the Southern region conversely zoned for industrial use. 

Some segments of the National Park are leased to stakeholders undertaking various rehabilitation 

projects. Substantial effort has been expended to recreate L. aurea habitat within the boundaries of the 

National Park, which was historically cleared and use as grazing land. Wetland infrastructure in the 

Industrial zone of the management site is primarily human made, and has significant success supporting 

large numbers of L. aurea, as determined in previous surveys.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Newcastle 

Figure 1A ς Contextual map describing the location of the Kooragang Island Management Zone within 

Australia, and the Greater Newcastle Area. The Management Zone is bounded in red.  
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supports this assertion, demonstrating significantly lower over-winter survival rates in infected (0.1) 

versus uninfected (0.56) individuals. This was in turn predicted to cause infected populations to decline 

at twice the rate of healthy ones (Stockwell, 2011). The chytrid fungus has also been implicated as the 

primary causal agent in the overwinter extinction of a reintroduced L. aurea population in the Hunter 

Region of NSW (Stockwell et al., 2008). The culmination of this evidence suggests that large-scale seasonal 

die-offs are common in L. aurea populations during cold periods, often remaining unobserved due to low 

frog detectability and reduced survey frequency. Such die-offs have serious implications for the ability of 

surviving populations to persist with infection, particularly given the potential for stochastic events such 

as drought or extreme weather events to introduce additional pressure (Stockwell, 2011) 

The majority of surviving L. aurea populations are found in coastal environments. This has led to the 

historical assertion that the sensitivity of the chytrid fungus to salt may explain the persistence of L. aurea 

in weakly saline environments (White, 2006, Stockwell et al., 2012). Significant negative correlations have 

been experimentally confirmed between infection load in captive L. aurea and the salinity of the water 

bodies they are kept in (Stockwell, 2011). Wild L. aurea inhabiting water bodies with up to 3.5 ppt salt 

were also found to have lower infection loads than those frogs not exposed to saline conditions. Indeed, 

any salt concentration above 2 ppt were found to be beneficial (Stockwell et al., 2015b, Stockwell et al., 

2015a). These results confirm that L. aurea has a survival advantage in areas with a saline influence, with 

this salinity offering a refuge from the effects of the chytrid fungus. The deliberate addition of salt to 

water bodies, both in captivity and experimental reintroduction, has been demonstrated to increase bell 

frog survival rates where the chytrid fungus is present (Stockwell, 2011). Thus, consideration of salinity is 

likely to prove a useful strategy when designing new wetland infrastructure within the Kooragang Island 

Management Zone. 

(b) The invasive mosquito fish Gambusia holbrooki 

Field observations have long recognized that Litoria aurea are less likely to breed successfully in wetlands 

infested with the invasive species Gambusia holbrooki, also known as the mosquito fish or plague 

minnow. Laboratory experiments have demonstrated predation of Gambusia upon amphibian tadpoles 

and eggs (Stanback, 2010, Mahony et al., 2013) even though dissection of wild caught mosquito fish 

shows little evidence of this consumption. More recent dietary analysis using stable isotopes has 

successfully confirmed both the predominately carnivorous diet of Gambusia, and a high rate of predation 

on native Australian tadpole species (Remon et al., 2016). L. aurea tadpoles do not show any avoidance 

or refuge seeking behaviors when introduced to Gambusia, further increasing their susceptibility (Hamer 

et al., 2002b). These findings stress the importance of designing wetland infrastructure to control for 

Gambusia infestation.  

Whilst the timing of the earliest L. aurea declines was coincident with the expansion of Gambusia into 

NSW (White and Pyke, 1996), numerous sites exist where L. aurea declined despite local water bodies 

being free of the predatory fish (Mahony et al. 2013). Indeed, several studies - including this annual survey 

report - have noted the co-occurrence of L. aurea tadpoles and Gambusia in the same water body; albeit 

on rare occasions (Sanders et al., 2015, Hamer et al., 2002a). Thus, the introduction of Gambusia is 

unlikely to be the primary causative factor in L. aurea declines. Nevertheless, mosquito fish certainly place 

additional strains on fragile populations, and efforts should continue to mitigate their impact and 

prevalence on Kooragang Island.  
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2. Methods 

2.1  Wetland sample sites 

Wetlands are included within the Whole Island Monitoring Program if:  

(1) they have been surveyed since the establishment of early monitoring programs on the Island 
(i.e. a Hamer study site (Hamer 1998)), or  
(2) they have since been identified as providing habitat for L. aurea, or  
(3) are newly created within key areas (e.g. HDC constructed wetlands within the Terminal 4 
industrial zone.  

From the programΩs commencement (2010/2011) 55 additional wetlands had been added by the 2015-
16 surveys, making a total of 78 wetlands surveyed. In 2016-17 we did not survey five of the wetlands 
that had been surveyed in the previous year (K6, K27, K30B, K44, and K47; these had consistently had 
very low numbers of L. aurea). Thus, we surveyed a total of 73 wetlands in 2016-17 (Figure 2.1.1). 
 
Wetlands recently constructed under the Compensatory Habitat Environmental Management Programs 
(CHEMPs) under the management of NCIG and BHP, are surveyed separately to the Whole Island 
Monitoring Program. However, some data from those surveys are presented here to provide a more 
comprehensive overview of the Kooragang Island population of L. aurea (Figure 2.1.1, Figure 2.1.2). 
Importantly, these programs have increased the number of breeding wetlands and the population of L. 
aurea in the central and north-west of the island. 
 
To maintain consistency, ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǎŀƳǇƭŜ ǎƛǘŜ ƴƻƳŜƴŎƭŀǘǳǊŜ Ŧƻƭƭƻǿǎ IŀƳŜǊΩǎ ƴǳƳōŜǊƛƴƎ 
scheme and has been extended to the additional wetlands; refer to Figure 2.1.2 and Figure 2.1.3 for 
details of and numbering. 
 
Wetlands are grouped into three geographical zones; 1) North-Western, 2) Central, and 3) Southern.   

1. North-western: this zone includes the National Park from the Sandgate bridge in the south to 
Scott's Point in the north, and has an area of 377 ha. Within this zone there are 14 wetlands 
sampled as part of the program this year. Overall the zone has experienced a range of 
disturbance histories, including, grazing, clearing, draining, impounding, flood-gating and other 
types of human development. 

2. Central: this zone also includes part of the National Park Estate. It ranges from the south where 
wetland sample sites are found adjacent to Bell Frog Track, to north at Milam Rd and 
terminating at the north arm of the Hunter River. Overall this zone has an area of 293 ha, of 
which 90% is mangrove forest community. Within this zone there are 22 wetlands sampled as 
part of this program.  Compared to the North-western zone this zone has been less impacted by 
human activity. Nonetheless, there is evidence of historic disturbance, including clearing, 
draining, impounding, road construction, utility easements, and flood-gating. 

3. Southern: Wetlands in this zone are located on industrial and commercial lands leased or 
owned by organisations undertaking a range of business activities on the site. Within this zone 
there are 38 wetlands sampled as part of this program, with a wide variety of types and sizes 
represented in the overall area of 346ha. As could be expected given the industrial/commercial 
nature of this zone it has both historically modified and continues to be a modified and 
disturbed part of the site. Nonetheless, the wetlands within this zone are easily delineated and 
in numerous cases removed from industrial activities. Compared to the rest of the site, this has 
undergone the greatest level of historical disturbance and continues to be impacted by human 
activity. 
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Figure 2.5.1: Search effort and L. aurea captures and detections across the 2016-17 survey period, shown alongside rainfall.  Captures in primary VES are distinguished from 

captures in other periods (i.e. CMR surveys). óOther detectedô is animals not captured (pooled across all survey types). 
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Demographic composition and effective population size 

 

To construct the age-class structure of the bell frog population we determined the age of individual frogs 

collected by using a growth curve for bell frogs developed on Kooragang Island (see Hamer et. al., 2007 

for a description of the method used to construct and verify the growth curve).  This approach relies on 

knowing the relationship between body length, measured as snout to vent length (SVL), and the age of 

the frog. Since bell frogs have seasonal reproduction (the summer season when reproduction occurs and 

tadpoles usually metamorphose) most individuals can be placed in a yearly cohort, although animals that 

overwinter as tadpoles and metamorphose early in the season are known and add a level of complexity 

to identifying cohorts.  Thus, it is possible to assign all individuals to size-classes and express the 

population demography in age cohorts.  In addition to body length the body mass of frogs can be related 

to age and can also be related to animal condition.  

 

Designation of adult males, adult females, and sub-adult females. 

In previous years, we categorised animals into these overall age classes by using body length (measured 

as SVL), based on the analysis of Hamer et al. (2008).  

 

Adulthood is defined as the capacity to reproduce. In 2015-16, for males this was designated at a SVL of 

>44 mm), and for females at SVL > 68 mm). Adult bell frogs are sexually dimorphic; females reach a large 

body size and mass than the equivalent aged males. This provides the scheme used to interpret age/sex 

Ŏƭŀǎǎ Řŀǘŀ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ ŀƴŀƭȅǎƛǎΥ 

 

Age-class determination: 

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

o Body length < 44 mm and nuptial pads not apparent  Ą Juvenile (sex unknown) 

o Body length > 44 mm, nuptial pads not apparent  Ą  juvenile females 

o Body length > 68 mm, nuptial pads not apparent  Ą  adult female. 

 

The very large number of captures in 2016-17 (see Section 3) provided the opportunity to tests these 

categories quantitatively.  Males were determined on the basis of nuptial pads. Since females are 

identified on the basis of the absence of these pads, there is some uncertainty as to what point a small 

bell frog can be considered a sub-adult female as opposed to a juvenile. 

 

Plotting the percentage of males captured against SVL (Figure 2.6.2) indicates that, between 50 mm and 

60 mm SVL adult males are consistently 60% of the population. At 48 mm, about 35% of captured animals 

display nuptial pads, but above 49 mm 60% do.  An animal above 49 mm without nuptial pads is therefore 

a sub-adult female (until large enough to be considered an adult female). 

 

DǊŀǾƛŘ ŦŜƳŀƭŜǎ Ŏŀƴ ōŜ ŘŜǘŜŎǘŜŘ ōȅ ΨŎŀƴŘƭŜ-ƭƛƎƘǘƛƴƎΩΣ i.e. placing a bright light such as a head-torch against 

their back, and looking at the silhouetted visceral organs from the ventral surface (Figure 2.6.3). Large 

females were checked for gravidity ad hoc. The smallest females to be found gravid were 58 mm SVL., 

and by 68 mm 100% of inspected females were gravid. The onset of adulthood for females is therefore 

less than 68 mm (used last year); we used a length of 58 mm in this analysis. Note that this is quite 
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3. Results 

3.1. Survey Counts 

 

 Round 1 Round 2 Round 3 

  Total  Total  Total 

Detections  1,385  1,414  927 
Captures  958  863  273 
Tagged  871  732  332 
Unique  705  593  273 

 

Table 3.1.1: Summary data from all surveys in 2016-17 season. óDetectionsô refers to total encounters (i.e. captures 

and non-capture observations. Tagged animals are those that had a PIT, and includes first time captures of animals 

>40 mm SVL, and subsequent recaptures of those animals. Because some individuals are encountered and captured 

multiple times, óDetectionsô, óCapturesô, and ñTaggedô will all provide overestimates of the number of unique 

individual frogs actually encountered (óUniqueô).  

 

There were slightly more frogs detected in the second round than in the first round, and numbers were 

lower by round 3. However, captures were highest in round 1.  Similarly, the highest number of unique 

individuals ς 705 ς was in the first round, with only 273 unique animals captured by the third round. 

 

 

Region (detections) VES Total 

Northern island 1 1 

Central island 178 711 

Southern island (T4) 1194 3014 

 

Jurisdiction (detections) VES TOTAL 

NPWS wetlands 56 56 
PoN wetlands 123 656 
PWCS wetlands 656 2,473 
NCIG wetlands 83 86 
HDC wetlands 403 403 
BHP (HDC) wetlands 46 46 
RMS wetlands 6 6 

 

Table 3.1.2: Location (summary) and jurisdiction of L. aurea detected. 

 

The Whole Island Monitoring Program detected very small numbers of L. aurea in the northern part of 

the island; only 1 frog was seen during these surveys. (There are more L. aurea present in the northern 

part of the island, but these are mainly located in the recently constructed NCIG CHEMP wetlands ς see 

Figure 3.2.2). The Central region has moderate numbers (note that the BHP CHEMP survey numbers ς see 

again Figure 3.2.2 -  are in addition to these). By far the greatest number of bell frogs can be seen around 

the industrial Terminal 4 site on the southern end of the island. In broad terms, this distribution pattern 

is consistent with the 2015-16 results. 
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Size classes and cohorts 

All captures 

 

Figure 3.4.4: Frequency distribution of different sized animals captured, for VES and CMR surveys. Size is 

measured by snout-vent length (SVL), and size categories are measurements óbinnedô into 2 mm groups, i.e. the 

frequency of animals 56 mm > SVL >= 58 mm is shown in the column labelled ó58ô.  Top; all captures where 

demographic data was recorded. Below: óNon Recapô shows only unique PIT tagged individuals (generally, SVL > 

40 mm), i.e. with recapture data removed.  See Fig. 3.4.1 for legend. 

Although the number of unique individuals captured (1,232) is about half the total number of captures, 

the proportions different sex and size classes is similar between the two summaries, suggesting that 

data on total captures can be used to visualised the range of ƛƴŘƛǾƛŘǳŀƭΩǎ presence without being 
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All captures, by round 

 

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

See Fig 3.4.1 for legend and Fig. 3.4.4. for explanation of size classes. 

The high numbers of large juveniles in round 1 (late Nov to Dec) likely represent animals that 

overwintered as tadpoles, or which metamorphosed in late summer 2016 (e.g. the large number of 

metamorphs seen at K106A and B in Feb 2016). The pulse of mid-sized juveniles in round 2 are probably 

animals that were laid in early Spring 2016 and which were detected as metamorphs in round 1; these 

animals are large juveniles by round 3. 

The largest number of adult females were captured in round 2, even though overall capture numbers 

were lower than round 1 (see Fig 3.4.1).  Although overall capture numbers are smaller still in round 3, 

the proportion of large adult females remained high.  
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K104 

 
 

 
Figure 3.4.7: Frequency distributions for K104 wetland. Refer to Fig., 3.4.6 for explanation of charts. 
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K22/23 

 

 
 

Figure 3.4.8: Frequency distributions for K22/23 wetland. Refer to Fig., 3.4.6 for explanation of charts. 

 

K22/23: A pulse of large juveniles in the first round may represent animals that metamorphosed in the 

late summer of the previous year (there were a large number of very small juveniles detected at this 

wetland in February 2016). By the second round overall numbers are low. Data for the third round is not 

included in the present analysis.  

 





Kooragang Island Bell Frog Survey 2016-2017 
 

66 
 

K106C 

 
 

Figure 3.4.10: Frequency distributions for the small K106C wetland immediately west of K29. Refer to Fig., 3.4.6 

for explanation of charts. 

 

K106C: This is a very small wetland immediately south-ǿŜǎǘ ƻŦ YнфΣ ƛƴ ǘƘŜ ƴŜȄǘ ΨŎŜƭƭΩ ƻǾŜǊΦ Lǘ ƛǎ ŀ ŘŜŜǇ 

waterhole, not more than 4 metres across, and shaded by tall trees and bushes. It lies within the same 

bunding as K106B, which is a shallow ephemeral wetland that (together with the adjacent K106A) saw a 

large breeding event following high rainfall in early January 2016.  

K106C was surveyed in round one using a VES count only (for logistical reasons); that survey detected 60 

L. aurea in the space of 10 minutes, which is one of the highest densities of bell frogs on the island (note 

that, due to lack of captures, the results of that survey are not included in the above figure). That density 

of frogs, which can be visualised by the Search Sensitivity result (Figure 3.21) is comparable with the 

highest densities of frogs recorded this year (at the HDC wetlands K111 and K114); however, unlike the 

HDC wetlands, the animals at K29C are mainly adults (and included the largest female captured this year).  

Even though this wetland is small, it (together with K29) is presumably an important part of the habitat 

mosaic for L. aurea in the northern part of T4.  

Potential factors that may underlie its importance are: its depth, the lack of Gambusia, its cover by 

vegetation (some of the densest tall vegetation in this part of T4), its proximity to a large permanent 

wetland (K29), and its proximity to large shallow ephemeral wetlands that provide suitable breeding 

habitat (K106 A and B). 
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Data on growth can be visualised by individual animals (Figure 3.5.3), but pooled growth data can be 

analysed quantitatively (Figures 3.5.4, 3.5.5).  

Growth across surveys seasons can be traced for 56 frogs (Figure 3.53 A, B, E, F) Figure 3.5.3 also shows 

a sample of within-season data for 32 frogs in the 2014-15 survey season (Figure 3.5.3 C, D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5.4: Pooled growth (delta SVL) plotted against time (delta t) since first capture.  Data is grouped into 

series according to size at first capture: for example, series ó40ô comprises frogs 40mm <= SVL < 50 mm. Frogs 

that were small at first capture showed more and faster growth at first capture. The wide scatter at the left side of the 

chart suggests a high degree of error in measuring SVL. Insert table shows number of frogs in each starting-size 

class in the first season of capture, and percentage persistence to subsequent survey seasons. Note linear regressions 

are shown for illustrative purposes only; these do not represent growth curves.   

Pooled data shows that the degree and rate of growth is highest for animals first tagged at 40-49 mm SVL, 

as expected. The rate of growth is less for frogs that were first caught at 50-59 mm and 60-60 mm SVL, 

although the degree of growth detected is higher for the 50-59 mm group (again, as expected).  

Persistence to the next season is higher for these two size groups; animals that were < 50 mm or >70 mm 

have lower persistence to the next season. This is a function of (1) higher mortality rates of smaller (i.e. 

younger) animals, and (2) higher mortality rates of larger (i.e. older) animals. This pattern is consistent 

with the low rates of between-season recaptures shown in Table 3.5.1. 

Label 
size at first 
capture 

n 1st 
season 

% 2nd 
season 

% 3rd 
season 

30 30-39 mm 5 0% 0% 

40 40-49 mm 85 10% 1% 

50 50-59mm 248 15% 3% 

60 60-69 mm 135 12% 5% 

70 70-79 mm 26 5% 0% 



























 

89 
 

less important than Phragmites sp. in this data set (88 versus 89 respective encounters), given the 

difficulty of searching for frogs amongst this sharp and dense vegetation, it is likely that our results 

underestimate the importance of J. acutus as a micro-habitat.  

Given its invasive status, it might seem on face value removal of dense Juncus acutus from wetlands is a 

positive methodology for encouraging growth of native vegetation; we would recommend such activity 

proceed with caution, and only in a staged manner so that replacement vegetation has an opportunity to 

develop. Removal of vegetation, especially during the over-wintering season, could not only directly harm 

L. aurea if done through mechanical means, but may also leave local populations without a critical refuge 

whilst they are not active enough to find alternative shelter. Furthermore, whilst native vegetation may 

colonise cleared regions within a few years, the speed of colonisation may not be rapid enough to support 

a stable population; especially where L. aurea are already dealing with chronic disturbances including 

Gambusia infestation and chytridiomycosis. At the very least, removal projects should aim to replace J. 

acutus with native Juncus sp., and furthermore, monitor this new vegetation to ensure it is establishing 

successfully. 

Influence of rainfall seasonality on development rate 

Results indicate that the development rate of L. aurea offspring from eggs to juveniles is flexible, and can 

vary contingent upon the timing of the initial breeding event. Rain events early in the breeding season 

(spring), can result in rapid growth and development of tadpoles, which metamorphose as early as 

December, and grow to adult size by March; an entire life cycle for males in a single breeding season. This 

style of rapid development is what we observed in early in the 2016-17 season. A middle case is observed 

for mid-ǎǳƳƳŜǊ Ǌŀƛƴǎ όŀǎ ƻōǎŜǊǾŜŘ ƛƴ ƭŀǎǘ ȅŜŀǊΩǎ нлмр-16 breeding season) with offspring 

metamorphosing by February, but over-wintering as juveniles rather than adults; thus, individuals take 

more than one breeding season to make it to adulthood. Conversely, late season breeding (e.g. autumn 

rains) may lead to offspring which over-winter as tadpoles, and do not metamorphose until temperatures 

warm up the following spring, and as a consequence are juveniles though the summer with males 

reaching maturity late in the breeding season (autumn). 

The capacity of tadpoles to alter growth rate in response to environmental conditions is well established 

(Denver, 1997). However, there is limited empirical evidence of this occurring in wild L. aurea. The 

implications of different growth rates for survival of offspring is interesting to consider. Research has 

demonstrated that whilst rapid development and metamorphosis may aid tadpoles in escaping aquatic 

predators and reaching adult-hood more quickly, there are negative trade-offs in terms of survivorship 

and reproductive fitness (Smith, 1987, Denver, 1997). Essentially, slower development and more time 

spent in the aquatic tadpole stage allows frogs to metamorphose at a larger size, and with greater fat 

reserves. These two factors make individuals more resistant to environmental stressors, such as disease, 

and leave more surplus energy for reproduction (Smith, 1987). Furthermore, tadpoles are not susceptible 

to chytridiomycosis and as the disease is most threatening in colder environments, overwintering as a 

tadpole could greatly enhance survivorship for L. aurea individuals. Of course, an entire winter spent as a 

tadpole does have its risks, especially when extended dry spells as witnessed this year may cause wetlands 

to dry up. Tadpoles may also need to avoid predation by Gambusia if this invasive species is present. Thus, 

there is no right or wrong time for L. aurea to be breeding, but clearly, reproductive effort spaced out 

across multiple times within a season is likely to improve the odds of offspring surviving to themselves 

become reproductively active.   
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only recently completed (constructed in 2015), they have not yet developed dense, mature stands 

of emergent vegetation. Nonetheless, L. aurea occupy them and they have been used for 

breeding (McHenry et al., 2016ύΦ ¢Ƙƛǎ ȅŜŀǊΩǎ ŜǾƛŘŜƴŎŜ adds to the proposition that ecologically 

they are an early colonising or early successional species (Pyke and White 2008).   

Life history strategy: high dispersal capacity and/or philopatry? 

Typically, early colonising species have a high reproductive output, good dispersal capacity and show 

phenotypic plasticity. These general features are shown by L. aurea ς females produce large egg clutches 

relative to many of their relatives among the Australian tree frogs; the capacity for adult and juveniles to 

move across terrestrial habitats and among wetlands has been amply demonstrated on Kooragang Island; 

and there is often low competition and few established predators in early successional habitat. There are 

ecological trade-offs for being a colonising and opportunistic species; often when habitats are stabilised 

(climax in a succession) colonising species are at a competitive disadvantage with species adapted to 

stable (permanent)e habitats. Colonising species have a strategy of occupying sites that have some chance 

of failing. For L. aurea this occurs when the breeding site selected is so ephemeral that it will not support 

full tadpole growth and development.  While there is a considerable literature that reports L. aurea as 

being capable of dispersing there is little information on the context of that dispersal. On Kooragang Island 

most dispersal is associated with heavy rainfall events that trigger movement of adults to ephemeral 

wetlands. Heavy rainfall or cumulative rainfall is likely to be the prime trigger since it also indicates to the 

frogs that the ephemeral wetlands that are used will not dry prematurely. We are somewhat intrigued by 

the emphasis that is placed on dispersal, while noting that it is important for reproduction, it is also 

apparent that many L. aurea on Kooragang Island do not move any great distance in a season. The great 

majority of recaptured frogs are in the same wetland where they were first caught and marked. This has 

two important implications for management; favoured wetlands provide important habitat for foraging 

and shelter over long periods, and movement when it occurs is related to a specific component of the life 

history, and that is to reproduce. Once again, this is what is referred to as the importance of the habitat 

mosaic (Hamer et. al. 2008). To date there has been little quantification around aspects of this observed 

habitat of the L. aurea, but the long-term study on Kooragang Island demonstrates that its important 

constituents are the mix of permanent and ephemerality wetlands and the distance between them, and 

less so on the size of the wetlands. While these latter features may be correlated with permanency and 

ephemerality, it is not necessarily the case. On Kooragang Island K23 is a relatively small permanent 

wetland and K22 is a relatively large ephemeral wetland, whereas in other cases K29 is a relatively large 

permanent wetland and nearby ephemeral wetlands are relatively small. 

Inter-seasonal variation in search sensitivity: Central Island Region 

Survey methods are standardised and did not ŘƛŦŦŜǊ ŦǊƻƳ ƭŀǎǘ ȅŜŀǊΩǎ ƳŜǘƘƻŘǎ for the wetlands 

immediately west of K22/K23 along Bell Frog Lane (K13, K63, K20 complex etc.). Despite this methodical 

ŎƻƴǎƛǎǘŜƴŎȅΣ ǎŜŀǊŎƘ ǎŜƴǎƛǘƛǾƛǘȅ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ŦƻǊ ǘƘƛǎ ǎŜŀǎƻƴ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ƭŀǎǘ ȅŜŀǊΩǎΦ It is 

important to note here that the absolute number of detections was still low (<10), but nevertheless, given 

the topography of this region, it is interesting to speculate about why search sensitivity is higher. The 

most likely explanation is a retraction of the local population to the several semi-permanent water bodies 

which we survey in this area. After significant rainfall events - like the one observed in the previous 2015-

16 survey - this low-lying region becomes an extensive floodplain and we susǇŜŎǘ ǘƘŀǘ ƭŀǎǘ ȅŜŀǊΩǎ ƭƻǿ 

search sensitivity was due to dispersal of adults into adjacent and highly ephemeral flooded grasslands. 
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It is not possible to ascertain for certain whether frogs retracted to the permanent wetlands that are 

ǎǳǊǾŜȅŜŘ ŀǎ ǘƘƛǎ ȅŜŀǊΩs survey season became progressively dryer, or alternatively adults overwintered at 

these permanent wetlands in 2016 and simply had no opportunity to disperse given the lack of large 

rainfall pulses.  If this is the case one would predict a dispersal to late in the summer season to permanent 

wetland that provide overwintering habitats. 

 

The success of new capping wetlands 

Results for both search sensitivity and total detections demonstrate that the new HDC capping wetlands 

(K111-K114) are performing exceptionally well. Detection probability for this year was only marginally 

ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ ŘŜǘŜǊƳƛƴŜŘ ŦƻǊ ƭŀǎǘ ȅŜŀǊΩǎ ǊŜǎǳƭǘǎ όнлмр-16), when pooled across all four wetlands. 

IƻǿŜǾŜǊΣ ǿƘƛƭǎǘ ƭŀǎǘ ȅŜŀǊΩǎ ǎǳǊǾŜȅǎ ŘŜƭƛǾŜǊŜŘ ŀ Ǌƻōǳǎǘ ƴǳƳōŜǊ ƻŦ ŜƴŎƻǳƴǘŜǊǎ όмс ǘƻǘŀƭύ, this year that 

number has increased to more than 200 individuals. Much of this increase can be attributed to a high 

density of metamorphs and juveniles in wetlands K111 and K114, but the total number of adults has 

increased as well.  

 

Not all four of these capping wetlands are performing equally well; this is likely attributable to 

inter-seasonal variations in rainfall. K114 is by an order of magnitude the most occupied wetland, with 

K111 also making a significant contribution. In contrast K113 (which was an important breeding site in 

2015-16) and K112 were both without detections in 2016-17. When considering the overall seasonal 

rainfall and hydrology of these wetlands, this makes sense as both wetlands were almost completely dry 

during survey rounds. Nevertheless, the first season in which we observed these wetlands (2015-2016) 

ǘƘŜ ǎŜŀǎƻƴŀƭ ǊŀƛƴŦŀƭƭ ǿŀǎ ŀōƻǾŜ ŀǾŜǊŀƎŜΣ ŀƴŘ ǘƘƛǎ ȅŜŀǊΩǎ ǊŜǎǳƭǘǎΣ ƳŀŘŜ ƛƴ ŀ ȅŜŀǊ ƻŦ ǿŜƭƭ ōŜƭƻǿ ŀǾŜǊŀƎŜ 

seasonal rainfall, demonstrates the difference that can occur from one breeding season to another. 

Rather than simply comparing the value of wetlands on a short-time frame, the outcomes demonstrate 

the functionality of wetlands as L. aurea habitat under different climatic conditions.   

 

The grouping of wetlands is still clearly working well as a habitat mosaic, and perhaps in a more normal 

rain year, the drying out of wetlands K112 and K113 is likely to be useful since this provides ephemeral 

wetlands for breeding. We have ample evidence that L. aurea will rapidly occupy and breed in ephemeral 

wetlands, and that therefore they are important part of the habitat mosaic that supports viable 

populations of this frog (McHenry et. al, 2016, Clulow et. al 2012). Whether ephemeral wetlands provide 

a habitat with higher reproductive output for the L. aurea is unknown, but several studies have 

demonstrated that ephemeral wetlands have fewer competitors, higher available nutrients and lower 

number of predators than permanent wetlands (Egan and Paton, 2004, Babbitt and Tanner, 2000). It is a 

reasonable biological assumption that this is the case for L. aurea, and this supports efforts to develop a 

habitat mosaic of permanent and ephemeral wetlands of varied sizes and spatial placement when 

constructing compensatory habitat for L. aurea. That this strategy works effectively in situations where 

wetlands are constructed to meet other management objectives such as siltation or drainage wetlands is 

a bonus. The success of capping wetlands K111-K114 is evidence that with our growing knowledge of L. 

aurea’s habitat preferences, we can take advantage of earthworks within the Industrial areas to build an 

increasingly robust meta-habitat within the Kooragang Island Management Zone.  
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Return to occupancy for K29- in spite of Gambusia 

Wetland K29 provided strong outcomes this year in terms of both captures and detections. Historically 

this has been deemed a critical wetland for L. aurea’s persistence (Clulow et. al. 2014). However, last 

years (2015-16 season) results were an exception to this trend, with only 29 individuals being detected 

during standardised VES and CMR surveys. It is informative to see this wetland with high occupancy again 

in 2016-17, with the results implying that last yearΩs was in many ways an anomaly. We postulate that 

this was likely due to very high rainfall and associated flooding in the breeding season of 2016, which 

resulted in the opportunistic dispersal of adult frogs away from this wetland to suitable nearby breeding 

sites, notably K106A/B. It is most likely that this site continues to be favoured because it is a permanent 

wetland, and may also offer a warm and protected refuge due to its construction below the land surface.  

 

It is also important to note the presence of a considerable number of juveniles detected in K29 across all 

three survey rounds. Whilst it is of course possible that juveniles migrated to K29 from surrounding water 

bodies, given the very steep topography that separates K29 from adjacent wetlands, it is equally likely 

that breeding occurred unobserved in K29 during the previous 2015/2016 season. Furthermore, the 

detection of several metamorphs within the wetland is all but conclusive evidence that breeding occurred 

in the wetland during the current 2016/17 season. Whilst juveniles have been observed to migrate 

considerable distances (see 2011-12 results) metamorphs are almost certainly incapable of crossing the 

steep topography at the edges of K29. Hence, we can conclude that not only did breeding go unobserved 

despite intensive survey effort, but tadpoles managed to survive to metamorphosis in the presence of 

high Gambusia density. Gambusia has been demonstrated both experimentally and in the field to prey 

on L. aurea tadpoles (Remon et al., 2016, Stanback, 2010). Thus, the survival of any offspring to juvenile 

stage is encouraging, and suggests that K29 functions as more than just a refuge for adult L. aurea.  

 

4.5 Demographics  

Population composition 

Pie Charts ŘŜǇƛŎǘƛƴƎ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴΩǎ ŘŜƳƻƎǊŀǇƘƛŎǎ (Figures 3.4.1 & 3.4.2) illustrate that the composition 

was remarkably similar across the distinct separate survey rounds. This suggests that the ǇƻǇǳƭŀǘƛƻƴΩǎ 

composition has remained consistent throughout the entire breeding season. Several previous surveys 

ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ǎƛƎƴƛŦƛŎŀƴǘ ΨǇǳƭǎŜǎΩ ƻŦ ƴŜǿ ƳŜǘŀƳƻǊǇƘǎ ŀƴŘ ƧǳǾŜƴƛƭŜǎ όǘȅǇƛŎŀƭƭȅ ŦƻƭƭƻǿƛƴƎ ƳŀƧƻǊ ǊŀƛƴŦŀƭƭ 

events) have been added to the population between survey rounds; this has necessarily altered 

ŘŜƳƻƎǊŀǇƘƛŎ ŎƻƳǇƻǎƛǘƛƻƴ ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ ȅŜŀǊΦ LƴǎǘŜŀŘΣ ǘƘƛǎ ȅŜŀǊΩǎ Řŀǘŀ ǎǳƎƎŜǎǘǎ ǘƘŀǘ Ƴƻǎǘ ǇƻǇǳƭŀǘƛƻƴ 

recruitment occurred either during late summer in 2015-16 or alternatively, in early spring of 2016-17, 

before and during our first survey round. The demographic information also implies less migration of 

specific demographic groups (e.g. adult females) in and out of surveyed wetlands throughout the 

breeding season, and again is evidence of limited dispersal into ephemeral wetlands and floodplains 

during the 2016-17 breeding season. 

 

!ǎ ƛƴ ǇǊŜǾƛƻǳǎ ȅŜŀǊǎΣ ƳŀƭŜǎ ŘƻƳƛƴŀǘŜ ǘƘŜ ŎŀǇǘǳǊŜ ǊŜǎǳƭǘǎΦ  bŜǾŜǊǘƘŜƭŜǎǎΣ ŎƻƳǇŀǊŜŘ ǘƻ ƭŀǎǘ ȅŜŀǊΩǎ ŦƛƴŘƛƴƎǎ 

- where males out-numbered females 7:1 -  this seasons male to female ratio (of circa 1.3: 1) has returned 

ǘƻǿŀǊŘǎ ŀ ƳƻǊŜ ƘƛǎǘƻǊƛŎŀƭ ΨƴƻǊƳŀƭΩ όƘƛǎǘƻǊƛŎŀƭƭȅ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ ŀ ǎƭƛƎƘǘ ŘƻƳƛƴŀƴŎŜ ƻŦ ƳŀƭŜǎΣ ōǳǘ ǘƘƛǎ Ǌŀǘƛƻ 

has generally not exceeded 1.5:1). This is a positive change for the Kooragang Island population. Historical 
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