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Figure 2-4: Aerial Photograph of NCIG Terminal
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Figure 4-12: Green and Golden Bell Frog Surveyed Areas 
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The results of the monthly surveys conducted on Deep Pond North and Deep Pond South during the 2017 calendar year are illustrated 

by Table 4-14 and Table 4-15. The aim of the monitoring program is to identify the pattern of usage of Deep Pond North and Deep 

Pond South by all birds over the annual cycle and determined the extent of any potential impact by the NCIG activities on this usage. 

A summary of observations by Hunter Bird Observers Club is as follows: 

¶ Two migratory shorebird species were recorded at Deep Pond North in 2017, compared to none in in 2016.  

¶ Four species of resident shorebird were recorded at Deep Pond during 2017, being Masked Lapwing, Black-fronted Dotterel, 

Black-winged Stilt and Red-necked Avocet.  Diversity and abundance were noted to be particularly high early in 2017  

¶ Numerous waterfowl such as ducks, swans and grebes and other waterbirds such as herons, egrets and ibis were recorded in 

2017. 

¶ Several species listed as Vulnerable under the Biodiversity Conservation Act 2016 were observed utilising Deep Pond North 

during 2017, including White-bellied Sea Eagles, and several Passerine species. 
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NCIG conducted another two rounds of the Community Support Program in the 2018 financial year. This process involved 

engagement with local community groups and providing support to community-based events and projects. The Program seeks 

applications on a six-monthly basis from community groups that are seeking support for their endeavours. NCIG undertakes an 

assessment process and provides primarily financial support to these community events and projects. NCIG participated with the 

community groups in these project and events wherever possible.  

Through this process groups within the Fern Bay, Stockton, Mayfield and greater Newcastle area were assisted by NCIG. A total of 

$197,980 was contributed through the Community Support Program to groups within the four NCIG community investment focus 

areas (community, environment, health and education). Figure 4-19 provides a breakdown of the contributions made to each of the 

focus areas.  A full list of recipients is provided in Appendix 8.  

 

Figure 4-19: Focus area breakdown of contributions through the Community Support Program 

The NCIG website answers commonly asked questions and provides opportunities for interested community members to get in 

contact with NCIG staff. 

NCIG prepared a Sustainability Report for the 2018 financial year and this report is available on the NCIG website. The Sustainability 

Report highlights key achievements conǎƛǎǘŜƴǘ ǿƛǘƘ b/LDΩǎ Sustainability Development Policy in regard to people, critical 

infrastructure, the environment and contribution and engagement.  

The chronology of community liaison held during the reporting period is outlined in Table 4-17 below.  

Table 4-17: Community Liaison Summary 

4.11.3 Reportable Incidents 

No incidents were reported relating to community relations during the reporting period. Complaints received during the period are 

detailed in the section above. 

4.11.4 Further Improvements 

During the next reporting period NCIG will include a Community Partnership Program which will extend on the Community Support 

Program which aims to increase community engagement. The Community Partnership Program is a three year program designed to 

develop a close association with an organisation or group who is seeking to implement a grassroots project of significance that 

benefits the wider community. 

$67,315 

$38,570 $13,255 

$78,840 

Community Education Environment Health

DATE TYPE 

Spring 2017 Community Newsletter 

September 2017 Community Support Program ς submissions called, 20 successful applicants. 

Summer 2018 Community Newsletter 

March 2018 Community Support Program ς submissions called, 26 successful applicants.  

Autumn 2018 Community Newsletter 
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Table 5-1: Compliance Status Summary 

APPROVAL/LICENCE 
CONDITION 

CONDITION COMPLIANCE DETAILS COMPLIANCE STATUS 

2.50 In the event that stormwater runoff 
collection cannot meet the water 
demand of the Site, treated 
wastewater, if available from the 
relevant water authority, shall be 
used preferentially over potable 
water for the purposes of dust 
control, unless otherwise agreed by 
the Director-General. 

Partial Compliance. Discussions were held 
with the Hunter Water Corporation in 
relation to utilising treated wastewater as a 
part of the NCIG operations during the early 
stages of construction. While wastewater is 
currently available for utlisation, cost and 
supply management make it an unviable 
option. Liaison with Hunter Water 
Corporation is ongoing in relation to this 
matter. 

Cost and supply 
management make the 
utilisation of wastewater 
an unviable option. 
Liaison with Hunter 
Water Corporation is 
ongoing in relation to 
this matter. 

6.2 Prior to the commencement of 
construction of the project, the 
Proponent shall ensure that the 
following are available for 
community complaints and 
enquiries for the life of the project 
(including construction and 
operation):  

a) a telephone number on which 
complaints and enquiries about 
construction and operational 
activities at the Site may be 
registered. 

b) a postal address to which written 
complaints and enquires may be 
sent. 

c) an email address to which 
electronic complaints and enquiries 
may be transmitted. 

The telephone number, the postal 
address and the email address shall 
be displayed on a sign near the 
entrance to the Site, in a position 
that is clearly visible to the public, 
and which clearly indicates the 
purposes of the sign. This 
information is also to be provided 
ƻƴ ǘƘŜ tǊƻǇƻƴŜƴǘΩǎ ǿŜōǎƛǘŜΦ 

Partial Compliance. NCIG has established a 
complaints telephone number (1800 016 
304); postal address (PO Box 644 Newcastle 
2300) and email address 
(enquiries@ncig.com.au). The required 
details are displayed on the NCIG website 
(www.ncig.com.au). Although, NCIG does 
not currently have a sign displayed near the 
entrance with the required details. This has 
now been rectified. 

NCIG complaints 
facilities have been 
maintained, including a 
24-hour complaints 
telephone number (1800 
016 304); postal address 
(PO Box 644 Newcastle 
2300), email address 
(enquiries@ncig.com.au) 
and NCIG website 
(www.ncig.com.au). All 
complaints that have 
been received are 
managed through these 
facilities. NCIG have re-
installed signage with 
relevant contact details.
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APPENDIX 1 

METEOROLOGICAL (OTHER THAN RAINFALL) SUMMARY 
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TABLE A1.1 METEOROLOGICAL STATISTICS BY MONTH 

MONTH WIND SPEED SIGMA THETA SOLAR RADIATION 

Monthly 
average 

Hourly 
min 

Hourly 
max 

Monthly 
average 

Hourly 
min 

Hourly 
max 

Monthly 
average 

Hourly 
min 

Hourly 
max 

m/s m/s m/s W/m² W/m² W/m² 

July 2017 3.2 0.2 10.8 14.7 2.8 93.6 14.7 0.0 662 

August 2017 3.8 0.2 13.9 15.9 3.2 98.6 155 0.0 836 

September 2017 3.8 0.2 12.28 16.4 3.5 85.6 210.2 0.0 805 

October 2017 3.9 0.3 7.4 6.9 0.1 87.6 170.5 0.0 902 

November 2017 4.4* 4.4* 4.4* 0.1* 0.1* 0.1* 170* 170* 170* 

December 2017 3.4 0.1 9.9 19.2 0.1 94.3 252.9 0.0 1235 

January 2018 3.7 0.3 10.9 18.2 4.6 87 275.5 0.0 1272 

February 2018 3.4 0.2 8.6 17.8 5.4 93.8 247.7 0.0 1190 

March 2018 3.3 0.1 9.3 18.2 5.6 93.8 203.5 0.0 1083 

April 2018 3 0.1 13.1 19.3 2.8 84.2 166.7 0.0 855 

May 2018 3 0.3 12.4 16.6 3.4 93.4 124.9 0.0 656 

June 2018 3.1 0.3 11.8 18.6 3.6 95.7 86 0.0 694 

*Equipment malfunction 

 

TABLE A1.2 METEOROLOGICAL STATISTICS BY MONTH 

¶ MONTH TEMPERATURE AT 2M ELEVATION (T2) TEMPERATURE AT 10 M ELEVATION (T10)  

Monthly 
average 

Hourly 
min 

Hourly 
max 

Monthly 
average 

Hourly min Hourly 
max 

Number of hours 
when T10>T2. 

°C °C °C °C °C °C Hours % of 
month 

July 2017 12.9 5.1 23.3 12.9 5.1 23.3 156 21 

August 2017 13.9 6.4 27.4 13.9 6.4 27.4 169 23 

September 2017 17.4 6.5 32.7 17.4 6.5 32.7 165 23 

October 2017 20.1 10.8 36.0 20.1 10.8 36.0 331 45 

November 2017 20.3 12.2 30.8 20.3 12.2 30.8 430 61 

December 2017 24.1 17.1 42.6 24.1 17.1 42.6 41 6 

January 2018 24.4 14.4 42.1 24.4 14.4 42.1 33 4 

February 2018 23.7 16.5 36.2 23.7 16.5 36.2 48 7 

March 2018 23.6 16.2 37.7 23.6 16.2 37.7 38 5 

April 2018 21.6 14.0 33.9 21.6 14.0 33.9 65 9 

May 2018 16.1 8.6 26.4 16.1 8.6 26.4 71 10 

June 2018 13.5 6.8 19.8 13.5 6.8 19.8 57 8 
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TABLE A3.1 SURFACE WATER RESULTS FOR PH 
 

pH Jul-
17 

Aug-
17 

Sep-
17 

Oct-
17 

Nov-
17 

Dec-
17 

Jan-
18 

Feb-
18 

Mar-
18 

Apr-
18 

May-
18 

Jun-18 

SW1(a) Pond 1 8.39 8.28 8.37 8.58 8.14 8.11 8.71 7.9 8.02 7.51 7.98 7.85 

SW1(b) Pond 2 8.45 8.37 8.38 8.51 8.34 8.26 8.68 7.81 8.13 7.63 8 7.55 

SW1(c)  Pond 3 8.39 8.36 8.31 8.55 8.59 8.35 8.68 7.63 8.18 7.67 8.08 7.55 

SW1(d) Clearwater 8.18 8.33 8.33 7.93 8.95 8.06 DRY 7.57 8.21 7.94 8.1 7.81 

SW2 Black Swan 
Pond 

8.25 8.58 9.81 5.41 9.44 9.78 9.14 DRY 9.42 8.64 8.75 9.04 

SW3 Deep Pond 8.15 8.73 9.35 8.8 8.88 8.99 10.71 DRY DRY 8.7 8.17 8.59 

 

TABLE A3.2 SURFACE WATER RESULTS FOR ELECTRICAL CONDUCTIVITY 
 

EC (mS/cm) Jul-17 Aug-
17 

Sep-
17 

Oct-
17 

Nov-
17 

Dec-
17 

Jan-18 Feb-
18 

Mar-
18 

Apr-
18 

May-
18 

Jun-18 

SW1(a) Pond 1 1760 1870 1830 1610 713 1100 1410 1120 1440 284 1610 829 

SW1(b) Pond 2 1740 1910 1710 1790 791 1340 1290 781 1610 260 971 415 

SW1(c)  Pond 3 1460 1730 1850 2320 1160 1770 1550 452 1470 271 1110 459 

SW1(d) Clearwater 718 1430 3070 6640 4170 4120 DRY 503 1710 674 1040 780 

SW2 Black Swan 
Pond 

1260 1500 1580 1980 2030 2030 4070 DRY 67 1220 935 802 

SW3 Deep Pond 2040 1620 1610 2224 4110 4880 7470 DRY DRY 7580 8230 7050 
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TABLE A3.3 SURFACE WATER RESULTS FOR TURBIDITY 
 

Turbidity (NTU) Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 

SW1(a) Pond 1 178 536 327 243 794 426 190 155 741 >1000 143 476 

SW1(b) Pond 2 56 168 95 75 442 138 73 252 65 >1000 162 639 

SW1(c)  Pond 3 66 275 >1000 268 150 470 175 458 360 >1000 101 574 

SW1(d) Clearwater 90 555 608 303 68 226 DRY 296 315 189 62 243 

SW2 Black Swan Pond 1 1 <1 46 36 10 180 DRY 189 6 2 2 

SW3 Deep Pond 19 3 3 32 42 105 398 DRY DRY 21 10 12 

 

TABLE A3.4 SURFACE WATER RESULTS FOR TEMPERATURE 
 

Water Temp (°C) Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 

SW1(a) Pond 1 13.5 14.4 16.6 22 25.9 22.7 27.5 29.0 22.0 29.0 20.0 18.0 

SW1(b) Pond 2 13.1 14.2 16.5 22.3 26.6 23.7 27.9 29.0 22.0 29.0 19.0 18.0 

SW1(c)  Pond 3 13.1 14.2 16.5 21.8 25.9 24.4 28.4 28.5 22.0 28.0 19.0 18.0 

SW1(d) Clearwater 13.4 14.8 17.7 20.1 31.9 22.5  30.0 21.0 28.0 19.0 15.0 

SW2 Black Swan Pond 13.4 14.1 17.5 21.8 24.3 24.4 26.1  22.0 25.0 18.0 16.0 

SW3 Deep Pond 14.0 14.6 19 21 26.4 28.1 30.1   26.0 21.0 17.0 
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K11/1 

  

Dec-17 Jun-18 

ANALYSIS UNITS LOR K11/1 K11/1 

Sample Number 

  

121710481006 061810481051 

Date Sampled 

  

6/12/17 14/06/18 

Sampled By 

  

LS/MD CR/KH 

Time Sampled 

  

15:38 13:20 

pH Value pH unit 

 

7.12 7.32 

Conductivity µS/cm 

 

954 1630 

Temperature °C 

 

21 19.8 

Bromide mg/L 0.01 0.176 1.07 

Dissolved Metals 

Aluminium mg/L 0.01 <0.01 <0.01 

Arsenic mg/L 0.001 <0.001 <0.001 

Cadmium mg/L 0.0001 <0.0001 <0.0001 

Copper mg/L 0.001 <0.001 <0.001 

Manganese mg/L 0.001 0.972 0.947 

Nickel mg/L 0.001 <0.001 0.001 

Zinc mg/L 0.005 0.008 0.021 

Iron mg/L 0.05 <0.05 0.08 

Cyanide 

Free Cyanide mg/L 0.004 <0.004 <0.004 

Total Cyanide mg/L 0.004 <0.004 <0.004 

Polynuclear Aromatic Hydrocarbons 

Naphthalene µg/L 1 <1.0 <1.0 

Acenaphthylene µg/L 1 <1.0 <1.0 

Acenaphthene µg/L 1 <1.0 <1.0 

Fluorene µg/L 1 <1.0 <1.0 

Phenanthrene µg/L 1 <1.0 <1.0 

Anthracene µg/L 1 <1.0 <1.0 

Fluoranthene µg/L 1 <1.0 <1.0 

Pyrene µg/L 1 <1.0 <1.0 

Benz(a)anthracene µg/L 1 <1.0 <1.0 

Chrysene µg/L 1 <1.0 <1.0 

Benzo(b+j)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(k)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(a)pyrene µg/L 0.5 <0.5 <0.5 

Indeno(1.2.3.cd)pyrene µg/L 1 <1.0 <1.0 

Dibenz(a.h)anthracene µg/L 1 <1.0 <1.0 

Benzo(g.h.i)perylene µg/L 1 <1.0 <1.0 

Sum of PAHs µg/L 0.5 <0.5 <0.5 

Total Petroleum Hydrocarbons 

C6 - C9 Fraction µg/L 20 <20 <20 

C10 - C14 Fraction µg/L 50 <50 <50 

C15 - C28 Fraction µg/L 100 <100 <100 

C29 - C36 Fraction µg/L 50 <50 <50 

C10 - C36 Fraction (sum) µg/L 50 <50 <50 

BTEX 

Benzene µg/L 1 <1 <1 

Toluene µg/L 2 <2 <2 

Ethylbenzene µg/L 2 <2 <2 

meta- & para-Xylene µg/L 2 <2 <2 

ortho-Xylene µg/L 2 <2 <2 

Total Xylenes µg/L 2 <2 <2 

Sum of BTEX µg/L 1 <1 <1 
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K11/1S 

  

Dec-17 Jun-18 

ANALYSIS UNITS LOR K11/1S K11/1S 

Sample Number 

  

121710481007 061810481052 

Date Sampled 

  

6/12/17 14/06/18 

Sampled By 

  

LS/MD CR/KH 

Time Sampled 

  

16:18 12:32 

pH Value pH unit 

 

7.65 7.83 

Conductivity µS/cm 

 

13100 12600 

Temperature °C 

 

20.3 20.2 

Bromide mg/L 0.01 11.2 12.5 

Dissolved Metals 

Aluminium mg/L 0.01 <0.01 <0.01 

Arsenic mg/L 0.001 <0.001 <0.001 

Cadmium mg/L 0.0001 <0.0001 <0.0001 

Copper mg/L 0.001 <0.001 <0.001 

Manganese mg/L 0.001 0.191 0.149 

Nickel mg/L 0.001 0.003 <0.001 

Zinc mg/L 0.005 <0.005 <0.005 

Iron mg/L 0.05 0.06 0.06 

Cyanide 

Free Cyanide mg/L 0.004 <0.004 <0.004 

Total Cyanide mg/L 0.004 0.006 0.007 

Polynuclear Aromatic Hydrocarbons 

Naphthalene µg/L 1 <1.0 <1.0 

Acenaphthylene µg/L 1 <1.0 <1.0 

Acenaphthene µg/L 1 <1.0 <1.0 

Fluorene µg/L 1 <1.0 <1.0 

Phenanthrene µg/L 1 <1.0 <1.0 

Anthracene µg/L 1 <1.0 <1.0 

Fluoranthene µg/L 1 <1.0 <1.0 

Pyrene µg/L 1 <1.0 <1.0 

Benz(a)anthracene µg/L 1 <1.0 <1.0 

Chrysene µg/L 1 <1.0 <1.0 

Benzo(b+j)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(k)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(a)pyrene µg/L 0.5 <0.5 <0.5 

Indeno(1.2.3.cd)pyrene µg/L 1 <1.0 <1.0 

Dibenz(a.h)anthracene µg/L 1 <1.0 <1.0 

Benzo(g.h.i)perylene µg/L 1 <1.0 <1.0 

Sum of PAHs µg/L 0.5 <0.5 <0.5 

Total Petroleum Hydrocarbons 

C6 - C9 Fraction µg/L 20 <20 <20 

C10 - C14 Fraction µg/L 50 <50 <50 

C15 - C28 Fraction µg/L 100 <100 <100 

C29 - C36 Fraction µg/L 50 <50 <50 

C10 - C36 Fraction (sum) µg/L 50 <50 <50 

BTEX 

Benzene µg/L 1 <1 <1 

Toluene µg/L 2 <2 <2 

Ethylbenzene µg/L 2 <2 <2 

meta- & para-Xylene µg/L 2 <2 <2 

ortho-Xylene µg/L 2 <2 <2 

Total Xylenes µg/L 2 <2 <2 

Sum of BTEX µg/L 1 <1 <1 













 

 A N N U A L  E N V I R O N M E N T A L  M A N A G E M E N T  R E P O R T  |  2 0 1 7 - 2 0 1 8  6 8    

BH23D 

  

Dec-17 Jun-18 

ANALYSIS UNITS LOR BH23D BH23D 

Sample Number 

  

121710481013 061810481005 

Date Sampled 

  

5/12/17 14/06/18 

Sampled By 

  

CR/LS CR/KH 

Time Sampled 

  

13:40 9:51 

pH Value pH unit 

 

6.85 6.78 

Conductivity µS/cm 

 

22300 25000 

Temperature °C 

 

20.2 19.7 

Bromide mg/L 0.01 24.9 21.2 

Dissolved Metals 

Aluminium mg/L 0.01 <0.01 <0.01 

Arsenic mg/L 0.001 <0.001 <0.001 

Cadmium mg/L 0.0001 <0.0001 <0.0001 

Copper mg/L 0.001 <0.001 <0.001 

Manganese mg/L 0.001 1.14 1 

Nickel mg/L 0.001 0.003 <0.001 

Zinc mg/L 0.005 0.008 0.024 

Iron mg/L 0.05 0.78 14.5 

Cyanide 

Free Cyanide mg/L 0.004 <0.004 <0.004 

Total Cyanide mg/L 0.004 0.007 0.014 

Polynuclear Aromatic Hydrocarbons 

Naphthalene µg/L 1 <1.0 <1.0 

Acenaphthylene µg/L 1 <1.0 <1.0 

Acenaphthene µg/L 1 <1.0 <1.0 

Fluorene µg/L 1 <1.0 <1.0 

Phenanthrene µg/L 1 <1.0 <1.0 

Anthracene µg/L 1 <1.0 <1.0 

Fluoranthene µg/L 1 <1.0 <1.0 

Pyrene µg/L 1 <1.0 <1.0 

Benz(a)anthracene µg/L 1 <1.0 <1.0 

Chrysene µg/L 1 <1.0 <1.0 

Benzo(b+j)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(k)fluoranthene µg/L 1 <1.0 <1.0 

Benzo(a)pyrene µg/L 0.5 <0.5 <0.5 

Indeno(1.2.3.cd)pyrene µg/L 1 <1.0 <1.0 

Dibenz(a.h)anthracene µg/L 1 <1.0 <1.0 

Benzo(g.h.i)perylene µg/L 1 <1.0 <1.0 

Sum of PAHs µg/L 0.5 <0.5 <0.5 

Total Petroleum Hydrocarbons 

C6 - C9 Fraction µg/L 20 <20 <20 

C10 - C14 Fraction µg/L 50 <50 <50 

C15 - C28 Fraction µg/L 100 <100 310 

C29 - C36 Fraction µg/L 50 <50 250 

C10 - C36 Fraction (sum) µg/L 50 <50 560 

BTEX 

Benzene µg/L 1 <1 <1 

Toluene µg/L 2 <2 <2 

Ethylbenzene µg/L 2 <2 <2 

meta- & para-Xylene µg/L 2 <2 <2 

ortho-Xylene µg/L 2 <2 <2 

Total Xylenes µg/L 2 <2 <2 

Sum of BTEX µg/L 1 <1 <1 
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1. Introduction  

1.1 Background to the study: Historical context and research objectives. 

The Conservation Biology Research Group at the University of Newcastle has been conducting annual 

surveys of the green and golden bell frog (Litoria aurea) on Kooragang Island since 2010. The intention 

has been to understand the population ecology of this amphibian to help inform best practice habitat 

creation and management for relevant stakeholders in order to improve ecological outcomes for this 

federally listed threatened species. Over the course of these surveys more than   three thousand L. 

aurea individuals have been captured. This extensive data set represents one of the most 

comprehensive investigations of this threatened species to date. Continuous monitoring of this scale ς 

especially of amphibian species ς remains rare in an Australian context, yet necessary given that 

amphibian populations exhibit classic boom and bust population growth linked closely to climate and 

weather patterns. 

The wetlands surveyed over the eight-year monitoring period have remained largely the same. 

However, some additional wetlands have been constructed and others have been altered, so the 

absolute ƴǳƳōŜǊ ƻŦ ǿŜǘƭŀƴŘǎ ǎǳǊǾŜȅǎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘΣ ŀƴŘ ǘƘŜ ŦƻŎǳǎ ƻŦ ŜŀŎƘ ǎŜŀǎƻƴǎΩ ǎǳǊǾŜȅ Ƙŀǎ 

sometimes shifted to track significant changes in population demographics. Nevertheless, the primary 

aims and methodology of consecutive surveys has remained consistent. The original project aims 

continue to be prioritised: 

1. Providing a population size estimate for L. aurea on Kooragang Island;  

2. Describing the demographic composition of the Kooragang Island population of L. aurea; 

specifically, the ratio of adults to juveniles and the ratio of males to females.  

3. Defining the spatial distribution of the L. aurea across Kooragang Island, considering movement 

patterns and aggregations.  

 

 

1.2 Background to the problem: the green and golden bell frog decline    

Litoria aurea was once common and widespread ŀƭƻƴƎ !ǳǎǘǊŀƭƛŀΩǎ 9ŀǎǘ /ƻŀǎǘΣ stretching from northern 

New South Wales to southern Victoria, as well as into inland tablelands (Pyke et al., 2002). Rapid 

ŘŜŎƭƛƴŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŦǊƻƳ ǘƘŜ ŜŀǊƭȅ мфтлΩǎΣ ƭŜŀŘƛƴƎ ǘƻ ŀ ŘǊŀƳŀǘƛŎ ǊŜŘǳŎǘƛƻƴ ƛƴ ōƻǘƘ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ 

abundance (Mahony et al., 2013, Pyke and White, 1996, Pyke et al., 2002). Today, L. aurea persists in 

less than 10% of its historical distribution and occupies fewer than forty sites, most of which are 

geographically isolated from one another (White and Pyke, 1996, Mahony et al., 2013). Populations that 

were once reported on the Central Tablelands are now presumed extinct, having not been observed 

since the early 1970s (White and Pyke, 1999, White and Pyke, 1996). Additionally, until a recent 

rediscovery of a small population in Queanbeyan (Wassens and Mullins, 2001), L. aurea was also 

presumed extinct in the Southern Tablelands, having not been observed there since 1980 (Osborne et 

al., 1996). Many populations have also been lost along the foothills and coastal plain of the Hunter, 

Sydney and Shoalhaven regions where the species was once abundant (Daly, 1996, White and Pyke, 

1996). Litora aurea was once common in the Hexham Swamp/Kooragang Island area of Newcastle 

(Hamer et al., 2004). The species apparently declined rapidly in the 1980s and by the 1990s the only 















Kooragang Island Bell Frog Surveys 2017-18 
 

14 
 

014-15 Season 

No long-range or medium-range movements were observed to occur in this season. As with previous 
years, numerous short range movements between wetlands K22 and K23 were observed. There was no 
movement between K22/23 and K29 (AKA the cell) as had been observed in previous years, and thus no 
migration observed across the industrial railway.  

¢ƘŜ ŀǊǘƛŦƛŎƛŀƭƭȅ ŎǊŜŀǘŜŘ ŎƭǳǎǘŜǊ ǿŜǘƭŀƴŘ Ψ/мΩ ŀŘƧŀŎŜƴǘ ǘƻ Yнф ǎǳǇǇƻǊǘŜŘ ŀ ǎǳŎŎŜǎǎŦǳƭ ōǊŜŜŘƛƴƎ Ŏƻƭƻƴȅ ƻŦ ŀǘ 
least three females, demonstrating its efficacy as habitat. Conversely, no L. aurea were detected at a 
ǎŜŎƻƴŘ ŎƭǳǎǘŜǊ ǿŜǘƭŀƴŘ Ψ/нΩ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ southern part of the Industrial Zone. A significant breeding 
event occurred at K104, with a total of 647 juveniles being detected through VES. Most of the juveniles 
were found between February and March suggesting that breeding occurred in the middle of the 
season. 

2015-16 Season 

For the second year in a row, no long or medium-range movement were observed. The only migrations 
seen occurred back and forth between K22 and K23. There was no evidence of movement across the rail 
ŎƻǊǊƛŘƻǊ ƛƴǘƻ ǘƘŜ {ƻǳǘƘŜǊƴ ΨLƴŘǳǎǘǊƛŀƭΩ ½ƻƴŜΦ  

The season was marked by very heavy rainfall in early January 2016. Following that, there was a large 
recruitment of metamorphs observed in K106A and K106B; on February 11 2016 we detected large 
densities of tadpoles and metamorphs in shallow flooded grass. We estimated density to be > 5 per 
square meter, i.e. >10,000 tadpoles and metamorphs across these two wetlands. Mating pairs were 
seen at K104A (the rail service road on the north edge of K104 that tends to form long lasting 
ephemeral wetland) following heavy rain in early January ς but the high water levels connected this to 
the main body of water in K104, allowing Gambusia into K104A, and only a very small number of 
metamorphs were observed at the end of that summer). The high numbers of GGBF in the K104 area is 
likely due to the large breeding event observed in the previous (2014-15) season. Breeding was 
ǎǳŎŎŜǎǎŦǳƭ ƛƴ ǘƘŜ Ψ/мΩ ŎƭǳǎǘŜǊ ǿŜǘƭŀƴŘΣ ōǳǘ ǘƘŜǊŜ ǿŜǊŜ ƴƻ ŀŘǳƭǘǎ ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ Ψ/нΩ ŎƭǳǎǘŜǊ ǿŜǘƭŀƴŘΤ 
both these findings were consistent with the previous year. Recorded breeding was negatively 
associated with presence of Gambusia; but the flooding that followed heavy rainfalls in April 2015 and 
January 2016 meant that by the end of the 2015-2016 Gambusia was widely distributed across the 
islands, with only 19 out of 78 surveyed wetlands being free of the fish.  

Several of the newly constructed HDC wetlands within the NCIG Rail Loop (K111, K113, and K114) 
supported at least some adult bell frogs in this season, despite having existed for less than 12 months. 
Breeding was recorded at one of these (K113). GGBF were not detected at the other new wetlands 
(K112, K117, K118), nor at the C2, a pattern that appears to be linked to connectivity across the 
southern part of the industrial zone. It was expected that the (positive) changes to the habitat mosaic 
resulting from the construction of the six new HDC wetlands would lead to dispersal to these in the 
following season. 

The numbers of bell frogs in K29 and K108, two of the large permanent/semi-ǇŜǊƳŀƴŜƴǘ ΨǊŜŦǳƎŜΩ 
wetlands that traditionally held large numbers of adult GGBF, were very low in this season. It appears 
that following the high mid-summer rainfall, adult frogs dispersed across the landscape (presumably 
aligned to feeding and breeding behaviours). It was noted that emergent aquatic vegetation had 
completely covered K108, leaving this wetland with no area of open water. 
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2016-17 Season 

This was a much drier season than the previous year. Many of the wetlands dried out over the course of 
the season. Large numbers of adult frogs were detected at the large permanent//semi-permanent 
ΨǊŜŦǳƎŜΩ ǿŜǘƭŀƴŘǎΣ ŜǎǇŜŎƛŀƭƭȅ YнфΣ ōǳǘ ǾŜǊȅ ŦŜǿ ŦǊƻƎǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘ ŀǘ ǘƘŜ ŜǇƘŜƳŜǊŀƭ ǿŜǘƭŀƴŘǎ όǿƘƛŎƘ 
were mostly dry by the middle of the summer). It appears that the bell frog population, especially in the 
LƴŘǳǎǘǊƛŀƭ ½ƻƴŜΣ ŎƻƴǘǊŀŎǘŜŘ ǘƻ ǘƘŜǎŜ ΨǊŜŦǳƎŜΩ ǿŜǘƭŀƴŘǎ ŀǎ ǘƘŜ ǎȅǎǘŜƳ ŘǊƛŜŘΣ ƭŜŀŘƛƴƎ ǘƻ ŘŜǘŜŎǘŀōƛƭƛǘȅ ōŜƛƴƎ 
much higher than in the previous season where frogs were apparently widely dispersed over the 
landscape following very high levels of mid-summer rainfall. As a result, the population estimates for 
2016-17 are notably higher than they were for 2015-16; but these should be interpreted in the context 
of the climatic conditions for each season. 

The high rainfall in the 2015-16 season evidently led to significant recruitment, especially in K106, and 
the results of that could be detected by demographic analysis as a cohort of young animals in K29 
during the early part of the 2016-17 season. Demographic analysis also indicated successful recruitment 
in K104 in the early spring of the 2016-17 season. Further large breeding events at two of the new HDC 
wetlands, K111 and K114, were observed in early summer 2016-17. 

As expected, frogs were detected for the first time in the remaining new HDC wetlands (K112, K117, 
YммуύΣ ŀƴŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜ ƛƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ΨŎƭǳǎǘŜǊ ǇƻƴŘǎΩ ό/нύΦ ¢Ƙƛǎ ƛƴŎǊŜŀǎŜŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ŦǊƻƎǎ 
across the southern region of the Industrial Zone correlates with improvements in connectivity and 
habitat mosaic following the construction of new GGBF habitat in that region. However, no frogs were 
detected at K108 for the first time since surveys began in 2011; that wetland was dry throughout the 
entire season. 

Lower than average rainfall during summer and late autumn led to a large number of ephemeral and 
even some semi-ǇŜǊƳŀƴŜƴǘ ǿŜǘƭŀƴŘǎ ōŜŎƻƳƛƴƎ ŎƻƳǇƭŜǘŜƭȅ ŘǊȅΤ ǘƘƛǎ ƛƴŎƭǳŘŜŘ ΨǊŜŦǳƎŜΩ ǿŜǘƭŀƴŘǎ ǎǳŎƘ ŀǎ 
K23 and K108. As well as appearing to concentrate frogs back to the deeper wetlands (with consequent 
effects for detectability ς see above), this drying effectively eliminated Gambusia from a number of 
wetlands (e.g. K22, K23, K46, K105B). 

Mid-autumn rainfall (following Cyclone Debbie) recharged many of the wetlands and appears to have 
led to a late season breeding event, although this occurred after surveys had been completed and only 
anecdotal observations were made. It was expected that, if this late season breeding led to successful 
recruitment, that a cohort of small juveniles should be present in the early part of the current (2017-18) 
season. 
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In general, we attempted to capture all L. aurea observed. This was done using a thin plastic bag 

(sandwich bags). Captured frogs were labelled with a capture code, and tied in the bag with sufficient 

air. If the frog was touched during capture, we washed hands with disinfectant gel (NSW NPWS Hygiene 

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

 

Captured frogs were processed as follows: 

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

ii. If the frog had a passive induction transponder (PIT) tag, the number was recorded. 
iii. Visual inspection of frog for injuries, and nuptial pads (to identify males from females). 
iv. Snout-Vent-Length was measured using callipers. 

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

weighed in the bag, and then the bag was weighed separately. 

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

Amphibian Research Lab (2 strokes on each side of the animal for each of: flank, inguinal 

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

vii. If the animal had not been previously tagged: 

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

and stored in 70% ethanol.  

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

inguinal region. 

 

Tadpoles and metamorphs  

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

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

with adult colouration. 

Data collection 

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

approximately 10 person-minutes per frog.  An example of the datasheet used to record data during 

processing is shown. Frogs were returned to their point of capture after completion of the survey. 

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

were performed between November 2016 and March 2017. In Visual Encounter Surveys, the entire 

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

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

each wetland, although that did vary between and within wetlands depending on vegetation density.  

Any frogs captured were processed at the end of the survey, and frogs were then released at their point 

of capture.  

In addition to VES, Capture-Mark-Recapture (CMR) surveys were undertaken at three wetlands. The 

purpose of the CMR surveys is to provide a locally intense capture effort that can be used to generate 

an estimate of population size at that location (see Section 2.6), as well as provide large sample sets for 

demographic and longitudinal data (Sections 3.4, 3.5). In CMR sampling wetlands were surveyed 

intensively typically for 3 to 4 consecutive nights. For long-term population data comparisons wetlands 

were chosen for CMR sampling based on their known status as important L. aurea wetlands and their 
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Figure 2.5.1: Search effort and L. aurea detections across the 2017-18 survey period, shown alongside rainfall.   
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2.6  Methodological approaches used to address objectives 

 

Robust modelling approach (Pollock’s robust design) 

 
Robust modelling of population size is based upon data from Capture-Mark-Recapture (CMR) surveys. 
Repeated CMR surveys at a wetland provide data on the ratio of captured to uncaptured animals in a 
population, allowing an estimate of total population size (Figure 2.6.1).  
 
In practice, there are several factors that affect the number of frogs detected at a wetland on a given 
night, and the total population size at a wetland is only one of these factors. Temperature, humidity, 
wind speed may all affect the number of frogs that are active during a survey; only active frogs are likely 
to be detected. An animal may also become warier after it has been captured for the first time ς i.e. 
there is a difference between the capture probabilities of an animal on its first capture and subsequent 
recaptures ς which can be a problem for straightforward population estimates. The statistical 
approaches of robust modelling can nevertheless account for the effects of these parameters, given 
sufficiently high quality CMR data. A more detailed overview of the Robust Modelling approach is given 
in Pollock (1982). 
 
For CMR to be analysed using Robust Modelling, sets of surveys need to be conducted over multiple 
periods at each location. A basic survey period is termed a primary period; within each primary period, a 
series of surveys (secondary surveys) are conducted over a short time; these secondary surveys should 
ideally be no more than 48 hours apart and should continue until the recapture rate within one survey is 
at least 20% (and ideally up to 70%). The target recapture rate is dependent on the number of 
individuals captured. A higher number of captures means that a lower recapture rate is acceptable.  

 

Figure 2.6.1. A simple illustration of capture-mark-recapture survey (based on two capture events only). Left circle: 
nothing is known about the population size, during the first capture event animals are caught, marked and 
released. Middle circle: the number of marked animals within the population is known. During the second capture 
event marked and unmarked individuals are caught. Right circle: the population size can be estimated based on the 
proportion of marked individuals caught during the second capture event. *Note that this is an over-simplistic 
depiction of current mark-recapture methods, with Robust Design allowing far more powerful modelling to be 
completed incorporating closed methods (as depicted here) and open methods in conjunction with one another. 
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past 1 hour after sunset), across consecutive nights (with weather), and across the season; the evidence 

is that some wetlands (e.g. K23, K29, K108) are over-wintering sites, from which frogs disperse to 

ephemeral wetlands during the mid-summer and then return to towards autumn.  

 

So that we could account for the inherent bias produced by habitat complexity all surveys were timed, 

and the survey effort calculated as part of the detection probability. Thus if a particularly complex 

habitat was being surveyed the entire wetland was surveyed and the time taken recorded. We also 

calculated wetland size and perimeter length so that we could assess frog density. 

 

Limiting bias created by different weather patterns and seasonal conditions is more difficult to account 

for in analysis.  To limit the effect of different weather patterns we aimed to accomplish a complete 

survey of all wetlands in a two to three-week period, thus limiting the impact of short term climate 

variations. To overcome seasonal effects, the surveys were replicated thrice, one in early summer, one 

in mid-summer, and a final survey round in late summer/early autumn.  Despite this design the summer 

season of 2016 was punctuated with several large rainfall events that occurred in the middle of and 

before timetabled surveys.  Such events do effect bell frog detection and occupancy at wetlands.  

Detection of bell frogs is increased when males are actively calling, and during these times they are 

more active around the edge of wetlands and on the water surface, making visual encounter easier.  

Associated with large rain events bell frogs disperse from permanent wetlands and move to ephemeral 

wetlands. In some situations, this may only be a matter of metres and in others it may involve distances 

of tens of metres.  For example, at permanent wetland K104 an ephemeral wetland occurs adjacent to 

the permanent wetland and the frogs disperse only a short distance, whereas at K22 the frogs move 

over 70 metres to K63, which covers a large area.  
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Figure 3.2.9: Gambusia distribution 

across the southern wetlands. 

²ŜǘƭŀƴŘ ǎŎƻǊŜŘ ŀǎ ΨŘƛǎŀǇǇŜŀǊŜŘΩ ŀǊŜ 

mostly those that dried during the 

ǎŜŀǎƻƴΦ ²ƘŜǊŜ ǎŎƻǊŜŘ ŀǎ ΨŀǇǇŜŀǊŜŘΩΣ 

it is likely that Gambusia was always 

present but was not detected in the 

first round of surveys. The data for 

K105A is assumed based upon the 

pattern of previous years; Gambusia 

present could not be ascertained in 

March 2018. 

Figure 3.2.5: 
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For the additional incomplete survey 
rounds in mid to late autumn (3.1, 
and 4), there was a high proportion 
of adult females detected in Round 
3.1. Note that this round 
immediately followed a large 
additional rain event in late March 
(Figure 3.2.1). 
 
Following to the early to mid autumn 
rain and associated breeding, a 
minimal survey of suspected 
breeding locations detected 
numbers of juveniles and 
metamorphs in round 4, with the 
largest numbers at K104, but also 
metamorphs at K29, K114, and K112. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3.9: Demography of all detected frogs during the 

two additional survey rounds (#3.1 in late March 2017 and 

#4 in late April 2017. See Figure 3.3.4 for explanation of 

demographic categories. 
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3.4. Demographics 

Proportions of juveniles, adult males, and adult females 

 

 

 
 Figure 3.4.1: Summary demographics of all captured L. aurea (i.e. VES and CMR, including recaptures and non-tagged 

individuals), by round. Mets, metamorphs; M, adult males; J, juveniles; JF, subadult females; F, adult females; U, animals 

of unknown demography. 

Figure 3.4.1 presents the demographic data in the preceding section, summarised for captured L. aurea 
across all wetlands. Overall, the highest numbers of L. aurea were captured in round 1. Approximately 2/3 of 
frogs captured in that round were adults (mostly males). By the second round, the proportion of adults 
captured was about 50%, and nearly half of these were females). Most frogs captured in the third round 
were adults, and most of those were males. Subadult females were always a small proportion of captured L. 
aurea. 

  

Round 1

met
s

J

JF

total captured = 960

Round 2

met
s
J

JF

total captured = 563

Round 3

met
s

J

total captured = 398
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Ψ5ŜŜǇ ǇƻƴŘΩ ǿŀǎ ƻǊƛƎƛƴŀƭƭȅ ŀ ǎƛƴƎƭŜ ǾŜǊȅ ƭŀǊƎŜ ǿŜǘƭŀƴŘ ƛƴ ǘƘŜ b² ǇŀǊǘ ƻŦ ǘƘŜ LƴŘǳǎǘǊƛŀƭ ½ƻƴŜΤ ƛǘ ǎƛǘǎ ƻƴ ǘƘŜ 

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

and appears to be a remnant of the natural wetlands in this part of Kooragang that were present prior to 

substantial alteration by human activity. Following the completion of the NCIG infrastructure, this wetland 

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

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

and is labelled K105AS in our analyses. 

This southern edge of K105A (i.e. K105AS) had number of large juveniles and small adults (Figure 3.4.9). 
These were detected in round 2 and 3 (there was no survey of K105AS in round 1). In particular, there were a 
large number of juveniles in a relatively small area, in Typha stand at SW corner of wetland. 
 
In K105A, most adults were detected along the northern edge of the wetland (near K23) in round 3. The 
wetland has become very dry by this time, and the dense edge vegetation along the northern bank had been 
the closest to the remaining water for some time. 
 
K105B had dried out completely the previous season, with the result that Gambusia were no longer present, 
and the shallow-sloped muddy edges had been overgrown with paspalum grass. This, combined with dense 
edge vegetation of emergent reeds (mainly Typha and Phragmites) has apparently created a highly suitable 
environment for L. aurea, both for adults and for breeding. There were large numbers of juveniles and small 
numbers of adults in round 1. The captured frogs were almost exclusively juveniles in round 2, mostly small 
(<40 mm). The size/frequency distribution of large juveniles in round 1 and small juveniles in round 2 
indicates at least a couple of breeding events prior to December, most likely in autumn 2017 and spring 2017 
respectively. There were only small numbers in round 3, but following the second and larger rainfall event of 
the autumn there were large numbers of adults in round 3.1; these were predominantly males calling from 
flooded grass. 
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K121 

 
K122 

 
K123 

 

Figure 3.4.15: Frequency distributions for HDC constructed wetlands in Area 3 (constructed in 2017). Refer to Fig., 3.4.6 

for explanation of charts. 

 

K121, K122, and K123 are new wetlands, constructed in 2016-17 and located in the KIWEF K10 South 
subregion, adjacent to the rail loop. They lie between C2 and K36, and greatly increase the amount of aquatic 
habitat in that area. 2017-18 is the first season that they have been surveyed. 
 
All of these held good levels of water, but had very little vegetation. Small juveniles of Litoria aurea  were 
observed in K121. This wetland was unshaded and the water was warm and it is possible that the 
combination of water temperature and sparse vegetation led to these L. aurea tadpoles developing quickly 
and metamorphosing when small. There were also abundant Limnodynastes tasmaniensis calling throughout 
the season, especially at K121. 
 
No adults were found in K121 & K122, perhaps due to the lack of aquatic vegetation that L. aurea use for 
cover. K123 is close to C2, which does have established aquatic vegetation, and some adults were detected 
in this wetland.  
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Animal ID (PIT #) Sex Year of first 
capture 

Starting 
point 

Year of 
recapture 

Destination Minimum 
distance 
(metres) 

 In/out of CHEMP (includes between NCIG stages) 
900108000630037 M 4/02/2015 K21 4/01/2017 BHP_3A 1,487 

900108000630541 M 12/10/2016 BHP_2C 3/10/2017 BHP_14B 1,184 

956000003476551 M 26/10/2016 K22 17/01/2018 BHP_14B 691 

900108000629912 J (F) 6/02/2014 NCIG_Trial 3/12/2014 K7  

900108001466466 J (M) 30/12/2015 NCIG_Trial 1/03/2018 NCIG_6.6  

 In/out of K29 

956000003446167 F 10/02/2016 K29 10/02/2017 C1 65 

999005005000389 M 13/02/2013 K23 8/11/2013 K29 367 

999005005000563 M 7/02/2013 K23 5/11/2013 K29 367 

000763393E M 22/12/2015 K106C 4/01/2017 K29 61 

000791EA95 M 10/02/2017 C1 20/11/2017 K29 65 

000792075A JF (F) 14/12/2016 K29 23/11/2017 K106C 64 

00079EAB05 F 21/12/2016 K42 22/11/2017 K29 378 

0007A0CD9F M 19/12/2016 K29 23/11/2017 K106C 61 

0007A0D1E9 M 19/12/2016 K29 23/11/2017 K106C 61 

0007A0E85F M 14/02/2017 K35 20/11/2017 K29 241 

0007A0E99B J (F) 10/02/2017 K29 10/01/2018 C1 65 

0007A0F899 JF (F) 8/01/2017 K29 1/03/2018 C1 65 

0007A0FA8F J (M) 19/12/2016 K29 23/11/2017 K106C 61 

0007D1E585 JF (M) 9/02/2017 K29 28/02/2018 K106C 61 

0007D1F6EF M 16/12/2016 K29 15/01/2018 K106C 61 

0007D23AF1 M 8/01/2017 K29 1/03/2018 C1 65 

 Other movements 

956000003481695 F 2/12/2016 K46 24/03/2018 K117 75 

956000003486327 JF (F) 4/02/2016 K115 18/12/2016 K104 629 

00076338A8 J (F) 8/01/2016 K108 24/01/2018 K100A 97 

0007633CA4 M 18/03/2015 K103 28/11/2016 K22/23 330 

0007D295DA J (M) 16/01/2017 K114 25/01/2018 K115 314 
 Along Bellfrog Way 

900108000628396 M 30/12/2013 K20B 21/01/2015 K21 158 

Table 3.5.5: Detected movement between study seasons. Data sourced from multiple studies (see text). Coloured fonts 
show individuals where multiple movements were detected (compare with Table 3.5.3 and Figure 3.5.2) 
 

4. Most (40) of these 60 movements involve males, 5 which were first caught as juveniles (Table 3.5.6). 

Of the 19 females detected, 10 were first caught as juveniles. 

 

 Age/Sex class n 

J (J) 1 

J (M) 5 

J (F) 10 

M 35 

F 9 

 

 

Table 3.5.6: Age/sex class summary of the 60 movements 

detailed in Tables 3.5.4 and 3.5.5 όΨhǘƘŜǊ ƳƻǾŜƳŜƴǘǎΩ ƻŦ 

Table 3.5.3).  Brackets indicate sex at maturity for animals 

first captured as juveniles. See text for discussion. 
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Figure 3.6.3: Survey nights (top), nights where calling was heard, detections of tadpoles and metamorphs, and 
detecttions of small juveniles (bottom), correlated with rainfall. Arrows indicate potential laying dates for animals 
detected as tadpoles (brown arrows), metamorphs (dark green), and extra-ǎƳŀƭƭ όΨ·ǎƳŀƭƭΩ; SVL < 35 mm) juveniles.  

 











 

96 
 

 Wetland Physiognomy 

Score 5 4 3 2 1 

Size Very large Large Med Small Very small 

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

Edge vegetation extent 
(tall reeds) 

Totally surrounded by 
reeds 

Lots Approx. half Small amount Very little/none  

Table 3.7.3: Qualitative scores used for preliminary analysis of the effects of wetland physiognomy upon L. aurea 
abundance; c.f. Fig. 3.7.1, Fig.3.7.2. 

 

An important question in understanding L. 

aurea ecology, particularly for management, 

concerns the habitat requirments of this 

frog. We here provide a visualisation of the 

current dataset, with the purpose of 

generating insights into any links between L. 

aurea abundance and wetland physionomy.  

Wetland physiognomy involves a subset of 

habitat parameters that incorporate 

ΨǇƘȅǎƛŎŀƭΩ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǎƛȊŜΣ ƻǇŜƴƴŜǎǎΣ ŀƴŘ 

density of edge vegetation. Quantitative 

measurement of these factors for large 

numbers of wetlands is a logistically 

complex process. Here, we use qualitative 

scores to provide a preliminary analysis of 

the effects of these parameters on bell frog 

abundance. 

Each surveyed wetland was scored for these 
parameters (Table 3.7.3). The scores for 
hydroperiod (Section 3.2) were also used. 

When plotted against the numbers of frogs 
detected there is a great deal of noise in the 
data (which is one of the challenges for 
quantitative analysis). However, 
qualitatively, high values of Total Detected 
are very strongly related to high scores for 
Openness, and Edge vegetation (Figure 
3.7.1). 

There are also strong effects by Wetland 
Size and Edge Depth. Wetlands with high 
values of Total Detected are all semi-
permanent, nearly permanent, or deep 
permanent. The highest scores are for 
nearly permanent wetlands. 

Figure 3.7.1: Scores for wetland size, openness, edge vegetation, 
edge depth, and hydroperiod, plotted against values of Total 
Detected bell frogs for each wetland surveyed in 2017-18. 
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The highest values for Search sensitivity 
(Figure 3.7.2) are likewise strongly affected 
by high scores for Openness and Edge 
vegetation, although not quite to the same 
degree as with Total Detected.  
Wetland Size has a very weak interaction 
with Search Sensitivity. Relationship with 
Hydroperiod is similar to Total Detected. 
 
This data indicates that high densities and 
high numbers of L. aurea are found in 
wetlands that are  
 (1) comparatively open, and  
 (2) and have densely vegetated (reeds) 
edges. 
 

Deep edges also help. Population density 
does not increase with wetland size but 
overall numbers do. Only semi-
permanent/permanent wetlands hold high 
numbers and densities of L. aurea. 
 
Interestingly, this result, although 
preliminary, provides some data-driven 
support for the overall patterns that we 
have identified in advice on wetland design, 
i.e. L. aurea prefer well edge-vegetated 
(reeds), open wetlands, with deep water at 
the edge of the vegetated banks. Conciliant 
with this, adult L. aurea were not resident 
at K121-3, which lack edge vegetation; 
neither do they appear to be resident at 
K112, K113, which are temporary wetlands 
that often do not hold water.  However, 
K121-3 and K111-2 do support breeding 
(Section 3.6), so it is important that there is 
suitable habitat for adult frogs nearby (i.e. 
C2 and K36 for K121-3; K114 and K111 for 
K112 and K113).  
 

This initial analysis is constrained by low 

quality of the data for physiognomic 

parameters. Better quality data will 

inevitably allow more powerful analyses. 

The question of how wetland physiognomy affects quality of breeding habitat is also important and 

should be explored further. However, we note that these patterns of occupancy connect strongly with the 

concept of the L. aurea ΨƘŀōƛǘŀǘ ƳƻǎŀƛŎΩ ƻǳǘƭƛƴŜŘ ƛƴ {ŜŎǘƛƻƴ оΦн and discussed in Section 4. 

Figure 3.7.2: Scores for wetland size, openness, edge 
vegetation, edge depth, and hydroperiod, plotted against values 
of Search Sensitivity for each wetland surveyed in 2017-18.  
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Combining the population estimates for the CMR (Table 3.8.3) and VES (Table 3.8.6) surveyed wetlands 
provides a range of estimates for the actual population size across all 60 wetlands surveyed on Kooragang 
Island over the 2017-2018 season (Table 3.8.7). 
 
  

     

 Total population 

size 
min-
lower 

mean-
lower 

mean-N-
hat 

mean-
upper 

max-
upper 

Round 1 1,524 2,629 3,049 3,754 7,459 

Round 2 1,268 2,583 3,030 3,791 8,175 

Round 3 1,014 1,966 2,303 2,883 5,965 

 
Total population size (not including CHEMP wetlands)  

Round 1 1,247 1,994 2,306 2,826 5,328 

Round 2 1,094 2,185 2,564 3,209 6,841 

Round 3 910 1,728 2,025 2,536 5,169 

Table 3.8.7: Estimates of total population size across all surveyed wetlands. See text for discussion. 

 
 

These estimates should be interpreted as follows: 

¶ It is highly likely that the population of L. aurea at the 60 surveyed wetlands was between the 

ΨƳƛƴ-ƭƻǿŜǊΩ ŀƴŘ ΨƳŀȄ-ǳǇǇŜǊΩ limits (i.e. between 1,524 and 7,459 in November 2017). 

¶ It is probable ǘƘŀǘ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ ōŜǘǿŜŜƴ ǘƘŜ ΨƳŜŀƴ-ƭƻǿŜǊΩ ŀƴŘ ǘƘŜ ΨƳŜŀƴ-ǳǇǇŜǊΩ ŦƛƎǳǊŜǎ 

(i.e.  between 2,629 and 3,754 in November 2017) 

¶ The model estimation for the approximate ǇƻǇǳƭŀǘƛƻƴ ƛǎ ǘƘŜ ΨƳŜŀƴ-N-ƘŀǘΩ ŦƛƎǳǊŜΣ ƛΦŜΦ 3,049 in 

December 2017. 

It is not correct to say that that the population was 3,049 in round 1; rather, the population was 

approximately 3,049.  

 

Note that these estimates include, for the first time in the island wide surveys, the CHEMP wetlands 

created in the Central and Northern Zones of Kooragang Island. Estimates from previous island wide 

surveys have not included those wetlands. Comparing the estimate for the non-CHEMP wetlands with 

data from the previous two seasons provides some indicate of the population dynamics for L. aurea on 

Kooragang Island since the island-wide surveys began in 2010 (Figure 3.8.1) 
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Given these uncertainties inherent in the statistical modelling approach, we can use information on 
counts (estimates) to assess population level spatio-temporal trends (see Section 3.9). This avoids 
many of the assumptions inherent in modelled-based estimates, but is directly and strongly 
affected by search effort (which is an important source of bias). To minimise the effect of search 
effort we apply standardised survey methods with teams of experienced field ecologists. Both 
model-based estimates and counts need to be interpreted within a framework of understanding the 
biology of the species being investigated. For example, both the models and the counts indicate a 
low population size in 2015-16. However, that was a very wet year; and our observations of 
distribution indicate that bell frogs were dispersed widely across the landscape, leading to low 
detectability, and it is possible that the actual population number was high across that period.  
Subsequently, the breeding seasons of both 2016-17 and 2017-18 were relatively dry (i.e. spring 
and summer rainfall totals being below long-term averages). This had the effect of increasing 
detectability, since frogs contracted to a small number of wetlands that contained water (i.e., 
wetlands with a permanent hydrology), and which are targeted in our survey effort. However, there 
is no ecological reason to suppose that the population in these years was actually higher than in 
2015-16. To enable a robust and repeatable absolute population estimation based on capture-
mark-recapture methods it is necessary to have identified permanent wetlands that provide habitat 
for L. aurea over a long-time frame. It should be recognised that this puts a bias on the ecological 
value of permanent wetlands at the expense of considering the value of ephemeral wetlands.  
  
At present, the factors that affect reliable estimates of population size are: 

o Understanding the extent to which detectability affects survey counts, 
o A quantitative understanding of the effect of habitat (e.g. wetland physiognomy) upon 

distribution/abundance (there is a qualitative exploration of this in Section 3.7), and 
o Quantitative information on the extent of different wetland physiognomies across KI (for both 

surveyed and unsurveyed wetland areas). 
 

Consider for example, wetland K105A. It is too large to survey completely, and we survey a smaller 
part of it (approximately 25%). The area surveyed incorporates stretches of thick Typha and/or 
Phragmites stands around the wetland edges, patches of Schoenoplectus, grassy banks with Juncus, 
and a rocky bank.  Repeated experience with this survey indicates that the distribution of L. aurea 
across these zones is non-uniform.  When extrapolating from survey counts to total estimates for 
this wetland, it would be preferable to weigh the extrapolation according to the extent of habitat 
structures in the unsurveyed part of the wetland; but these have not been measured. 

  
2. Demography 

a. Age/sex class structure: For those frogs were age/sex class was identified, approximately half 
of the L. aurea detected in each round were juveniles. Of the individual adults captured and 
identified, 2/3 were males.  
  
Cohorts that were tadpoles at the start of the season were large juveniles or small adults by 
the autumn. Tadpoles that were spawned in the middle of the breeding season were juveniles 
by the end of the season. 
  
Most adult females were smaller than 70 mm (Figure 3.4.4), suggesting that they were in their 
second year. Although this is smaller (and, by inference, younger) than adult females in other 
populations, candling indicates that many of these were nevertheless gravid and thus sexually 
mature (see 2b below). The proportion of adult females with an SVL > 70mm is small; given 
the pattern of survivorship inferred from data on persistence (3a below), it appears that only 
a very small number of females survive until their 3rd year. Fortunately for the Kooragang 
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Island  L. aurea population, the effective population size does not appear to depend entirely 
on those older adult females. 
  

b. Recruitment: Within the Industrial Zone, breeding was documented mainly in the constructed 
HDC wetlands (K111-114, K117-118, K121-123); the other areas with significant breeding 
were K104 and K105B, and also K46. In all of these Gambusia density was low or zero. 
 
For the wetlands monitored as part of the Island-wide Survey program, evidence of breeding 
was limited to two wetlands in the NCIG CHEMP and three wetlands in the BHP CHEMP. Note, 
however, that each CHEMP has many more wetlands than are included in this Island-wide 
survey program; they are each more completely investigated as part of separate research 
projects. Numerous additional breeding events and recruitment were recorded in these 
habitats, but this information is not included here. Clearly, the population of L. aurea in these 
habitats provide important wetland connectivity in the landscape of the island (as well as 
increasing the overall Kooragang Island population estimate). 
 
For those events that are monitored as part of the island-wide surveys presented in the 
current report, cohort analysis (Section 3.4) indicated several episodes of breeding: 

i. After spawning following significant rain in the previous autumn, some tadpoles 
overwintered and metamorphosed in early spring, becoming mid-sized juveniles 
in late spring and large juveniles in mid-summer (e.g. K29, K104, K105B) 

ii. Early spring rain initiated a breeding event, tadpoles were detected (K114, K122), 
and very small juveniles (K111, K115, K121, K46), in early summer, and as larger 
juveniles in mid-summer. 

iii. Early summer rain resulted in further breeding; in mid-summer we detected 
tadpoles, metamorphs, and very small juveniles in K114, as well as very small 
juveniles in 105B. 

iv. Late summer/autumn rain stimulated a large breeding event with widespread 
chorusing throughout March, tadpoles detected in late March, and tadpoles and 
metamorphs detected in late April (K112-114, K121-123, K104). 

Breeding is strongly linked with rain events and the absence of Gambusia.  Significant 
breeding was observed in wetlands with hydroperiods ranging from ephemeral to semi-
permanent and nearly permanent. Chorusing by males occurred in open water, at or close to 
the water surface, either in the middle part of the wetland or where they have access to 
flooded emergent vegetation at the wetland edge.  The largest chorus observed in 2017-18 
was in K105B, in part of the wetland that has a shallow sloping bottom and large areas of 
flooded grass. 

  
  

c. Gravid females: 70%-80% of females between 64 and 70 mm SVL were identified as gravid: 
that proportion was higher for larger females, but decreased to between 10% and 40% for 
females smaller than 62 mm SVL. The smallest female considered to be gravid was 52 mm SVL 
(Figure 3.6.4).  
  
Currently, candling is used to document gravity, but candling is an imperfect technique. 
Hormone analysis would be more reliable; nevertheless, available information suggests that 
female bell frogs reach reproductive maturity on KI earlier than has been described for other 
sites.  This might be an artefact of sampling effort/technique, but if born out (by e.g. hormone 
analysis) may indicate a rapid evolutionary response to selection pressures on KI. The most 
obvious potential selection pressure is chytrid infection. Whatever the reason, it appears that 
the proportions of adult females present are higher than has been understood earlier in this 
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15, although K100A in particular is known to have support large numbers of L. aurea in the 
years previous to the period shown in Section 3.9. Within the rail loop,  K108 held large 
numbers prior to 2015-16; a decline in the L. aurea supported there since 2015-16 has been 
at least partially counteracted by increased numbers in other parts of the rail loop following 
the construction of new wetlands (see points 4b and 7 below). A large number of the 
wetlands known to support L. aurea breeding in the 2017-18 are located in the southern 
Industrial Zone. 
  
Within the northern part of the Industrial Zone, K29 held large numbers of L. aurea, although 
not as much as the very large numbers detected in 2016-17. The other wetlands with large 
numbers of L. aurea were K104, and K105 (in particular K105AS and K105B). Densities at 
K106C were especially high. Bell frogs were also present at C1, K103, K34, K31, and K42, 
although at lower densities. They were absent from the ephemeral wetlands K106A and 
K106B throughout most of the season, but were found in K106B once that wetland held water 
following late season rain.  
  
 
 

b. Landscape factors affecting distribution, abundance, and recruitment: 
i. Habitat: L. aurea make use of both aquatic and terrestrial habitats. Whilst the former are 

understood to be essential for the long term presence of L. aurea in an area, the later 
are used for foraging and for dispersal between wetlands. In some contexts, the 
availability of suitable terrestrial habitat could perhaps limit L. aurea distribution and 
abundance; however, on Kooragang Island there is no evidence that terrestrial habitat 
is limited and it is considered unlikely that the population is constrained by this 
component.       
  
Aquatic habitats are used by all stages of the L. aurea life cycle. They are obviously 
essential for successful breeding, and in this respect wetlands that provide suitable 
breeding habitat are a particular focus for conservation management of L. aurea. 
Wetlands are used for foraging, short-term occupancy, and with respect to connectivity 
of habitat, as 'stepping stones' across the landscape. However, the long-term 
occupancy of L. aurea in an area seems to depend on wetlands that consistently 
provide access to water (i.e. a nearly-permanent or permanent hydroperiod) and 
protection (usually through the presence of dense banks of emergent reed species 
fringing the wetland). Such wetlands are referred to as 'refuge' habitats (Clulow, 2014)  
and are typically (but not always) occupied by significant numbers of adult bell frogs 
(they may also provide breeding habitat as well). bƻǘŜ ǘƘŀǘ ƻǳǊ ǳǎŜ ƻŦ ΨǊŜŦǳƎŜΩ ƛƴ ǘƘƛǎ 
ŎƻƴǘŜȄǘ ƛǎ ƴƻǘ ƛƴ ŀƴȅ ǿŀȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ŎƻƴŎŜǇǘ ƻŦ ΨǊŜŦǳƎƛŀΩ ǘƘŀǘ ƛǎ ǳǎŜŘ 
connection with large scale habitat alteration and/or climate change. Rather, it refers 
simply to a permanent or semi-permanent wetland that consistently holds large 
numbers of adult L. aurea on Kooragang Island.   
  
In understanding the distribution of suitable habitat for L. aurea across a landscape, the 
spatio-temporal pattern of both breeding and refuge habitats appears to be an 
important consideration. The wetland physiognomies (i.e. the physical characteristics of 
habitat within a wetland) that appear to be linked to a role as a refuge habitat are 
explored in section 3.7; the wetlands that consistently held the largest numbers of 
adults tended to be large, have extended hydroperiods (i.e. permanent or nearly 
permanent), provide large extents of open water, and are fringed with dense edge 
vegetation and deep water close to at some of those edges (Figure 3.7.1). However, 
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3.2. Compensatory Habitat Management 

Conservation Volunteers Australia commenced another successful fox baiting 
program on behalf of NCIG at the Green and Golden Bell Frog Compensatory 
Habitat in December 2017. At the end of this reporting period 13 fox baits had been 
taken over 3 days of baiting, suggesting high fox activity in the area. The fox baiting 
program will continue into January 2018. This fox baiting program runs 
collaboratively with BHP, who manage a separate Green and Golden Bell Frog 
offset on Ash Island. The coverage of the baiting was also extended this season to 
include the NCIG Migratory Shorebird Habitat. 

To improve the success of NCIGôs Green and Golden Bell Frog Trial Ponds, 
Conservation Volunteers Australia revegetated the Trial Ponds on behalf of NCIG. 
The project involved the planting of approximately 1900 plants, comprising primarily 
of native grasses/ground cover in addition to shrubs and trees. This project 
concluded in late December 2017 and will now require ongoing maintenance in 
2018 including watering and weed removal. 

 

 
Figure 2: Green and Golden Bell Frog Trial Pond Revegetation Plan 
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Additionally, he possesses a strong skillset in field investigations and on-ground 

monitoring. 

Hydrology Monitoring 
 

Introduction 

Tides play an important role in the water balance and functioning of coastal wetlands. 

Therefore, any change in the tidal regime of a coastal wetland may affect their surface water 

hydrology, sediment characteristics and subsequently vegetation patterns. As surface and 

groundwater are closely linked in tidal wetlands, variations in surface water hydrology can 

also cause groundwater levels to fluctuate. To investigate these potential changes, we have 

installed monitoring piezometers within the wetland. 

Groundwater Level monitoring 

Fifteen piezometers have been installed through three transects at the site as shown in Figure 

2. Table 1 presents the piezometer coordinates which are also well aligned with the 

vegetation survey plans (shown later in the report). A hand-held auger was used to dig holes 

down to the water table (average 0.4 m from ground level) and 2 m PVC pipes with 50 cm 

long screens attached to the end were installed to allow groundwater to infiltrate into the 

pipes. The slotted section of the pipe was covered with geo-fibre to prevents soil particles 

blocking the slots. The installation was done with minimal disturbance to the environment. 

Data obtained by these piezometers will be used to create groundwater level maps and assess 

groundwater temporal and spatial variations within the wetland tidal flats. In addition to 

groundwater depth, these piezometers will be used to sample groundwater quality including 

dissolved organic and inorganic carbon, nitrate, ammonium, phosphate and trace metals. 

These will then be compared with concentrations in surface water to assess how 

groundwater level fluctuation affects surface water quality over diurnal tidal cycles.  

Subsurface flow is expected to significantly affect the ecological environment and 

ecosystem function of Area E wetland. Therefore, the piezometer work and groundwater 

level monitoring will be tied in with the vegetation sampling to gain insight on the role 

subsurface hydrology plays in governing the behaviour of salt marshes, in particular, 

nutrient exchange, plant zonation and carbon cycling. 
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 Figure 2. Piezometer location at Area E 

 

Table 1. Piezometer coordinates 

Number Lat Long 

1 -32.8684 151.7171 

2 -32.8685 151.717 

3 -32.8673 151.7163 

4 -32.8674 151.7161 

5 -32.8666 151.7155 

6 -32.8667 151.7153 

7 -32.8669 151.7178 

8 -32.8666 151.7179 

9 -32.8685 151.7181 

10 -32.8665 151.7156 

11 -32.8664 151.7157 

12 -32.8669 151.7166 

13 -32.86845 151.71814 

14 -32.86873 151.71668 

15 -32.86615 151.71807 
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Groundwater ï surface water interactions  

To gain insight on the groundwater-surface water connectivity in the wetland, we plan to 

qualitatively and quantitively assess the role of groundwater seepage into the wetland (Fish 

fry creek and flats) and its potential effects on the surface water quality of Fish Fry creek. 

This will be done using a combination of natural groundwater tracer technique, surface 

water time series measurements and groundwater and surface water quality testing.  

Initial investigations carried out recently at Fish Fry creek showed considerable amount of 

groundwater (detected by radon, natural groundwater tracer) discharging into the Creek. 

Data collection started at low tide (9:00 am) and finish at tight tide time (3:00 pm). Figure 

4 illustrates the equipment set up during the sampling campaign (28/11/17). Figure 5 shows 

water level, salinity, pH and radon concentrations during this time. 

 

 
Figure 4. Equipment set up during a sampling campaign on 28/11/17. 
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Figure 6. Aerial image of Fish Fry Flats (November 2017)   

 

 

Objectives for 2018 

Based on our accomplished on-ground surveys and data collection in 2017, we highlight the 

following objectives to be carried out in 2018. We plan to determine the: 

(1) effect of restricted tidal exchange on the surface and groundwater connectivity of the 

wetland  

(2) long-term groundwater level fluctuations using piezometers 

(3) effect of water table oscillation on the physical and chemical characteristic of the 

wetland sediment and  

(4) influence of tidal restriction on vegetation (saltmarsh) recruitment over spatial and 

temporal patterns.  

Summary  

 

Preliminary results indicate that groundwater significantly influences the hydrology of the 

wetland. To investigate this in more detail, we propose to carry out additional groundwater 

tracer time series measurements to quantify groundwater discharge into Fish Fry Creek. 













Results 
 

Raw Excel spreadsheet data derived from this 2017 shorebird survey is supplied to, and available 

from, NCIG. A large amount of data was collected, therefore, for the purposes of this report the 

results are here presented as summaries, tables and graphs.  

 

All Shorebirds 

 

39 shorebird species were recorded from all sites in Area E, as presented in Appendix-A. Figs-2 

& 3 below are taken from Graphs 1 & 3 in Appendix C. 

 

Results of this survey suggest that all shorebird species richness declined slightly for the 

reference sites (App-C). This may be due to the slow drying out of the reference ponds through 

the year. At Fish Fry Flat the “all shorebird” species richness can be seen to increase through 

2017 for Day High Tide surveys (Fig-2). While the reference sites were drying out during 2017 

Fish Fry Flat retained regular tidal flows. This may have influenced the increase in species 

richness for Fish Fry Flat. Similar species richness results are observed (App-C) for the Day 

Low Tide. 

 

Total abundance of all shorebird species at Fish Fry Flat appeared to remain level through 2017 

except for a spike in the May survey (Fig-3) caused by a high number of Teal at that time. 

Similar abundance results are observed (App-C) for the Day Low Tide. Total abundance of all 

shorebirds appeared to be declining at the reference sites except at Swan Pond North where the 

total abundance increased through the year (App-C). By the end of December the abundance of 

all shorebirds declined dramatically, even at Swan Pond North, probably because the ponds had 

almost completely dried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ï 2 

Fish Fry Flat had a trend 

of increasing species 

richness of all shorebird 

species through the year. 

Figure ï 3 

Total abundance of all 

shorebird species 

remained stable through 

the year, except for the 

spike (of Teal) in May. 







 

Discussion 
 

For migratory shorebirds, from either the Northern Hemisphere or New Zealand, the Hunter 

Estuary, including Area E and Fish Fry Flat, is used only as forage and refuge habitat. Each 

species will disperse themselves on low tide into their various favoured foraging habitats 

including exposed mudflats, shallow water etc. However, all these migratory shorebird species 

require safe high tide roosts, during day or night. High tide roosts often support an aggregation 

of mixed species of migratory and other shorebirds. No aggregation of shorebirds were observed 

using Fish Fry Flat as a high tide roost. There was observed in the shallow waters of Swan Pond 

North, during both day and night surveys, dense single species congregations of obviously 

roosting shorebirds such as Red-necked Avocets and Black-winged Stilts.  

 

Part 2 of the MERI plan recommends a number of Key Evaluation Questions which are further 

subdivided into “specific questions” in Table-1 of Part 3 of the MERI plan. The first of these 

questions applies specifically to shorebird usage of Area E after mangrove removal from the 

activity area (Fish Fry Flat). The second question applies to habitat usage by White-fronted 

Chats. These are addressed below. 

 

 

Key Evaluation Questions 

 

1. To what extent did mangrove removal affect shorebird usage of the Activity Area, 

reference sites and Hunter Estuary? 

 

Specific questions 

 

Did shorebird abundance change? 

Through the year all shorebird abundance was apparently stable at Fish Fry Flat (the Activity 

Area) and increased at Swan Pond North. However, all shorebird abundance declined 

dramatically at the reference sites by December 2017 because of drying conditions, the ponds 

had almost completely dried out.  

 

Did shorebird species diversity change? 

Species diversity/richness of all shorebirds increased through the year at Fish Fry Flat. Mangrove 

removal from Fish Fry Flat appears to have allowed use of this area by an increased diversity of 

all shorebird species. All shorebird species diversity appears to have declined through the year at 

the reference sites, probably due again to drying out of reference site ponds. Compared to data 

from 2015 surveys there was an increase in migratory species diversity at Fish Fry Flat. During 

the 2015 survey no migratory shorebirds were recorded at Fish Fry Flat whereas during this 2017 

survey six (6) migratory shorebird species were recorded in this area. 

 

Did shorebird behavior change? 

Most observations of shorebirds at Fish Fry Flat were of birds foraging. Occasionally some birds 

such as Cormorants or Ibis were obviously resting or roosting. However, there was no obvious 

large, mixed species, roosting aggregation of migratory shorebirds. Fish Fry Flat does not appear 

to support high tide roost habitat for migratory shorebirds. During 2017 migratory shorebirds 

were observed to continue normal use of high tide roosts elsewhere in the Hunter Estuary. 

 

 









APPENDIX - A All species recorded during 2017 Area E survey

Common Name Scientific Name

NSW       

BC Act 

Status

Comm 

EPBC Act 

Status

North 

West 

Pond

Fish 

Fry Flat

Swan 

Pond 

South

Swan 

Pond 

North

Wader 

Pond

Red-necked Avocet Recurvirostra novaehollandiae Mar Y Y Y Y Y

Great Cormorant Phalacrocorax carbo Y

Little Black Cormorant Phalacrocorax sulcirostris Y

Little Pied Cormorant Microcarbo melanoleucos Y Y Y Y

Eastern Curlew Numenius madagascariensis CE,C,J,K Y Y

Black-fronted Dotterel Elseyornis melanops Y Y Y Y

Red-kneed Dotterel Erythrogonys cinctus Y Y Y

Pacific Black Duck Anas superciliosa Y Y

Eastern Great Egret Ardea modesta Mar,C,J, Y Y Y Y Y

Intermediate Egret Ardea intermedia Y

Little Egret Egretta garzetta Y Y Y Y

Bar-tailed Godwit Limosa lapponica V,C,J,K Y Y

Common Greenshank Tringa nebularia Mig,C,J,K Y Y Y Y

Silver Gull Chroicocephalus novaehollandiae Y Y Y Y

Striated Heron Butorides striatus Y

White-faced Heron Egretta novaehollandiae Y Y Y Y Y

Australian White Ibis Threskiornis molucca Y Y Y Y Y

Straw-necked Ibis Threskiornis spinicollis Y

Red Knot Calidris canutus E,C,J,K Y

Masked Lapwing Vanellus miles Y Y Y Y Y

Nankeen Night Heron Nycticorax caledonicus Y Y

Australian Pelican Pelecanus conspicillatus Y Y Y Y

Double-banded Plover Charadrius bicinctus Mig Y

Pacific Golden Plover Pluvialis fulva Mig,K Y Y

Red-capped Plover Charadrius ruficapillus Mar Y Y Y Y Y

Buff-banded Rail Gallirallus philippensis Y

Curlew Sandpiper Calidris ferruginea E1 CE,C,J,K Y Y





APPENDIX - B   Migratory shorebirds, species and abundance
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Graph ï 5 

 

All shorebird 

species richness at 

all sites in Area E 

during night high 

tide.  

Graph ï 6 

 

All shorebird 

species richness at 

all sites in Area E 

during night low 

tide.  

Graph ï 7 

 

All shorebird total 

abundance at all 

sites in Area E 

during night high 

tide.  

Graph ï 8 

 

All shorebird total 

abundance at all 

sites in Area E 

during night low 

tide.  
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GGBF tadpoles or metamorphs in the constructed habitats during the survey 
period. 

 
Table 1. Records of male GGBF calling and observations of GGBF in amplexus in 
the NCIG compensatory (January - March 2018).  

 

 
 
 
 
 
 
 
 
 
 
 

 
2.2. Compensatory Habitat Management 

2.2.1. Fox Control 

The Fox Baiting program was undertaken between October and December 
2017, across 10 sand pad stations using 1080 ground baits. The program 
has been very successful to date, with baits taken consistently each run. 
During the baiting period, a total of 69 baits were taken at a strike rate of 
63% per bait laid, and an average take rate per run of 29% across all 
stations.  



 

 

  

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 and 2: Ash Island Fox Baiting Performance (20 Oct- 22 Dec 17)



 

 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 3: GGBF Compensatory Habitat Fox Baiting Locations 
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Figure 6: Stage 2 After the Fire 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: New Bunding Locations in Stage 1 

 

















 

 Compensatory Habitat and Ecological Monitoring 
Program – Half-yearly Report (January-June 2018) 

Page 16 of 26 

 

 

 

  

 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Rainfall, depth to groundwater and groundwater conductivity time series 

data from 1st January 2018 
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Results  

Rainfall 

Average maximum temperatures were above average, and rainfall below average, for what was a hot, 
dry month in January, 2018 (Figure 1).  This was associated with declining ground water and above 
ground water levels in ephemeral and permanent water bodies, and with complete drying in various 
ephemeral ponds.  The first substantial rainfall for the period occurred on 20th February followed by 
heavier rain (54 mm) on 26th February; this resulted in partial to complete filling of a number of 
ephemeral ponds in the system. This was followed up in the following month with two consecutive 
days of heavy rain on the 21st and 22nd of March in which a total of 144 mm was recorded. This second 
large rainfall event of the summer season further filled most ephemeral ponds to 100% capacity as 
well as filling a number of permanent ponds, resulting in some ponds overtopping within the system. 
The rainfall event also resulted in local flooding of some ponds within Stages 1-7 and the connection 
(joining) of ponds not separated by bunding from other ponds within stages. 

 

 

Figure 1. Average air temperatures for the months January to April in 2018 and average air 
temperatures from 1942-2018, recorded from the Williamstown weather station (061078) 
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4.6 ephemeral 0 Medium 0 1 0 1 0 
4.7 permanent 0 Medium 80 30 0 18 23 
4.8 permanent 5 Medium 117 3 0 0 0 
4.9 ephemeral 11 Absent 0 1 0 0 0 

4.10 permanent 0 High 497 4 0 0 0 
4.11 permanent 0 Low Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
5.1 ephemeral 0 Absent 0 0 0 0 0 
5.2 ephemeral 2 Absent 0 0 0 0 0 
5.3 ephemeral 0 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
5.4 ephemeral 2 Absent 2 0 0 0 0 
5.5 ephemeral 2 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
5.6 ephemeral 1 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
5.7 permanent 0 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
5.8 permanent 2 Unknown Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
6.1 ephemeral 0 Absent 0 0 0 0 0 
6.2 ephemeral 3 High 270 2 0 0 8 
6.3 permanent 2 High 5 3 0 2 11 
6.4 ephemeral 0 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
6.5 ephemeral 2 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
6.6 permanent 2 High 2348 12 0 0 8 
7.1 permanent 5 High 403 3 0 0 2 
7.2 ephemeral 7 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
7.3 ephemeral 9 Absent Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 

K58B ephemeral 2 NA Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net Did not Fyke net 
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Table 2. Pond structure and water chemistry. Summary of the data collected for all NCIG compensatory habitat ponds surveyed between the months of 
January to March 2018.  Pond type (ephemeral or permanent) and presence/absence and relative abundance Gambusia shown. The total number of GGBF 
recorded at each pond for the 3 month of data collection are shown. Water quality data for each pond includes mean and standard deviations, as well as the 
minimum and maximum water depth recorded for the season at each pond.  Missing values for standard deviations indicate insufficient data to calculate.   
Abbreviations: Temp = Temperature; Sal = Salinity; DO = Dissolved Oxygen. 

Pond Type 
Number 
of GGBF 

Gambusia 
abundance 

Average 
of pH 

Standard 
Dev (+/-) 

Average 
of 

Temp 
°C 

Standard 
Dev (+/-) 

Average 
of Sal 
(ppt) 

Standard 
Dev (+/-) 

Average 
of DO 
(mg/L) 

Standard 
Dev (+/-) 

Maximum  
of Depth 
recorded 

(cm) 

Minimum 
of Depth 
recorded 

(cm) 
1.1 permanent 1 High 9.43 0.15 25.00 1.42 1.11 0.02 31.75 52.19 126.00 66.00 
1.2 ephemeral 6 None 7.45 0.54 25.55 2.33 32.19 43.79 4.64 0.34 10.00 0.00 
1.3 ephemeral 11 None 5.45 1.49 23.17 2.59 1.41 0.67 3.10 3.03 52.00 23.00 
1.4 ephemeral 3 High 8.44 0.18 24.27 2.92 1.67 0.42 5.66 3.42 106.00 81.00 
2.1 permanent 0 High 7.41   27.30   19.76   4.85   27.00 5.00 
2.2 ephemeral 0 Low 6.69 0.01 23.85 1.91 2.46 0.16 5.25 4.09 140.00 115.00 
2.3 permanent 1 Low 5.86 0.99 27.80 2.40 5.08 2.96 4.62 4.19 58.00 38.00 
2.4 ephemeral 1 High 4.84 0.38 26.55 0.21 5.97 3.89 4.05 2.70 28.00 11.00 
3.1 ephemeral 0 None 7.31 0.71 23.65 3.18 0.44 0.05 4.03 1.65 10.00 0.00 
3.2 ephemeral 0 None 6.78   25.70   0.40   5.15   6.00 0.00 
3.3 permanent 1 Medium 8.17 0.73 26.37 0.06 1.59 0.44 5.03 3.85 150.00 127.00 
3.4 ephemeral 0 None 7.39   26.00   0.85   5.79   30.00 0.00 
3.5 ephemeral 1 None 7.06   26.00   0.71   5.91   40.00 0.00 
4.1 permanent 5 Medium 8.07 0.35 26.23 2.47 0.48 11.03 2.35 1.85 82.50 25.00 
4.2 permanent 2 High 6.85 0.14 25.93 1.80 0.78 11.24 2.79 1.99 128.00 127.00 
4.3 permanent 0 High 7.43 0.09 25.70 1.95 0.34 0.37 5.42 2.10 135.00 25.00 
4.4 permanent 1 High 7.23 0.30 26.27 1.10 0.54 0.05 2.74 2.61 95.00 125.00 
4.5 ephemeral 1 None 6.35 0.08 24.43 3.06 0.57 0.09 2.68 1.51 100.00 75.00 
4.6 ephemeral 0 Medium 6.63 0.17 25.00 1.96 0.50 0.52 2.71 1.49 128.00 10.00 
4.7 permanent 0 Medium 7.33 0.51 27.10 1.77 0.26 0.38 5.34 1.67 75.00 10.00 
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6 Monthly Works Overview ς January - June 2018 
 
 
Weed Control 

¶ Weed control spraying was undertaken throughout the broader GGBF licence areas this period, 
targeting priority weeds including Blackberry, Juncus acutus, Bitou Bush and Lantana, as indicated 
in Appendix A. The majority of dense infestations of these weeds are now under control and now 
are in maintenance phase to control regrowth. 

¶ Targeted spraying for Alligator Weed was undertaken, predominantly throughout the eastern 
extent of Licence Area 10. Monitoring this period indicated that the extent of this infestation was 
greater than previously known. This infestation became more prominent after wild fire burnt off 
the majority of overlying vegetation (Kikuyu grass), and Alligator Weed regenerated and expanded 
rapidly from sub-surface stolons not affected by fire. It is recommended that control in this area 
and Macrophyte Trench / KWRP Ponds is undertaken at a greater frequency next annual period, to 
ensure the extent of infestation is reduced. 

¶ Weed control spraying was undertaken throughout the Shorebird licence area (Area E) this period, 
targeting scattered occurrences of Juncus acutus, Bitou Bush, and Groundsel Bush. 

¶ The majority of spraying was undertaken with backpacks, and the 250L Rapid Spray unit. Spraying 
of Alligator Weed in wet areas using Metsulfuron Methyl mix was undertaken using off-label permit 
PER14734. 

¶ Slashing the interior and exterior of the frog fence in Stage 1 was undertaken to ensure vegetation 
growth did not exceed 300 mm 1m from the fence line. 

¶ Site reports detailing works conducted are contained in Appendix C.  
 
Fox Control 

¶ The Fox Baiting program was undertaken between October and December 2017, across 10 sand 
pad stations using 1080 ground baits. The program has been very successful to date, with baits 
taken consistently each run. A total of 69 baits were taken at a strike rate of 63% strike rate per 
bait laid, and an average take rate per monitoring run of 29% across all stations. The table below 
and figures show a detailed summary of the results to date. Appendix B shows the bait station 
locations. 
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4. Drone Survey 

 
A total of four drone surveys have been conducted to date. Drone surveys were conducted on the 

13th February, 5th July and 19th October in 2017 and 4th April 2018. An eBee RTK survey grade 

aerial drone was flown over the site and the data was processed using the Pix4D advanced 

photogrammetry software to create a digital elevation model for the study site. A total of 6 (six) 

ground control points were distributed around the site during each survey to increase the accuracy 

of the drone survey. Using the same software, a high resolution, georectified ortho-mosiac was 

also produced. 

The created elevation model was used to investigate changes in land elevation after the removal 

of the mangroves from the area, specifically during the period from February 2017 to April 2018. 

Two cross sections (A and B) covering the width of Fish Fry mud flats with South West to North 

East orientation (the starting point being close to Hunter River) were chosen for this purpose. 

Cross section A is close to the SmartGates, while cross-section B is after the power transition 

pole at Area E and is 220 m in length. Figures 6 and 7, below show the location of the cross-

sections.      

Figure 8 shows the elevation profile for cross-section A. At the 130m distance from the starting 

point (red line in Figure 6) a comparison between data from 13/2/2017 (the dark blue line) and data 

form 5/4/2018 (the light blue line) depicts a slight increase in elevation at this location over the 1-

year period. Figure 9 shows the elevation profile for cross-section B. Similar to cross-section A, 

comparison between elevation lines for the same dates (February 2017 and April 2018) shows a 

very minor variation in elevation at this location. However, during this 1-year period a slight 

increase in elevation is observed at the mud flats on the South West side of Fish Fry creek whilst 

an opposite trend or a slight decline is seen towards the North East of Fish Fry creek. This decline 

could possibly be the effect of inundation during flood tides causing minor erosion with the 

removal mangroves that would usually reduce these effects or organic subsidence. However, 

elevation variations at Area E are less than 0.1 meter and are within the uncertainty of the 

measurement techniques used. Therefore, changes at this stage are considered not significant. As 

land elevations and soil physical properties tend to change over a longer time period compared 

to vegetation, it is recommended to continue the drone surveys every 6 months to capture 

potential land elevation changes at the site.    
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Figure 6. Location of the first cross section (A) at Area E.  

 

 Figure 7. Location of the second cross section (B) at Area E.  
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Figurer 8. Elevation profile for the first cross section at Area E. Red line:19/10/2017, Green line: 8/9/2017, Dark blue line: 13/2/2017, Light blue line: 5/4/2018 
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in the period between February 2017 to April 2018. Drone surveys and surface water and 

groundwater quality monitoring will be continued in 2018.  
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Figures 

Figure 1: Locations of the control (C) and reference (R) sites in relation to the study site 
(S) to be used for this study. 5 

Figure 2: Digital Elevation Model detailing the strata from saltmarsh above highest tide 
(1) to mudflat (5) sampled in this study. 6 

Figure 3: A quadrat used at Area E. Note the tape and pegs used for initial and 
subsequent sampling events. 7 

Figure 4: The quadrat placement process used in this study 7 

Figure 5: Procedure used for extracting sediment samples. 8 

Figure 6: Sieving of the core samples for removing coarse matter and fine sediment. 9 

Figure 7: Saltmarsh vegetation cover and number of species per quadrat at each strata 
sampled in Area E at the sampling events of November 2017 and February 2018. 10 

Figure 8: Percentage cover of bare ground and Organic litter per quadrat for each strata 
sampled in Area E at the sampling events of November 2017 and February 2018. 11 

Figure 9: Average number of crabholes per quadrat for each strata sampled in Area E  
at the sampling events of November 2017 and February 2018. 12 

Figure 10: Carpets of new seedlings seen at Fish Fry Flats on May 2018. 12 

Figure 11: some of the infauna found so far at Area E including crab shrimp (A), bivalve 
(B), insect larvae (C), bristle worm (D) and amphipod (E) 13 
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1 Overview 
As part of their environmental offset, Newcastle Coal and Infrastructure Group (NCIG) have 

been leased critical shorebird habitat on Area E, Kooragang Island, to restore which they have done 

by means of encouraging saltmarsh growth by removing mangroves and installing floodgates (NCIG 

2015). In order to determine the trajectory of the habitat restoration in with regards to overall 

functioning and delivery of ecosystem services, NCIG has partnered with the University of Newcastle 

to help identify, measure, and track these. This report gives an overview of the measures taken, the 

methodology, and preliminary results to date. 

 

1.1 Measures 
Ecological indicators, components of a system that are indicative on its health and 

functioning, can be reliably used to measure and identify restoration success with regards to habitat 

functioning and delivery of ecosystem services (Ruiz-Jaen and Mitchell Aide 2005, Brudvig 2017). 

For this study, various indicators of saltmarsh functioning that affect its value as shorebird habitat, 

including plant diversity and cover, organic litter, crab holes, and macro and meio infauna (organisms 

that live in the soil) are being measured. 

 

2 Methods 

2.1 Sites 
In addition to the study site at Area E, 4 control and reference sites have been selected to 

compare the measures taken at Area E (Figure 1, outlined below). Control sites were selected for 

having a similar disturbance history both direct (e.g. grazing, invasive species, and vehicle use) and 

indirect (e.g. flood gates, eutrophication from farms and roads, and changes in surrounding 

communities) and reference sites were selected for having limited to no past disturbance as per Hobbs 

and Harris (2001). 

 

2.1.1 Control and Reference sites 

4 sites have been selected (Figure 1). The two control sites, Cobbans Creek and Crabhole 

Flats, will each be sampled 2x per year starting the end of June, (~5 sampling events by June 2020, 

project end. Of the two reference sites, Wagtail Way East will also be sampled twice per year with the 

control sites where Twelve-Mile Creek will be sampled once per year starting in November due to 

difficulty with access 

. 
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