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1.

INTRODUCTION

1.1

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

This is the eleventh AEMR prepared for the Terminal which includes the ninth year of terminal operation and covers the period July
2018 to June 2019 (inclusive).

The AEMR reviews the performance of the Terminal against the requirements of the Project Approval and provides an overview of
environmental management actions and summarises monitoring results over the 12-month reporting period. The AEMR will be
distributed to relevant government agencies and stakeholders, and copies provided to other interested parties, if requested.

APPROVALS, LEASES, LICENCES AND PERMITS
Site operations are being undertaken under the approvals, leases, licences and permits presented in Table 1-1.
Table 1-1: Project Approval, Leases, Licences and Permits

INSTRUMENT RELEVANT AUTHORITY DATE GRANTED DURATION OF APPROVAL

PA 06_0009 NSW Department of Planning 13 April 2007 5 years unless substantially
and Environment (now commenced
Department of Planning, Industry
and Environment (DPIE))
Modification of Minister’s DPIE 27 November 2007 N/A (conditions appended to
Approval MP06_0009 the PA)
Modification of Minister’s DPIE 13 May 2013 N/A (conditions appended to
Approval MP06_0009 MOD2 the PA)

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

Environmental Protection NSW Environment Protection 26 October 2007 Until the Licence is surrendered

Licence (EPL) (No. 12693) Authority (EPA) or revoked. The Licence is
subject to review every 5 years.

Environment Protection and Commonwealth Department of 11 October 2006 Perpetuity
Biodiversity Conservation Act the Environment and Energy

1999 Particular Manner Decision (DoEE)

(EPBC 2006/2987)

Maritime Services Act 1935 NSW Roads and Maritime 02 October 2007 Perpetuity
s13JE Services

Environmental Representative DPIE 03 October 2007 Perpetuity

Project Ecologist DPIE 02 May 2007 & Perpetuity
25 October 2007
Licence for Minor Operations — NP&WS 31 March 2014 5 years (currently in process
Green and Golden Bell Frog of renewal)
Compensatory Habitat
Determination Notice for NP&WS 7 March 2013 Perpetuity
External Proponents — Green
and Golden Bell Frog
Compensatory Habitat (Ref No.
CCHR 1317_17)
Deed for the provision of (the Minister for) NP&WS 22 February 2016 Cessation of NCIG Coal Export
compensatory habitat for Terminal (CET), surrender of PA
migratory shorebirds on 06_0009 or expiry of the lease
Kooragang Island (Area E)
Determination (NP&WS) — NP&WS 28 June 2015 Perpetuity
Shorebird Compensatory
Habitat project at Fish Fry Flats
(Appl No. CCHR 1415_21)
Licence for Minor Operations — NP&WS 15 December 2015 Up to 35 years (until 14
Shorebird Habitat Compensation December 2050)

AreaE, Kooragang Island
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4.2

421

422

METEOROLOGY

Environmental Management

In accordance with Condition 2.8, Schedule 2 of PA 06_0009, an onsite automated meteorological monitoring station was operated
during the reporting period to monitor weather conditions representative of the site. This station was installed on the NCIG site in
accordance with the requirements of the OEMP.

The automated meteorological monitoring station allows parameters such as wind direction to be used in the control of stockyard
sprays. This includes activation of sprays based on evaporation of surface moisture from the coal stockpiles and deactivation of sprays
under wind conditions where sprays would otherwise be ineffective in reaching coal stockpiles.

NCIG also receives additional forecast data for rainfall, with forecast data provided seven days in advance. This information is used
to assist with surface water management. A screenshot of the rain forecasting interface is shown in Figure 4-2.

Figure 4-2: Rain Forecasting Interface

Environmental Performance
Table 4-2 outlines the monitoring locations, meteorological parameters recorded and frequency of monitoring for the Project in
accordance with the OEMP.

Table 4-2: Summary of Meteorological Monitoring Program

Monitoring Parameter Monitoring Sites Frequency Criteria
Project automated Continuously monitored and N/A
meteorological station *. the data averaged over 15-

minute periods.

1 The location of the monitoring sites is shown on Figure 4-1.

2 Sigma theta is the standard deviation of wind direction. The variability of wind direction can be used as an indicator or turbulence and mixing of the air.
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https://www.epa.nsw.gov.au/-/media/epa/corporate-site/resources/air/07001amsaap.pdf
https://www.epa.nsw.gov.au/-/media/epa/corporate-site/resources/air/07001amsaap.pdf

Figure 4-5: Monthly Depositional Dust
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Figure 4-6: Annual Average Depositional Dust
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Table 4-16: Avifauna 2018 Monitoring Results — Deep Pond North

Species 12/01 16/02 16/03

Fan-tailed Cuckoo
Freckled Duck*
Golden-headed Cisticola

13/04
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COMPLIANCE CURRENT COMPLIANCE

CONDITION STATUS AUDIT RECOMMENDATION NCIG RESPONSE STATUS
treated wastewater, if available from the available recycled water is not These discussions have revealed that while treated wastewater is  closed - NCIG have continued
relevant water authority, shall be used practical, seek a modification to this  available for utilisation, it could not be supplied in a manner that investigations regarding the
preferentially over potable water for the Approval Condition to remove the is in line with the water demand cycle, making it an unviable feasibility of utilising treated
purposes of dust control, unless otherwise absolute requirement for option. wastewater through WUA.
agreed by the Director-General. preferential use of recycled water. NCIG developed a Water Efficiency Management Plan with Hunter Pendlr\g the out'come of these
Water in 2018. The Action Plan contained within this technical investigations, NCIG

management plan includes commitment to investigate the use of ~ Will seek to pursue a

alternate process water supplies, including discussion with Hunter ~ cOMMercial agreement with
Water regarding the compatibility of NCIG's usage profile with WUA in line with the usual
Hunter Water’s supply capability of recycled water. business project management

. . . o and commercial framework.
NCIG will engage with Hunter Water regarding the feasibility of
using recycled water over the next 12 months.

Environmental Protection Licence No. 12693

All site preparation, filling/preloading and Compliant It is recommended that when the NCIG believes there is merit in retaining the construction related N/A
construction works that may generate an current EPL is next reviewed with condition in the EPL should construction activities be undertaken in

audible noise at any residential receptor shall the EPA, that NCIG seek to have the the future.

only be undertaken between 7.00 am and 6.00 now redundant construction phase

pm. conditions removed from the

This condition does not apply in the event of a licence.

direction from police or other emergency
authority for safety or emergency reasons.

Notwithstanding any other condition of this Compliant
licence, piling works shall not be conducted on
Sundays or public holidays.

NCIG Draft Statements of Commitment (Environmental Assessment 2006)

Construction and operational air quality and Non-compliant It is recommended that an energy As outlined in NCIG’s Operation Dust and Air Quality Management At the time of finalising this
odour (administrative efficiency audit be undertaken, and Plan, NCIG continues to implement further operational report this action is considered
Greenhouse Gas - Mitigation Measures would non-compliance) an energy / greenhouse improvements to increase the efficiency of the plant. NCIG closed — A greenhouse gas and
e minimisation plan be developed for undertakes annual auditing and reporting of greenhouse gas energy efficiency assessment

. ) o the operation. emissions and submits them to the National Greenhouse and commenced in June 2019 and
= regular on-site energy audits to optimise Energy Reporting (NGER) annually. was finalised in October 2019.

energy efficiency; The outcome of the

assessment and opportunities
for improvement have been
reviewed in detail. NCIG will

In recent months, NCIG has had preliminary discussions with a
consultant to conduct an environmental footprint assessment,
including energy efficiency assessment and provide options for

= consideration of energy efficiency in plant
and equipment selection/purchase;

* regular maintenance of plant and improvement. Moving forward, NCIG will undertake an annual e
equipment to minimise fuel consumption internal energy efficiency review and engage an external consultant ~ @S€ss the feasibility of further
and associated emissions; to undertake an energy efficiency assessment biennially. pursing options to reduce
. ) ) greenhouse gas emissions and
L p_Iantlng of nat_lve vegetatlor?, as part of improve energy efficiency. This
wsua_l screens in select locations around el S ey temaril
the site; and
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ACTIVITIES PROPOSED IN NEXT AEMR PERIOD

The principal elements of activities proposed within the next reporting period are:

l
l
l

Continued operation and maintenance of the full 66 Mtpa capacity Coal Export Terminal.

Further development and continuous improvement of the NCIG EMS.

Ongoing incorporation of dust management technologies and controls to continue to improve the management practices for
air quality.

An assessment of alternative stockpile treatments will be undertaken in the first half of the 2020 financial year to determine
their feasibility and effectiveness.

Further improvements to sediment management within onsite water management infrastructure.

NCIG has engaged Water Utilities Australia to undertake a feasibility and options assessment for the use of recycled water
onsite. This investigation will continue throughout the next reporting period.

Revision of the NCIG Compensatory Habitat Management Plan was completed within the current reporting period. Approval is
expected to be obtained from National Parks and Wildlife Services (NPWS) in the next reporting period.

Continued fox baiting program in collaboration with BHP including NCIG GGBF habitat, BHP GGBF habitat and NCIG shorebird
habitat.

The Shorebird Habitat Monitoring, Evaluation, Reporting and Improvement Program has begun to be reviewed by a contracted
shorebird expert during the current reporting period. Recommendations will be reported and incorporated as appropriate in
the 2019/20 AEMR.

Continued emergent vegetation removal in ponds to promote preferred GGBF habitat.

Funding rounds will continue to open every six months in March and September, with funding of up to $10,000 available for
applicants of the Community Support Project and up to $90,000 over the three-year period for the Community Partnership
Program.
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TABLE A1.1 METEOROLOGICAL STATISTICS BY MONTH

MONTH WIND SPEED SIGMA THETA SOLAR RADIATION

Monthly Hourly Hourly Monthly Hourly Hourly Monthly Hourly Hourly

average min max average min max average min max

m/s m/s m/s W/m2 W/m2 W/m2

July 2018 3.3 0.2 12.1 16.4 2.9 91.4 119.9 0.0 620.0
August 2018 3.5 0.3 12.4 16.1 2.8 91.7 148.4 0.0 895.0
September
2018 2.8 0.1 11.0 215 3.8 99.6 189.2 0.0 940.0
October 2018 3.2 0.3 8.8 19.2 5.0 88.5 196.9 0.0 1095.0
November
2018 3.7 0.1 15.1 19.0 4.1 98.0 251.5 0.0 1173.0
December
2018 3.2 0.2 10.5 20.6 5.5 83.6 285.8 0.0 1183.0
January 2019 3.2 0.5 9.7 19.5 6.1 96.9 261.1 0.0 1146.0
February
2019 3.5 0.2 10.8 17.4 5.4 92.9 253.7 0.0 1043.0
March 2019 3.1 0.3 12.2 20.0 4.4 92.5 195.9 0.0 1070.0
April 2019 2.4 0.1 8.4 21.0 4.0 98.3 167.9 0.0 905.0
May 2019 3.2 0.2 13.3 17.1 3.3 94.4 119.9 0.0 732.0
June 2019 2.6 0.4 8.3 19.0 2.9 91.2 89.2 0.0 612.0

*Equipment malfunction

TABLE A1.2 METEOROLOGICAL STATISTICS BY MONTH

Monthly Hourly Hourly Monthly Hourly min Hourly Number of hours
average min max average max when Tio>Tz.
°C °C °C °C °C °C Hours % of
month
13.2 34 24 .4 12.5 2.0 24.2 13.2 3.4
13.9 5.2 24.4 13.0 4.0 23.9 13.9 5.2
16.5 8.3 31.9 15.4 6.7 31.2 16.5 8.3
19.1 10.3 28.0 18.0 8.1 27.7 19.1 10.3
21.2 13.0 35.1 20.5 11.5 34.5 21.2 13.0
23.7 15.7 37.0 22.7 14.0 37.3 23.7 15.7
26.2 20.3 39.9 25.2 19.1 38.5 26.2 20.3
24.4 17.2 38.6 23.5 15.3 37.3 24.4 17.2
23.3 12.6 37.2 22.4 12.1 35.7 23.3 12.6
20.3 11.8 32.2 19.6 10.5 32.1 20.3 11.8
16.4 7.0 25.2 15.8 6.3 24.8 16.4 7.0
14.0 6.7 23.2 13.3 5.1 24.4 14.0 6.7
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TABLE A2.2 DUST DEPOSITION BY MONTH

Month Limit DDG-CI DDG-KI DDG K8 DG4 DG5 DG6
(Stockton) (Stockton) (Fern Bay) (Mayfield) (Mayfield) (Sandgate)

g-17 4 0.4 0.7 4.6* 0.8 0.8 11 1.9
4 0.5 0.8 0.9 11 1.4 1.4 2.2
4 0.3 0.8 1.0 2.2 16 1.4 3.0
4 3.4%x 0.6 11 0.8 15 1.4 2.4
4 6.9%* 0.8 3.0 0.9 15 15 1.8
4 11 0.7 0.8 0.9 2.0 15 2.2

b-18 4 0.8 0.9 0.9 0.6 16 17 11

4 0.6 1.2 15 0.6 1.6 17 11
4 0.9 1.0 0.9 0.8 0.9 12 2.0

Ma 4 0.2 0.6 0.8 1.0 0.7 11 2.1
Jun-18 4 0.3 0.4 1.0 15.2%* 1.6 0.5 0.3
Bold = exceeding criteria
*Sand

**Insect and bird droppings

***NS — No Sample
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APPENDIX 3
SURFACE WATER MONITORING RESULTS
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wetlands used for breeding in this period is thought to be directly linked to the drought-
driven removal of Gambusia from large parts of the system.

Chytrid: Infection by the pathogenic fungus Batrachochytrium dendrobatidis can result in the
disease chytridiomycosis (commonly known as chytrid), which affects amphibians and has
caused population declines and extinction worldwide. Average chytrid load across Kooragang
can be assessed via swabbing of L. aurea during late winter and early spring; we collected
120 samples in the 2018-19, and the analysis of those is pending.

Tracking the variation in chytrid load across different wetlands, or even regions within
Kooragang Island, is more complex and requires an order of magnitude greater sampling
effort and analysis. Other research (laboratory work on L. aurea, and field work on the
closely related L. raniformis) shows that chytrid load is lessened in conditions of elevated
salinity and temperature. Available evidence shows that the persistence of L. aurea depends
upon access to wetlands that have salinity and/or temperature linked protection against
chytrid 32" S&KSIS &liKly iKS 712340 2014 ySIIK62drhood of habitats (c.f. the concept of the
VKI-01-i Y 281100 20ziiflySR 05200

Warm temperatures, drying of wetlands, and saline conditions are all expected to reduce
chytrid load, and these conditions have certainly applied over the last three seasons; it is
therefore possible that chytrid load across the island is presently lower than has been the
case in wetter, cooler periods, but more data is required to investigate this.

The habitat mosaic: It is clear that heterogeneity of the wetlands within a local area is a key
ingredient of population persistence with L. aurea. A single large wetland, or an array of
smaller very similar wetlands, is much less suitable than an array of different wetlands. This
concept of multiple heterogeneous wetlands within a small area has been termed the
Vhabitat mosaic!.

Although the underlying concept of wetland heterogeneity is understood, the specific
features of wetland physiognomy which should vary remains an open question. Connectivity
between neighbouring wetlands is logically a key trait; it is difficult to have a habitat mosaic
of habitats that are not spatially connected. Variation in hydroperiod seems to be a
fundamental aspect; hydroperiod is connected to temperature, salinity, abundance of
Gambusia, and vegetation cover and thus links with many aspects of L. aurea ecology.
Variation in wetland size has not been demonstrated to be a key feature but qualitative
examination of the successful mosaics in the Industrial Zone suggests that it may be (Figures
4.4.2,4.4.3). Other potential features of effective habitat mosaics for L. aurea include
vegetation structure, depth and bottom profile, but the relative importance of all these
requires further investigation.

Northern Zone of the island: This has long been the zone with the lowest abundance of L.
aurea, but numbers improved markedly in the 2018-19 season, due mainly to increased
occupancy at the NCIG CHEMP wetlands (Table 3.9.2, Figure 4.4.1).

As to why the L. aurea population in this Zone has historically been so low, insights
generated by the current island-wide survey research program suggest a number of factors
that may be at play:

- Its position in the catchment is linked with low levels of salinity, which increases L. aurea
mortality due to chytridiomycosis.

- The history of land use (a long period of farming followed by gazetting as national park),
with consequent long-term dynamics in the vegetation community that do not favour L.
aurea.

- Alow quality habitat mosaic for L. aurea, with a lack of large permanent wetlands, low
variation in wetland hydroperiod and size, and poor connectivity.
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2. Methods

2.1 Site context

Kooragang Island lies at the northern boundary of the Newcastle Local Government Area, on the NSW
Central Coast (Figure 2.1.1). The Island itself is estuarine in nature, and is bounded to the north and
south by channels of the Hunter River. Soils are composed of deposited sand, silt and clay sediments.
Several tidal channels extend onto the island, which separated the current landmass into smaller islands
prior to human development. The natural hydrology of the island has been considerably altered, with
agricultural development such as draining of land for pastures and industrial activity such as road
construction and land reclamation altering tidal inflow. Its deltaic nature which includes low elevation,
supports a diversity of wetlands ranging from saltmarsh and tidal flats to freshwater swales and large
permanent freshwater wetlands.

*-Newcastl

Figure 2.1.1: Contextual map depictingthe location of Kooragang Island, near Newcastle, NSW.
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Legend 1
I ceifroo way NE [ Deep Pond Millams Pond B Raitioop sw (k105) [ Scotts Point

- Bellfrog Way SE Delta Ponds - NCIG rail central & east Ramsar Road East Wet meadow

- Bellfrog Way West KWIEF K2 - NCIG rail south - Ramsar Road West

I cormorant Road kwier K7 [ Rail loop (K10N) [ Riverside Park

Figure 2.2.3: Allocation of surveyed wetlands to Subregions. See text and Table 2.2.1 for explanation.
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Figure 3.2.10: Gambusia distribution for the wetlands around the Industrial Zone; see Figure 3.2.9 for
explanation.
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Figure 3.3.6: Demographic GIS plots for Round 2. Upper map shows
northern part of island, island, lower-mid shows Industrial Zone, lower
left shows close up of wetlands around Deep Pond (K105A, K105AS,
K105B, K106A-C, K29). See Figure 3.3.4 for legend.
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Within the Central Zone, K22 and K23 also contained small juveniles and metamorphs, and breeding
apparently occurred within or close to these wetlands (note that K105A is very close). Along Bellfrog
Way, only one L. aurea (a juvenile) was detected on the road at K13. In contrast, the BHP_CHEMP
wetlands had a very large number of L. aurea, including large numbers of juveniles (note that the study
from which the BHP_CHEMP data are taken has ethics clearance to tag even small juveniles, so these
are not distinguished in Figures 3.3.4 - 3.3.8), and there was clearly a large breeding event in those
wetlands during the spring.

In the Northern Zone of the island, juveniles were also detected at NCIG_7.1 during this round, whilst
adults were present at K3, NCIG_5.1, and NCIG_4.9.

Round 3 (late January ¢ mid March 2019): This survey round was significantly disrupted by a grass fire
that burnt through the Central and Industrial zones in early January 2019, with a subsequent ground fire
that burnt within the Industrial Zone through until May. Very high summer temperatures combined
with low rainfall between mid-December to mid-March resulted in many wetlands drying out
completely, and by early March only a handful of wetlands in the Industrial Zone (K105A, K117, C1, C2,
K100A) contained any water. This was the most pronounced dry spell in the experience of the current
survey team, even though it followed two previous seasons that had lower than average rainfall; even
K36, which has always held water in previous season, appears to have dried out complete during early
March 2019.

Due to the ongoing ground fire we were not able to survey K105, K106, K29, C1, K31, K34, K42, K102,
K22, or K23, although some L. aurea were detected at some of those wetlands during inspections for
fire damage (Figure 3.3.7).

Adults and juveniles were detected at K46, K118, K49B, K36, K121, K122, and K123, although in low to
moderate numbers. Larger numbers were detected at K115, K100A, K104, and especially C2. The C2
clusters in particular were one of the few wetlands containing deep water; they were designed to be
managed during extending dry periods and can be topped up without too much difficulty and this,
combined with good vegetation structure (Acacia and Lomandra) around the ponds appears to have
made them an effective habitat during this dry summer. The C1 clusters were extensively damaged
during the January fire; all the terrestrial vegetation was burnt, as well as large parts of the aquatic
vegetation, but L. aurea was present even after that damage.

In the Central Zone, large numbers of frogs were detected at the BHP_CHEMP wetlands during CMR
surveys, despite the fire damage to terrestrial vegetation through that region. In the Northern Zone,
NCIG_4.9 and NCIG_7.2 still contained water in late February and more frogs were detected at these
wetlands in this round than in any of the previous rounds.

Total Detected: Figure 3.3.7 shows all detections of L. aurea detected, pooled across all surveys;
another version of this is shown in Figure 4.4.1). It highlights the large numbers detected during CMR
surveys at K29, K104, and the BHP_/ 19at ¢Siifl-yRa 0dK26y 14 iKS RIFFSISY0S 0SigSSy iKS vedl-
55(S0{SR1 YR {KS RSY 2graphic pie plots). Within the Industrial Zone, it also highlights the breeding
events (as large values for metamorphs and small juveniles detected), particularly at KLI05A, K105AS,
K105B, K111, K114, and K123. The numbers of small juveniles at C2 is also apparent.

Within the Central Zone, large numbers of L. aurea were detected across the season in the BHP_CHEMP

wetlands, but numbers along Bellfrog Way were low. In the Northern Zone, the number of detections
was greater than in recent seasons.
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Size classes and cohorts of captured frogs

First captures (this year): Year=PWCS 2018-19; Round=All; Pond=All
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Figure 3.4.4: Frequency distribution of different sized animals captured, for VES and CMR surveys. Size is measured by
snout-gSyl tSy3iK 6{[ir IyR &S 0115320184 1S Y SI-adS Y Syfia volyySR1 2 H Y'Y groups, i.e. the frequency of animals
56 mm > {[ Bl py Y'Y 1d aK2y ly (KS 02{iY'y f-0StSR Ypyl Top; all captures where demographic data was recorded.
Below! VFrist capturesl 4&K2&a only unique PIT tagged individuals (generally, SVL > 40 mm), i.e. with recapture data
removed.

Figure 3.4.4 3K2&a (KS TiISIjizSy08 Rigliiodii2y 27 {£[ Ofl-4a oty'n Y'Y Volyann ¢KS RIFSISY0S oSigSSy it
O1-LJdz0Sa0 1-yR Vead OI-LJdz2USE0 hyRiO1-4SE om0 ISOI-LIGAZNISR hyRiGNRazI-E 6720 {=[ § nn Y YL IR 60RO (KS yarY oSl 27
captured juveniles that were too small to mark with PIT tags.

As with the previous season, the numbers of subadult females captured were low and most adult males were
between 52 and 62 mm SVL.
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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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NCIG CHEMP wetlands

Figure 3.4.19: Frequency distributions for the NCIG CHEMP wetlands. Top, all captures; bottom, first captures only.
Refer to Fig., 3.4.6 for explanation of charts.

The NCIG CHEMP wetlands were established in 2016 with the aim of providing suitable habitat for Litoria
aurea in the Northern region of Kooragang Island. At that time, the L. aurea population in the north of the
island was very low (and had been for some 10 years previous; John Clulow, pers. comm.).

Not all of the NCIG CHEMP wetlands were surveyed as part of the island-wide surveys during the 2018-19
season; we surveyed 11 of these wetlands in each survey round, and a further 8 were surveyed
opportunistically in at least one round. In those surveys, 62 L. aurea were captured, and PIT tags indicated
that 48 of those captures were unique individuals. The captured animals ranged from small to large juveniles,
adult males, and subadult and adult females (Figure 3.4.19).

Although 62 captures over the season is not a large number compared to wetlands in the Central and
Industrial Zones of the island, it is considerably more than the numbers in previous seasons. In the northern
zone, there were only 5 detections of L. aurea in non-CHEMP wetlands; thus the NCIG_CHEMP are currently
providing important habitat in this region of the island, and the number of L. aurea there appears to be
increasing.

The BHP CHEMP are a focus of a separate research agreement and the demographics of those will be
reported separately.
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2018-19 Survey season
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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), very aY I o¥- aY'I-{0; SVL < 35 mm; light green) and
small (35 < SVL <40 mm; dark green in bottom chart) juveniles. Numbered arrows related to potential cohorts
outlined in the text.
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2014- 2015- 2016- 2017- 2018- 2014- 2015- 2016- 2017- 2018-
15 16 17 18 19 15 16 17 18 19
All Adults
Jurisdiction
NPWS 34 25 11 13 17 27 17 7 4 15
NCIG_CHEMP 0 0 0 5 87 0 0 0 2 65
BHP_CHEMP 0 19 0 394 298 0 13 0 178 138
PoN 59 42 109 50 48 27 13 65 44 29
PWCS 323 87 588 703 1012 128 52 303 377 508
NCIG 0 10 83 83 125 0 3 60 47 65
HDC 15 16 393 151 206 10 9 34 41 95
HDC (BHP) 10 2 48 58 54 6 0 18 35 20
RMS 0 0 6 0 0 0 0 3 0 0
Zone
Nth 8 3 0 6 92 4 2 0 3 70
Central 85 83 120 456 358 50 41 72 225 177
Southern 348 115 1118 995 1397 144 64 418 500 688
Region
Hunter North River 0 0 0 1 2 0 0 0 1 2
School House 8 3 0 5 90 4 2 0 2 68
Cobbans Creek 13 31 3 404 301 13 20 2 180 141
Bellfrog Way 72 52 117 52 57 37 21 70 45 36
Industrial Zone North 322 86 546 649 837 127 52 278 347 463
Industrial Zone South 26 29 572 346 560 17 12 140 153 225
Subregion
Scott's Point 0 0 0 1 2 0 0 0 1 2
Riverside park 0 0 0 0 0 0 0 0 0 0
Wet meadow 8 2 0 1 8 4 2 0 1 4
Millam(s Pond 0 1 0 4 82 0 0 0 1 64
Ramsar Road West 1 25 2 404 301 1 14 2 180 141
Ramsar Road East 12 6 1 0 0 12 6 0 0 0
Bellfrog Way West 2 0 2 4 2 2 0 1 2
Bellfrog Way NE 8 4 3 0 5 6 3 1 0 5
Bellfrog Way SE 61 46 114 50 48 29 16 69 44 29
Delta Ponds (K104) 204 62 101 153 162 33 36 57 65 96
KIWEF K7 116 19 358 276 87 92 13 182 215 70
NCIG rail central & east 0 11 98 95 154 0 3 72 54 7
Rail loop K10 Nth 15 16 383 82 66 10 9 28 16 46
Cormorant Road 0 0 6 0 0 0 0 3 0 0
Rail loop SW K10 Sth 0 0 16 51 236 0 0 10 19 63
NCIG rail south 9 2 58 42 69 5 0 20 19 23
KIWEF K2 2 0 11 76 35 2 0 7 45 16
Deep pond 2 5 87 220 588 2 3 39 67 297

Table 3.9.2: VES Detected numbers for the last five seasons, summed for Jurisdiction, Zone, Region, and Subregion.
/2YLHy3 KS @1-4zSa 20 V1 L. aureal ofSTi 02fiY'ya0 IyR VIRl L. aureal oliFKi 02fiYya0 LINI2@IRSE 1y lyRIOI-ii2y 27
the number of juveniles.

Data for VES Detected (Table 3.9.2) shows that the 2018-19 had the highest numbers of L. aurea
detected. The high numbers detected in 2018-19 are likely a result of several factors; recruitment in the
autumn rain of the previous season, the large breeding event in spring and early summer of the 2018-19
season; and a growing population in the NCIG and especially the BHP CHEMP wetlands. In particular, the
probability of detection was likely higher than normal at K105A, K105AS, and K105B during the breeding
event, leading to high VES counts.
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however, that this growth curve was based upon a cohort of animals who spawned in mid-
summer and thus overwintered as small juveniles; the effect of time of spawning on long
term growth rates is not understood.

Recruitment: Thirteen wetlands within the Industrial Zone held either tadpoles and/or
metamorphs at some point during the 2018-19 breeding season, the largest number recorded
in the last five seasons. Breeding was also recorded in many of the BHP CHEMP wetlands.
Within the Industrial Zone, there was a significant breeding event at K105A (including
K105AS) following high levels of Spring rainfall in September and October 2018 (Figures 3.2.1,
3.6.3). The density and abundance of adult L. aurea at K105A at this time was far greater than
has been seen in previous seasons, and the chorusing during October was the largest
experienced by the current survey team, whilst chorusing at K105B was also large. By
December 2018 there were high numbers of metamorphs and small juvenile L. aurea across
both of these wetlands, with the greatest numbers at K105A.

Although L. aurea have been detected at K105A every season, neither abundance or density
have been high prior to this breeding event. Data on movement of tagged individuals (Section
3.5) shows that many adult L.aurea moved towards K105A at this time from the nearby
wetlands K23 and K29; those usually hold large numbers of adults and are considered to be
refuge habitats (see below for discussion of habitat traits of wetlands). Animals previously
tagged at other nearby wetlands, including C1 and K106C, were also found to have moved to
K105A during this breeding event (Table 3.5.4). One individual detected at a drift fence close
to K105A had been tagged at the C2 wetland 1.4 km away the previous autumn. In December
2018, several adult males who had been detected at K105A in October were recaptured in
K29 (Table 3.5.5).

Taken together, this event suggests a picture of explosive breeding during highly suitable
environment conditions. The very loud chorusing at K105A and K105B likely attracted adults
from nearby wetlands and thus this event became self-reinforcing. During the breeding event
abundance at several nearby wetlands ¢ including K29, K23, K106C, and C1 that are close to
K105A, and K46, K117, and K118 that are close to K105B ¢ was much lower than in the two
previous seasons. Previous studies have suggested that L. aurea disperse to ephemeral
wetlands for breeding after significant rain, but K105A is not an ephemeral wetland.
However, in the 2018-19 K105A did lack Gambusia (or, at least, high densities of Gambusia)
for the first time following a prolonged dry period the previous summer. It is unlikely to be a
coincidence that, the very first season after Gambusia was almost completely removed from
this wetland, it was the site of the largest L. aurea breeding event we have witnessed.

Other factors may have been involved; we have previously (McHenry et al. 2019) suggested
that extensive cover of emergent reed species around the edge of a wetland, a large amount
of 2LISy g 1S 1yR I £S1-a 2yS 0S3SHIISR aKIt2¢ &f21S (KI-i 6S02Y Sa Vit22RSR JNI-440 620
similar) after significant rain are all traits that appeared to be linked with sizeable breeding
events. These factors were all present at K105A in the spring of 2018; the extent of open
water is always large at this wetland, but the coverage of emergent reeds around the edge
was increased from the previous season. Likewise, the almost complete drying of the wetland
at the end of the previous summer led to extensive Paspallum grass cover growing down the
shallow slope of the outer edge of the wetland base, and when the wetland refilled after
good rain this provided a microhabitat of shallow flooded grass, which L. aurea appear to use
during breeding. This combination of factors ¢ lack of Gambusia, open water, edge
vegetation, and shallow grass ¢ was also present during a large breeding event in K105B the
previous season.
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Apart from K105A (and K105AS), good sized breeding events were also detected at K29 and
K104 (permanent wetlands and refuge habitats), and K105B, K114, and K123 (semi-
permanent wetlands) (Section 3.6). Large breeding events also took place at the BHP CHEMP
wetlands (Chad Beranek, pers. comm.) As with previous seasons, the constructed HDC
wetlands provided suitable breeding habitat, as did the constructed BHP CHEMP wetlands.
There remains a strong link between significant breeding events and low or zero densities of
Gambusia.

c. Gravid females: Data from candling adult females for signs of gravidity suggest that more
than half of the females larger than 60 mm SVL are producing eggs (Figure 3.6.4). Using 58
mm as the threshold for the onset of female reproductive maturity means about one third of
individual adult L. aurea on Kooragang island are adult females (Figure 3.4.3A); 272 individual
PIT tagged females were detected across the 2018-19 (Table 3.1.3). This number is similar to
the corresponding data from the two previous seasons and indicates that the effective
population size of L. aurea on Kooragang Island is sufficient for at least the immediate
persistence of the population. The low survival rates of adult L. aurea on Kooragang Island,
however, mean that the population remains vulnerable; just two consecutive years of poor
recruitment is predicted to have a strong negative effect on population size.

Samples of urine from gravid female L. aurea were collected for hormone analysis, in order
to investigate the reliability of candling as an indication of gravidity. The analysis of these
results is pending.

3. Longitudinal data
a. Persistence: As seen in the 2017-18 annual report (McHenry et al. 2019), persistence (and, by
extension, survivorship) of marked frogs was low (Section 3.5). Most marked frogs are never
recaptured; of those that are, less than 10% are recaptured more than 12 months after the
initial capture, and less than 2% were recaptured more than 2 years afterwards.

Note that these times do not represent true ages, as frogs are not marked until they have a
SVL greater than 40 mm. At the time that they are tagged, they may be at least 1 year old.
Nevertheless, these numbers point to the high mortality rates of L. aurea on Kooragang
Island. The low survivorship rates highlight the importance of L. aurea achieving reproductive
maturity at a relatively early age, i.e. in their second year. It also means that the population
remains vulnerable to consecutive years of poor recruitment.

b. Movement: Again, similar to last year, most tagged frogs are recaptured in the same wetland
that they were first encountered (Table 3.6.3). However, when the pattern of persistence is
taken into account, it becomes clear that when L. aurea are recaptured more than one year
after their initial capture, the probability of them having moved to another wetland is > 30%.
Thus, previous interpretations of high rates of philopatry in L. aurea (e.g. McHenry et al. 2017)
were the result of survivorship bias. After accounting for that bias, it is clear that L. aurea
readily move across the landscape. Although most of these movements are less than 500 m,
several movements recorded since 2015 have been in excess of 1 km (Table 3.5.6).

As discussed above, a large number of those movements in the 2018-19 season centred upon
K105A and were clearly connected with breeding event at that wetland (see 2b above)
(Figures 3.5.1, 3.5.2; Tables 3.5.4, 3.5.5). Other notable movements included: from K115 to
K29; from C2 to K105A, from K29 to K104; from K100A to K114 and back again; from K108 to
K100A; from BHP-14B to BHP-2; and from NCIG_1.3 to NCIG_4.9. One movement, from BHP-
14B to NCIG_4.9, was the largest movement recorded this year at 2.1 km and is a rare
indication of connectivity between the Northern and Central Zones.
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f. Depth and bottom profile: Hydroperiod is strongly affected by depth, so the
mosaic should have a variety of maximum depths. Shallow sloping edges provide
flooded ground vegetation after rain (c.f. breeding behaviour); ideally, the degree
of slope should result in gradual retraction of the water edge during drying, at a
rate where e.g. Paspalum can colonise newly exposed but still moist ground. If
the slope is too steep or too flat then water retreat is too slow or too fast
(respectively).

Interactions between these are important for regulating temperature (wetland size,
vegetation, depth). Chytrid load is in turn affected by interactions between salinity,
temperature and hydroperiod (chytrid load will be reduced in completely dry wetlands)
¢ wetlands that are both warm and saline have been shown to provide environmental
protection from chytrid for L. raniformis (Heard et al. 2014). Gambusia is strongly
controlled by hydroperiod. Depth interacts with open water ¢ deeper wetlands cannot
0S VOK21SR1 68 SY SIFSyAi ISSRa 60K I-4 Typha and Phragmites ¢ and vegetation
structure is also affected by hydroperiod and salinity. Wetland size and vegetation
structure is expected to have a strong affect on population size at a particular wetland.

The contribution of these traits and combinations of traits has yet to be statistically
tested on our multi-year dataset. At a qualitative level, however, two specific areas of
the Industrial Zone provide good example of habitat mosaics that combine these
factors. Perhaps the best example is based in the K7 KIWEF subregion, where K29
provides important refuge habitat and is surrounded by 17 wetlands of varying size and
hydroperiod, all within a 500 metre radius of K106 (Figure 4.4.2); these wetlands
consistently have the highest abundance of L. aurea on Kooragang Island. A second
habitat mosaic centred around the Rail loop K10 North encompasses at least 13
wetlands and has the next highest concentration of L. aurea on the island (Figure 3.3.8);
it has considerable variation in wetland hydroperiod, although perhaps less variation in
wetland size and without a genuinely large refuge wetland.

Comparison with the habitat mosaics in the Northern and Central Zones (Figure 4.4.3)
show clear differences between the parts of the island with high and low abundance of
L. aurea. Connectivity, wetland size and area, and variation in hydroperiod is obviously
lower in the Northern Zone. Wetland area, size, and hydroperiod variation in the BHP
CHEMP mosaic is in reality higher than indicated in Figure 4.4.3, but are nonetheless
higher than in the Northern Zone and connectivity in the BHP CHEMP mosaic is much
higher, and population density is comparable to the highest levels seen in the Industrial
Zone.

Northern Zone of island: The abundance of L. aurea in the Northern Zone of the island

has been low for at least a decade, for reasons that remain poorly understood. This zone

differs from the rest of the island in a range of large scale to small scale factors,

including:

a.  Itis by UKS YLILISH OIOK Y Syl 27 dKS 0ISS1a iKI-i Rul-y" &Sal 1'yR d24iiK (2 &1IRE (KS
northern arm of the Hunter River (Figure 2.1.2), and thus has low salinity.

b. Itisina part of the river that has markedly less saltwater influence due to its

position in the estuary (John-Paul King, pers. comm.)

It has a history of intensive grazing.

d. It has been gazetted as a National Park and now has low levels of landscape scale
disturbance, with the result that many older wetlands are now at successional
climax with extensive 20SIKI-y3ty3 (1S54 IiyR HIS Y0K2SR1 68 SY SI3Syfi ISSRa
(Typha and Phragmites).

o
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Specific management issues relevant to research partners

5. Habitat corridor mitigation strategy: The extent of wetland habitat, connectivity, and variation in
wetland hydroperiod of the southern Industrial Zone has increased markedly in recent years, as a
result of a large number of constructed wetlands (see point 7 below). The density and abundance of
L. aurea in that region has increased markedly over the last three seasons (Section 3.9), and
breeding occurs frequently in the southern part of the Industrial Zone (Section 3.6). As such, the
strategy to improve L. aurea LI2Liiztl-ii2ya Iy (KS Ya2dzik Sy 020R210 K1-4 6SSy 42 S&KIHi &dz00essful,
due in large part to the addition of nine constructed wetlands by HDC since 2015.

The one component of a full habitat mosaic currently lacking in the southern Industrial Zone is a
large, permanent, refuge wetland. This role was previously filled by K108, but the decline of this
wetland (in terms of both hydroperiod and extent of open water; see point 4 above) means that the
eastern part of the southern Industrial Zone lacks wetlands that support large numbers of adult L.
aurea, especially within the rail loop itself.

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

Although the potential for railways to impede movement of animals across the landscape is real,
the L. aurea of Kooragang Island do not appear avoid traversing them. Twelve of the 63 significant
movements 0¥20KSIN Y 20SY Sylia 27 Table 3.5.3) reported in the 2017-18 annual report involved
crossing of railways (McHenry et al., 2019), and a further 14 (out of 47) movements detected in the
2018-19 season required L. aurea to move over or under rail lines (Tables 3.5.4 and 3.5.5; see
discussion in point 3b above). Although it is not yet possible to say if railway infrastructure
represents a partial hindrance to movement of L. aurea across the landscape, it is clear that it does
not constitute an absolute barrier.

The indirect effects of the NCIG rail construction were discussed in the 2017-18 annual report
(McHenry et al. 2019); there may have been a negative effect on K108, but there has been a very
positive effect on K105B and K105AS. Data from the 2018-19 does not change that basic conclusion.

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

i. The ‘cluster ponds" installed by PWCS; one each in the northern and southern regions of
the Industrial Zone (C1, C2).

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

ii.  The NCIG CHEMP wetlands in the Northern Zone of the island, and

iv.  The BHP CHEMP wetlands in the Central Zone of the island.

Each of these phases are now occupied by L. aurea at some level. Abundance has been low in the
NCIG CHEMP, but increased markedly in the 2018-19 season (Figures 3.8.2, 3.8.3, 3.8.4), although
it remains lower than the others (see discussion in point 4b.iv above). Both the NCIG and the
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suitable microhabitat and are free of Gambusia. On the other hand, extreme flooding
often helps spread Gambusia across the landscape (e.g. flooding event in April 2015).

- Sealevel rise is expected to increase the salinity levels of the upper estuary, including the
Northern part of Kooragang Island, and this may provide overall protection against
chytrid. Conversely, inundation of salt marsh and salt meadow by king tides during
extended periods of low rainfall can lead to hypersaline conditions in wetlands,
conditions which are not suitable for L. aurea, and this may be a reason behind the
decline of L. aurea from Bellfrog Way (see Figure 3.2.5 and discussion in point 4bi above).

It is possible that many of the likely negative impacts of climate change could be mitigated by the
addition of managed permanent refuge wetlands across the layRa0I-LIS LISIKI-LIA dzéty3 (KS vOtdzaisSy
Li2yRIRSAI3Y 14 |- (SY L1150 L 13 1642 Li2aa1ofS (K1-G (KS Li2iSyll-£ 0SySTiia fI-aSE 20i&S1aK (KS
negative impacts and that the population will thrive with minimal intervention. Or it may be the
sea level rise and increased drought will doom the Kooragang population, meaning that we
should be considering assisted reintroduction of L. aurea to areas of its former range upstream.
Whatever the most likely outcome, the requirements for action can only be determined if we
start to consider future climate change as part of ongoing management of the L. aurea population
on Kooragang Island.
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Figure 5: Shorebird Compensatory Habitat Fox Baiting Location
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In the 2018 survey period, 37 shorebird species were recorded from all
survey locations including 11 migratory shorebirds. Specifically, 27 shorebird
species including 6 migratory shorebirds were observed at Fish Fry Flats
during the 2018 surveys, increasing the count to 8 migratory shorebirds in
total at Fish Fry Flats since the removal of mangroves (Table 2). The results
show that migratory shorebirds are using Fish Fry Flats during the day and
night, on high and low tides, with no obvious preference observed (Appendix
C). Additionally, White-fronted Chats were observed on three occasions in
2018, this is the first time they have been observed at Fish Fry Flats since
mangrove removal.

Table 2. Migratory Shorebird Species Recorded in Area E in 2017/18

Activity and habitat use by migratory shorebirds has been noted at Fish Fry
Flats during the surveys (Table 3). The results thus far indicate that Fish Fry
Flats is primarily used as foraging habitat for migratory shorebirds,
particularly the mudflat portion of the habitat. In future surveys, the habitat
will be further divided to allow better comparison between UoNis vegetation
sampling zones. To allow comparison with UoNis vegetation survey zones,
whist still being practical for shorebird count surveys, the new habitat zones
will be categorized as (1) above saltmarsh, (2) saltmarsh, (3) mud with old
pneumatophores, (4) mud with no pneumatophores and exposed by daily
tides and (5) water. These results are expected to determine the preferred
habitat for shorebirds in Area E.
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