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EXECUTIVE SUMMARY 

BCI Minerals Pty Ltd (Mardie Minerals), a wholly owned subsidiary of BCI Minerals Ltd (BCI), is 
developing the Mardie Project (the Project). The Project is located 80 km southwest of Karratha in the 
Pilbara region of Western Australia. The Project is a proposed solar salt operation that will make use 
of seawater and evaporation to produce a concentrated salt product and other associated products. 
This will involve the creation of a series of evaporation and crystallisation ponds to produce sodium 
chloride (NaCl) salt, as well as sulphate of potash. The waste bitterns will be discharged through a 
diffuser offshore. The Project will include disturbance of up to 19,645 hectares on shore, and up to 
53 hectares of marine environment. 

In January 2025, Phoenix Environmental Sciences Pty Ltd (Phoenix) was commissioned by Mardie 
Minerals to undertake the Annual Shorebird Monitoring 2025 Survey for the Project, as per the 
Migratory Shorebird Monitoring and Management Program (MSMMP). The MSMMP describes the 
monitoring and management measures to be implemented by BCI Minerals during the construction 
and operation of the Project to ensure residual impacts to migratory shorebirds and their habitats are 
minimised. 

The scope of work for the Annual Shorebird Monitoring Survey 2025 was as follows: 

• Monitor and track any changes in the migratory shorebird population at the impact sites 
(inside and adjacent to the development footprint), as well as at both the control and 
regional sites 

• Determine whether the trends in numbers of migratory species detected each year at the 
impact sites are consistent with those at the control and regional sites 

• Record any threats to shorebirds in impact and control areas (e.g. feral or native predators, 
human influences). 

The monitoring program incorporates both aerial (helicopter) and ground-based bird counts. Aerial 
surveys were used in the baseline surveys completed from 2017 - 2019 as they provide the greatest 
coverage and can be used to survey a range of habitat types that are otherwise inaccessible. However, 
due to the difficulties of identifying species during aerial surveys, some birds can only be accurately 
identified to genus. Ground surveys are an effective way of providing additional data at key sites and 
can also provide a more accurate count of species that occur in mixed flocks of birds that can be 
difficult to accurately identify to species level. 

Several statistical tests were undertaken to address the preliminary triggers listed in the MSMMP; 
however, these results should be interpreted cautiously. Several variables could not pass the 
assumptions of ANCOVA and had to be assessed using alternative, non-parametric methods. 

The relative abundance was found to be significantly affected by site type and year. Post-hoc analysis 
was able to determine that relative abundance was significantly lower in 2025 compared to 2022 but 
was not significantly different between any other years of monitoring. With the data we have available 
at this stage, we are unable to determine if this is a result of natural fluctuation or project related 
impacts. Notably, there was a category 3 cyclone to the north of the study area in the lead up to this 
year’s survey and may have impacted shorebird abundance during the survey. 

In 2023 and 2024, the relative abundance was found to be significantly lower at impact sites (within 
10 km of the DE) than control sites (10 – 40 km from the DE). Again, with the data collected so far, it 
is difficult to determine whether this is a trend or a result of natural fluctuations in assemblage 
between years. The proportion of shorebird abundance between control and impact areas in 2022 
and 2025 were not significantly different. 
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Relative richness followed similar patterns to relative abundance, with significantly less shorebirds 
detected this year in comparison to 2022. This result may have also been affected by the recent 
cyclone. This trend was also followed in the detection rates of several indicator species (Red-necked 
Stint, Bar-tailed Godwit, Common Greenshank, and Common Sandpiper). In particular, the detection 
rate of Common Sandpiper and Red-necked Stint have been significantly lower every year except 
when comparing 2023 to 2022. This meets the criteria of the first of the preliminary triggers in the 
MSMMP and additional survey effort will be required in the subsequent year (2026) to better identify 
the reason for the decline. 

Relative richness was also found to be significantly lower in the impact area compared to the control 
area every year except 2022. This is concerning as the 2022 survey acts as a pseudo baseline dataset 
as it was collected prior to commencement of operations. However, when focussed specifically on 
Samphire and Mudflat habitats, relative richness was found to be significantly different between 
impact and control areas in all years except 2025. A weakness of this analysis is the number of replicate 
sites in Samphire and Mudflat habitats is relatively low, particularly in the impact area. As such, these 
conflicting results should be interpreted cautiously as it is likely the noise-to-signal ratio is high. The 
inclusion of additional transects in these habitats will allow for a more robust analysis of the trends 
between impact and control areas. Additionally, a revision of the statistical models used to test these 
trends should be considered, as there may be a more appropriate method for this analysis, such as a 
Bayesian method. 

The pumps that pass water into the salt ponds were turned on between the 2022 and 2023 surveys, 
filling the first 3 ponds, and this may have also affected relative richness. Based on observations at 
other coastal saltworks, it is anticipated that once the Project is operational, the first few ponds will 
have the highest bird activity and the last few ponds where salinity is highest will have the lowest bird 
activity. However, it is likely the impact area will have a different assemblage of shorebirds than the 
control areas meaning we may see an increase in relative abundance but not necessarily an increase 
in relative richness. 

High numbers of Oriental Pratincole were recorded foraging and roosting within the Development 
Envelope this year, meeting the condition of preliminary trigger 3. In comparison with previous year’s 
records, Oriental Pratincole appear to congregate in high numbers across the study area so it is likely 
that this trigger will continue to be met intermittently in the following years of monitoring. Recent 
comments on the approval of the MSMMP from DWER (10/09/2024) suggested revising this 
preliminary trigger as it is not quantitative and will likely be revised or removed in future years of 
monitoring. 

This year’s monitoring report marks the first time statistical testing has been undertaken to investigate 
the trends of Migratory shorebird activity within the project and regional areas. Several tests 
investigating relative abundance and relative richness found significant reductions over time and 
space. There is some uncertainty regarding whether these apparent declines are the result of project 
related impacts or just natural fluctuations between years. The natural variability in migratory 
shorebird occurrence will become better understood as more data becomes available. Furthermore, 
during the 2025/26 monitoring period, a second survey at the beginning of the season is scheduled 
that may help provide context around the influence of major weather events and seasonality on the 
shorebird assemblage in the study area. 
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1 INTRODUCTION 

Mardie Minerals, a wholly owned subsidiary of BCI Minerals Ltd (BCI), is developing the Mardie Project 
(the Project). The Project is located 80 km southwest of Karratha in the Pilbara region of Western 
Australia (WA; Figure 1-1). The study area is located in the Eremaean Botanical Province as defined by 
EPA (2016b). 

The Project is a solar salt operation that makes use of seawater and evaporation to produce a 
concentrated salt product and other associated products. This involves the creation of a series of 
evaporation and crystallisation ponds to produce sodium chloride (NaCl) salt, as well as sulphate of 
potash. The waste bitterns will be discharged through a diffuser offshore. Construction of the pond 
walls started in February 2022, and the pumps used to fill the first stages of ponds with sea water 
were turned on in early 2023. The Project includes a development envelope (DE) of up to 
19,645 hectares on shore, and up to 53 hectares of marine environment. 

In January 2025, Phoenix Environmental Sciences Pty Ltd (Phoenix) was commissioned by Mardie 
Minerals to undertake the fourth year of Annual Shorebird Monitoring 2025 Surveys for the Project, 
as per the Migratory Shorebird Monitoring and Management Program (MSMMP) (BCI Minerals 2024). 

1.1 BACKGROUND 

The MSMMP describes the monitoring and management measures to be implemented by Mardie 
Minerals during the construction and operation of the Project to ensure residual impacts to Migratory 
shorebirds and their habitats are minimised. Trigger and response measures are outlined in Table 8 of 
the MSMMP (Table 1-1). 

The MSMMP has been prepared to meet requirements included in the Minister for Environment’s 
Statement of approval (Ministerial Statement 1211) condition B6-4. This Plan has also been prepared 
to meet requirements under condition 46, 47, and 48 of the Environment Protection and Biodiversity 
Act 1999 (EPBC Act) approvals EPBC 2018/8236 (as varied) and EPBC 2022/8236 issued in 2024. 
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Table 1-1 Triggers and management responses as per the MSMMP (BCI Minerals 2024) 

Preliminary trigger  Management response  Monitoring  Timing  Reporting  

1. Any reduction in the relative 
abundance, detection rate and/or 
richness of Migratory shorebirds 
across the impact area is not 
statistically different (P=0.05) to 
the corresponding metric in the 
control area. 

Investigate reasons for the difference. 
Respond as appropriate to the findings 
so that the objectives of the MSMMP 
are achieved. If the survey results are 
not adequate to determine a cause, 
refine the survey methodology to 
ensure the opportunity to identify the 
contributing factor/s is maximised in 
future surveys. 

Note this result will be expected 
during construction and perhaps in the 
season following. 

 

Indicators: relative abundance, 
detection rate, and richness 
estimates. 

Data collected during the annual 
shorebird monitoring program will 
be used to assess changes in the 
avian assemblage in the context of 
the MSMMP objectives. In the event 
that a statistically significant change 
is detected, additional works will be 
scheduled to identify the cause of 
the change. 

Shorebird monitoring will occur 
annually between late January 
and early February. Timing 
moves slightly each year to align 
with Spring tides. 

Data will be analysed within 2 
weeks of the monitoring survey 
being completed so that 
additional works can be 
scheduled (if a trigger is met) 
within the window when 
Migratory shorebirds are 
present.  

In the event of an exceedance of 
a trigger, the proponent will 
report the exceedances to DWER 
within one week of the detected 
exceedance. In the absence of 
exceedances, monitoring reports 
will be submitted by the 
proponent to the Compliance 
Branch at DWER annually. 

 

2. No statistically significant 
(P=0.05) decline in detection rate 
in coastal samphire and mudflat 
habitats in the impact area relative 
to corresponding habitats in the 
control area. 

 

Consider if health or productivity of 
that habitat type has been affected 
and is contributing or causing the 
reduction in values and respond 
through BCHMMP. 

 

Indicators: detection rate 

Data collected during the annual 
shorebird monitoring program will 
be used to assess changes in the 
detection rate in coastal samphire 
and mudflat habitats. 

If a statistically significant change is 
detected, additional works will be 
scheduled to identify the cause of 
the change.  

Shorebird monitoring will occur 
annually between late January 
and early February. Timing 
moves slightly each year to align 
with Spring tides. 

Data will be analysed within 2 
weeks of the monitoring survey 
being completed so that 
additional works can be 
scheduled (if a trigger is met) 
within the window when 
Migratory shorebirds are 
present. 

In the event of an exceedance of 
a trigger, the proponent will 
report the exceedances to DWER 
within one week of the detected 
exceedance. In the absence of 
exceedances, monitoring reports 
will be submitted by the 
proponent to the Compliance 
Branch at DWER annually.  

3. Within the Development 
Envelope, there are congregations 
of shorebirds observed foraging, 
roosting or nesting. 

 

Investigate reason/s for high utilisation 
and review operations and other 
management options to continue to 
encourage the behaviour pattern if it 
poses no danger to the shorebird 
populations or the shorebirds 
themselves, and is consistent with the 
proposal’s operational objectives. 

Indicators: relative abundance and 
detection rate 

Data collected during the annual 
shorebird monitoring program will 
be used to assess changes in the 
Migratory shorebird assemblage 
inside the Development Envelope. 

 

Shorebird monitoring will occur 
annually between late January 
and early February. Timing 
moves slightly each year to align 
with Spring tides. Data will be 
analysed within 2 weeks of the 
monitoring survey being 
completed. 

In the event of an exceedance of 
a trigger, the proponent will 
report the exceedances to DWER 
within one week of the detected 
exceedance. In the absence of 
exceedances, monitoring reports 
will be submitted by the 
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Preliminary trigger  Management response  Monitoring  Timing  Reporting  

Amend MSMMP (and other relevant 
EMPs) to recognise behaviour/areas 
and describe additional or altered 
management measures to ensure the 
objectives of the MSMMP are 
achieved. 

 

 

 proponent to the Compliance 
Branch at DWER annually. 
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1.2 OBJECTIVES AND SCOPE OF WORK 

The purpose of this survey was to conduct the Annual Shorebird Monitoring survey for 2025 and: 

1. Monitor and track any changes in the Migratory shorebird population at the impact sites 
(inside and adjacent to the development footprint), as well as at both the control sites 
(10 – 40 km from the DE) and regional sites (similar habitat >40 km from the DE). 

2. Determine whether the trends in number of Migratory species detected each year at the 
impact sites are consistent with those at the control and regional sites. 

3. Record any threats to shorebirds in impact and control areas (e.g. feral or native predators, 
human influences). 

4. In the event that there is: 
a. a decline in relative abundance or richness of Migratory shorebirds 
b. a decline in detection rate of indicator species outlined in the MSMMP, or 
c. an increase in threats to migratory birds, such as presence of predators or human 

influences 
then immediate additional works will be actioned to identify the threatening process and 
reverse or mitigate the declines or threatening processes. This requires an adaptive 
management approach, as the nature of the disturbance needs to be identified before a 
management actions can be implemented. 

Results from the survey provide informative values for future shorebird monitoring, which will 
continue for a minimum of 10 years from 2022, to capture shorebird assemblage during construction 
and post construction phases of the Project. 

1.3 STUDY AREA 

The study area comprises 18 transects (9 impact and 9 control area), defined in Table 4-2, which are 
systematically counted by helicopter (aerial surveys) across the entire Migratory Shorebird Study Area 
(MSSA) (Figure 1-1;Figure 4-1). Ground-based surveys were completed at 4 impact, 3 control and 3 
regional sites (Figure 4-2). 
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2 LEGISLATIVE CONTEXT 

The protection of fauna in WA is principally governed by the following three (3) pieces of Legislation: 

• Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 

• State Biodiversity Conservation Act 2016 (BC Act) 

• State Environmental Protection Act 1986 (EP Act). 

2.1 COMMONWEALTH 

The EPBC Act is administered by the Federal Department of Climate Change, Energy, the Environment 
and Water (DCCEEW). The EPBC Act provides for the listing of Threatened fauna as matters of National 
Environmental Significance (NES). Under the EPBC Act, actions that have, or are likely to have, a 
significant impact on a Matter of NES, require approval from the Australian Government Minister for 
the Environment through a formal referral process. 

Conservation categories applicable to Threatened fauna species under the EPBC Act are as follows: 

• Extinct (EX)1 – there is no reasonable doubt that the last individual has died 

• Extinct in the Wild (EW) – taxa known to survive only in captivity 

• Critically Endangered (CR) – taxa facing an extremely high risk of extinction in the wild in the 
immediate future 

• Endangered (EN) – taxa facing a very high risk of extinction in the wild in the near future 

• Vulnerable (VU) – taxa facing a high risk of extinction in the wild in the medium-term 

• Conservation Dependent (CD)1 – taxa whose survival depends upon ongoing conservation 
measures; without these measures, a conservation dependent taxon would be classified as 
Vulnerable, Endangered or Critically Endangered. 

The EPBC Act is also the enabling legislation for protection of migratory species as matters of NES 
under several international agreements: 

• Japan-Australia Migratory Bird Agreement (JAMBA) 

• China-Australia Migratory Bird Agreement (CAMBA) 

• Convention on the Conservation of Migratory Species of Wild Animals (Bonn) 

• Republic of Korea-Australia Migratory Bird Agreement (ROKAMBA). 

 

1 Species listed as Extinct and Conservation Dependent are not matters of NES and therefore do not trigger the 
EPBC Act. 
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2.2 STATE 

2.2.1 Threatened and Priority species 

In WA, the BC Act provides for the listing of Threatened fauna species (Government of Western 
Australia 2018a, b)2 in the following categories: 

• Critically Endangered (CR) – species facing an extremely high risk of extinction in the wild in 
the immediate future3 

• Endangered (EN) – species facing a very high risk of extinction in the wild in the near future3 

• Vulnerable (VU) – species facing a high risk of extinction in the wild in the medium-term 
future3. 

Species may also be listed as specially protected (SP) under the BC Act in one or more of the following 
categories: 

• species of special conservation interest (conservation dependent fauna, CD) – species with a 
naturally low population, restricted natural range, of special interest to science, or subject to 
or recovering from a significant population decline or reduction in natural range 

• migratory species (Mig.), including birds subject to international agreement 

• species otherwise in need of special protection (OS). 

The Department of Biodiversity, Conservation and Attractions (DBCA) administers the BC Act and also 
maintains a non-statutory list of Priority fauna. Priority species are still considered to be of 
conservation significance – that is they may be Threatened – but cannot be considered for listing under 
the BC Act until there is adequate understanding of threat levels imposed on them. Species on the 
Priority fauna lists are assigned to one of 4 Priority (P) categories, P1 (highest) – P4 (lowest), based on 
level of knowledge/concern. 

2.2.2 Critical habitat 

Under the BC Act, habitat is eligible for listing as critical habitat if it is critical to the survival of a 
Threatened species, or a Threatened Ecological Community (TEC) and its listing is otherwise in 
accordance with the ministerial guidelines. 

2.2.3 Other significant fauna 

Under the EPA’s environmental factor guidelines, fauna may be considered significant for a range of 
reasons other than listing as a Threatened or Priority species. 

In addition to listing as Threatened or Priority, EPA (2016a) identifies the following attributes that 
constitute significant fauna: 

• species with restricted distribution 

• species subject to a degree of historical impact from threatening processes 

 

2 The Wildlife Conservation (Specially Protected Fauna) Notice 2018 and the Wildlife Conservation (Rare Flora) 
Notice 2018 have been transitioned under regulations 170, 171 and 172 of the Biodiversity Conservation 
Regulations 2018 to be the lists of Threatened, Extinct and Specially Protected species under Part 2 of the 
BC Act. 

3 As determined in accordance with criteria set out in the ministerial guidelines. 
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• providing an important function required to maintain the ecological integrity of a significant 
ecosystem. 

3 WEATHER AND TIDES 

The climate of the Roebourne subregion is described as arid (semi-desert) tropical with highly variable 
rainfall, primarily in summer. Cyclonic activity is significant, with several systems affecting the coast 
and hinterland annually (Kendrick & Stanley 2001). The nearest Bureau of Meteorology (BoM) weather 
station with comprehensive data collection and recent historic climate data is Mardie (no. 005008), 
Latitude: 20.13°S Longitude 116.21°E), located 18 km east of the study area. 

Mardie records the highest mean maximum monthly temperature (37.8.°C) in January (lowest in July 
27.8°C) and the lowest minimum mean monthly temperature (12°C) in July (highest in February, 
25.4°C) (BoM 2025a). Mean annual rainfall is 274.6 mm, with February and March recording the 
highest monthly median (62.3 and 48.2 mm respectively; Figure 3-1). 

Mardie experienced high rainfall over the months preceding the 2025 field survey, with 217.6 mm 
falling in January 2025 alone and an additional 24.4 mm falling in December 2024. A tropical cyclone 
developed during the 18th and 19th of January, which steered to the west southwest, parallel to the 
Pilbara coast. It reached tropical cyclone intensity and was named Tropical Cyclone Sean. On the 19th 
of January it moved to the north of Karratha and quickly intensified, reaching category 3 by the 20th 
of January (BoM 2025b). Rainfall during the dry season was low, as per the long-term average, with a 
notable exception in June 2024 when 56.2 mm fell. Rainfall during the early months of 2024 was very 
low, with March, April and May significantly below the long-term mean. Little to no rainfall was 
recorded during the survey. 

Mean daily max temperatures at Mardie preceding the 2025 surveys were within 1°C above the long-
term averages for nearly the entire year (Figure 3-1). Mean daily minimum temperatures were 
approximately 3 -4°C above the long-term average from September 2024 – February 2025. 
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Figure 3-1 Annual climate and weather data for Mardie (no. 005008) and mean monthly data 
for the 12 months preceding the survey (BoM 2025a) 

 

The tide times and heights from the 2025 field season are displayed below (Table 3-1). Only the heights 
and times of surveyed tide periods are included. 

Table 3-1 Tide times and heights from Fortescue River – Fortescue Road for the survey period 
in 2025 (Weather 2025) 

Tide Height Date Time 

Low 0.13 2025-01-31 6:36 

High 3.6 2025-01-31 12:50 

Low 0.17 2025-02-01 7:06 

High 3.64 2025-02-01 13:19 

Low 0.28 2025-02-02 7:35 

High 3.61 2025-02-02 13:49 

Low 0.26 2025-02-03 8:05 

High 3.52 2025-02-03 14:20 

 

  

0

50

100

150

200

250

0

5

10

15

20

25

30

35

40

45

R
ai

n
fa

ll 
(m

m
)

Te
m

p
e

ra
tu

re
 (
°C

)

Mean rainfall (mm), 1885 - 2025 Total monthly rainfall, March 2024 - Feb 2025

Mean max. temp. (°C), 1885 - 2025 Mean min. temp. (°C), 1885 - 2025

Mean daily max. temp., March 2024 - Feb 2025 Mean daily min. temp., March 2024 - Feb 2025



Annual Shorebird Monitoring Survey for the Mardie Project 2025 
Prepared for BCI Minerals Pty Ltd    

   10 

4 METHODS 

4.1 NOMENCLATURE 

This report adheres to the current nomenclature and species lists provided in the Australian Faunal 
Directory, as referenced by the EPA (2020), and more specifically follows the federally recognised 
shorebird species list from (DoEE 2017). While it is worth noting that these sources do not always 
reflect certain taxonomic updates, we have maintained consistency with their guidance. An example 
of this potential discrepancy is the Lesser Sand Plover, which have undergone taxonomic revisions, 
which have yet to be updated in the relevant guidance documentation. 

4.2 AVIFAUNA SURVEYS 

4.2.1 Overview 

The methods outlined below were developed with consideration of the following factors: 

• Tidal variation – birds use a range of different habitats at different times of the day in 
accordance with the tides. 

• Seasonality – number of birds present varies dramatically throughout the year. 

• Annual variability – number of birds varies between years depending on a wide range of 
factors at each of the birds’ annual migration stages. 

• Remote/difficult to access areas – birds occur in areas with poor access and use a range of 
habitats where they can be difficult to observe. 

• Detectability – many migratory species can be difficult to correctly identify from a distance 
and can be difficult to detect in certain habitats. 

The goal of the methods outlined below are to provide a robust, spatially explicit dataset that will 
show whether a change in the Migratory shorebird population occurs inside the impact area and 
identify whether that change is attributable to the construction and operation of the Project. 
Consideration has been made to assess changes in the numbers of Migratory shorebird species at the 
local scale (comparing trends involving the impact area and control area), the regional scale (trends 
involving the control area and regional area). This year’s monitoring did not include a national 
comparison of Migratory shorebird species numbers, as the project has not yet reached the five-year 
mark, and our understanding of the site's annual variations is still insufficient for meaningful 
comparison to national numbers. 

If a decline measured at the impact area is greater than the trend measured at the control area, or 
regional area, then it will be considered a decline attributable to the Project and the threatening 
process will need to be identified and managed. If declines measured at the impact area are less than 
those measured at the control area or regional area, then they will be considered a reflection of 
changes in the migratory bird species populations caused by factors other than the Project. 

The monitoring program incorporates both aerial (helicopter) and ground-based bird counts (Table 
4-1; Figure 4-1; Figure 4-2). Aerial surveys were used in the baseline surveys completed from 2017 - 
2019 as they provide the greatest coverage and can be used to survey a range of habitat types that 
are otherwise inaccessible (Phoenix 2020). However, due to the difficulties of identifying species 
during aerial surveys, some birds can only be accurately identified to genus. Ground surveys are an 
effective way of providing additional data at key sites and can also provide a more accurate count of 
species that occur in mixed flocks of birds that can be difficult to accurately identify to species level. 

By using this combination of survey methods and surveying at various spatial scales over several years, 
we are able to assess whether the diversity and abundance of birds at the impact area is increasing, 
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decreasing, or static and whether that change is attributable to the Project. In the event that a change 
is detected, finer scale location data will be useful in identifying the cause(s). These methods were 
developed using the baseline data (Phoenix 2020), and the Industry guidelines for avoiding, assessing 
and mitigating impacts on EPBC Act listed migratory shorebird species (DoEE 2017). 

4.2.2 Aerial surveys 

The baseline surveys that Phoenix completed between 2017-2019 used aerial survey methods. Aerial 
surveys, using a helicopter, are a useful method for surveying Migratory shorebirds in large remote 
regions where access is a limiting factor (DoEE 2017). Aerial surveys provide a cost-effective and 
efficient method for sampling large numbers of birds quickly (Kingsford et al. 2020). The survey 
method used for the monitoring program is a modified version of the method used during the baseline 
surveys completed from 2017 – 2019 (Phoenix 2020). Adjustments were made to maximise the 
repeatability of the survey between years, which aid in the statistical analysis of changes in Migratory 
shorebird occurrence at the impact area and control area. 

A series of 18 transects across the MSSA was selected to be sampled systematically each year. The 
transects are each made up of 10 x (500 m2) quadrats aligned in a row extending 5 km through a range 
of habitats (Figure 4-1; Appendix 1). Transects were placed so that 9 are located in the impact area 
and 9 are in the control area. The transects are aligned along paths flown during the baseline surveys 
and target the range of potential shorebird habitats, considering the habitat-tidal sequence, from 
ocean mud/sand flats, through beaches, mangrove stands, samphire wetlands and finally bare 
mudflats that are barely inundated at the limit of the tide. By evaluating the habitat mapping from 
(Phoenix 2019, 2021) and selecting cells where at least 60% of the area consisted of either Mudflat or 
Samphire habitats, the relevant cells were identified. Figure 4-3 displays the cells which are dominated 
by Mudflat and Samphire habitats that were analysed to test for differences between control and 
impact areas and between years. 

Each transect is surveyed systematically by flying slowly (approximately 30 kt or 55 km/hr) at a low 
height (70 ft or 20 m) through the middle of the transect, and recording all birds observed. One 
sampling event includes surveying all transects during a high or low tide. The surveys are repeated at 
both high and low tide over 4 consecutive days in late January or early February when shorebird 
numbers are at their highest. As such, annual aerial monitoring surveys include 8 sampling events. 

A team of 2 experienced ornithologists complete these surveys with one or both having experience 
conducting aerial surveys of shorebirds. 

Three years of annual monitoring had already been completed prior to the 2025 monitoring survey. 
These surveys took place in 2022, 2023 (Phoenix 2023) and 2024 (Phoenix 2024) at the same time of 
year as the 2025 surveys to ensure consistency and retain the ability to compare shorebird presence 
and abundance between years. 

4.2.3 Ground surveys 

Following the updates to the MSMMP in 2024, the ground count survey methodology was revised. 
Additional point count locations were selected from previously surveyed sites and in other public 
access locations where shorebirds have been recorded in high numbers in other regional shorebird 
surveys. 2025 marks the first year of the new systematic survey design for ground counts outlined 
below, and as such is not comparable with previous ground count data. In future years, ground count 
data will be incorporated further in our analysis when between year comparisons can be made. 

Ground surveys were conducted at 4 impact, 3 control and 3 regional sites to provide supplementary 
data to the aerial surveys (Figure 4-2). The ground surveys also help inform species level designations 
for the aerial survey data, for example where 2 species of the same genus cannot be delineated in the 
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aerial surveys. This data also provides information on the abundance and diversity of Migratory 
species in areas outside of the Development Envelope (DE). 

Three impact sites are located at the evaporation ponds with one additional impact site situated near 
the jetty (Figure 4-2). Based on observations at other coastal saltworks (e.g., Bennelongia 2011; 
Bertzeletos et al. 2012; Clemens et al. 2009; Estrella et al. 2016; Houston et al. 2012; Storr 1984), it is 
anticipated that once the Project is operational, the first few ponds will have the highest bird activity 
and the last few ponds where salinity is highest will have the lowest bird activity. The 2 pond impact 
sites will provide additional trend data to the aerial surveys to monitor this potential change. 

Control sites were selected in similar shorebird habitats to those of the MSSA. Control sites are located 
10 – 40 km from the DE and regional sites are located >40 km from the DE (Figure 4-2). Data from the 
regional survey sites, and/or other regional shorebird studies (where available) will be used to 
calibrate for annual variation in Migratory shorebird numbers in future reports, as this was the first 
year of standardised surveys at ground sites. Ground survey site selection considered accessibility to 
sites in addition to habitats present. 

Ground surveys were carried out by the same team that completed the aerial surveys, during the days 
leading up to or after the aerial surveys were completed. The survey team spent 20 minutes at each 
site recording all bird species they could detect (both visually and by bird call) with the aid of binoculars 
and a telescope. The total area surveyed at ground count sites varied due to differences in visibility, 
which effected the distance at which birds could be detected. Each site was visited twice, once at high 
tide and once at low tide. This is to account for tidal variation in the surrounding area, which may 
influence the bird’s usage of these areas (i.e. at high tide when coastal mudflats are inundated, birds 
tend to move inland and use roosting habitat or alternative foraging habitat). 

While completing the ground surveys, any evidence of predation pressure from cats and/or dogs or 
disturbances caused by humans was recorded. Relevant weather conditions (rain), approximate wind 
speed, and tide height data was recorded. Additionally, opportunistic bird surveys were also 
conducted where large numbers of Migratory shorebirds were detected outside of the standardised 
survey periods. 

Table 4-1 Summary of shorebird monitoring program coverage 

Method Location 
No. of 

replicates 
Total area of coverage 

(ha) 

Aerial survey ( 

Figure 4-1) 

Impact area 9 2,250 

Control area 9 2,250 

Subtotal 18 4,500 

Ground survey (Figure 4-2) Impact area 4 Variable area 

 Control area 3 Variable area 

 Regional area 3 Variable area 

Subtotal 10 Variable area 

Total 28 - 
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4.2.4 Statistical analysis 

To assess changes in the Migratory shorebird assemblage over time, a series of hypotheses are tested 
that relate to specific trigger values. In the event that the data shows any of the alternative hypotheses 
are supported (i.e. statistically significant declines measured in the impact area relative to the control 
area) then the preliminary trigger is considered met, which then required a management response as 
detailed in the MSMMP (BCI Minerals 2024). 

The following section is taken from the MSMMP that outlines the statistical methods used to test the 
monitoring data, and Table 4-2 provides the relevant terminology and descriptions for the analysis. 
The descriptions have been slightly reworded from the MSMMP to improve the clarity of the terms. 
The 6 species identified as indicator species, and their associated size class and foraging niche are 
presented in Table 4-3. 

Table 4-2 Terminology/definitions 

Term Description 

Indicator species A subset of the species present within the study area. Species selected for this group were 

chosen based on their detection rate and relative abundance, as well as biological factors 

relating to body size and feeding niche (see Table 4-3). 

Selecting species with a high detection rate and/or relative abundance improves confidence 

in the statistical tests as it improves the statistical power in the analysis. Additionally, 

species that occur in the largest numbers are the most likely to be impacted by the Project. 

In addition to detection rate/relative abundance, the indicator species were selected from a 

range of different size classes (small, medium, large), and who occupy different feeding 

niches (e.g. visual, tactile, water surface), to provide a representative suite of the Migratory 

shorebirds present near the Project. 

The following 6 species are proposed as indicator species: 

- Common Sandpiper (Actitis hypoleucos) 

- Bar-tailed Godwit (Limosa lapponica) 

- Red-necked Stint (Calidris ruficollis) 

- Grey-tailed Tattler (Tringa brevipes) 

- Common Greenshank (Tringa nebularia) 

- Whimbrel (Numenius phaeopus) 

Monitoring transects 10 x (500 m2) quadrats aligned in a row that extends 5 km through a range of habitats, 

containing habitats suitable for Migratory shorebirds (see Figure 4-1 for map of monitoring 

transects). 

Sampling event A single flight in which all impact and control monitoring transects are visited. Annual 

monitoring includes 8 sampling events across both control and impact transects made up of 

4 high tide and 4 low tide counts over 4 consecutive days during a spring tide period 

between late January and early February. 

Relative abundance Total number (SUM) of all indicator species birds detected, divided by the number of 

sampling events. 

This metric is used for determining whether there is variation in the number of shorebirds 

present each year while taking into consideration the amount of survey effort undertaken. 

Accounting for survey effort allows this data to be standardised between years, as 

unexpected events may limit survey effort in any particular year. This metric directly relates 

to preliminary trigger 1 in Table 1-1. 

Relative richness The number (COUNT) of all Migratory shorebird species detected (based on the current 

EPBC list) per year, divided by the number of sampling events. 
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Term Description 

This metric is used for determining whether there is variation in the number of shorebird 

species present each year while taking into consideration the amount of survey effort 

undertaken each year. Accounting for survey effort allows this data to be standardised 

between years, when unexpected events may limit survey effort in any particular year. This 

metric directly relates to preliminary trigger 1 in Table 1-1 

Detection rate  The number (COUNT) of times an indicator species was detected, divided by the number of 

sampling events. 

This metric is used for determining whether there is variation in the detectability of 

shorebird species present each year while taking into consideration the amount of survey 

effort undertaken each year. Accounting for survey effort allows this data to be standardised 

between years, when unexpected events may limit survey effort in any particular year. This 

metric directly relates to preliminary trigger 1 in Table 1-1. 

Mean count per detection The sum of (COUNT) per species, divided by the number of detections. 

Impact area (site type) Monitoring transects inside or within 10 km of the DE. 

Control area (site type) Monitoring sites between 10 km and 40 km from the DE. 

Regional site Monitoring sites >40 km from the DE. 

Migratory shorebirds Shorebirds are birds that inhabit the shorelines of coasts and inland water bodies during 

most of their life cycles. In particular, Migratory shorebirds include the 37 shorebird species 

that migrate annually to and from Australia listed in DoEE (2017). All of these shorebird 

species that are present within the project area, breed in the northern hemisphere and 

migrate annually to their southern nonbreeding areas including Australia. 

 

Table 4-3 Indicator species weight class and foraging niche 

Species Status Weight class* Feeding niche* 

Bar-tailed Godwit (Limosa lapponica) Mig (EPBC & BC Acts) Large Tactile surface foraging 

Red-necked Stint (Calidris ruficollis) Mig (EPBC & BC Acts) Small Tactile surface foraging 

Whimbrel (Numenius phaeopus) Mig. (EPBC & BC Acts) Large Visual surface foraging 

Grey-tailed Tattler (Tringa brevipes) Mig. (EPBC & BC Acts; P4 DBCA list) Medium Visual surface foraging 

Common Sandpiper (Actitis hypoleucos) Mig (EPBC & BC Acts) Small Visual surface foraging 

Common Greenshank (Tringa nebularia) EN/Mig.; Mig. (EPBC Act; BC Act) Medium Water surface foraging 

*Based on information from (Lei et al. 2021) and (Ntiamoa‐Baidu et al. 1998). 

4.2.4.1 Analysis of covariance 

An analysis of covariance (ANCOVA) was used to assess whether there was any reduction in the 
relative abundance, detection rate, or richness of Migratory shorebirds across the impact area relative 
to the control area. ANCOVA is a general linear model that combines analysis of variance (ANOVA) and 
regression. It is designed to compare one or more means while controlling for the effects of one or 
more variables (called covariates). 

ANOVA is used to analyse the difference (variance) between group (e.g. between impact and control 
areas). Regression is a statistical process for estimating the relationships between a 
dependent/response variable (e.g. abundance, richness, detection rate) and one or more 
independent/predictor variables (e.g. year and site type [impact and control]). These tests were 
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undertaken using ‘rstatix’ (Kassambara 2023), and ‘dplyr’ (Wickham H et al. 2023) in R statistical 
software (R Core Team 2023). Table 4-4 and Table 4-5 outline the variables and hypotheses that were 
tested. As all triggers are directional in that they relate specifically to a decline at impact relative to 
control areas, all tests used were single-tailed. The MSMMP calls that trigger values are compared to 
at a p value of 0.05 for significantly lower results. 

Table 4-4 Variables used in the analysis 

Variable Description 

Dependent Variables (DV):  Relative abundance, relative richness and detection rate 

Independent Variables (IV):  Site type (impact and control), survey year 

Covariates (CV):  Tide height (low or high) and proportion of transect made up of either 
coastal samphire or coastal mudflat habitats  

 

Table 4-5 Hypothesis tested during data analysis 

Hypothesis Test 

Null hypothesis (H0)1 The mean relative abundance is no lower across the impact area than the 
control area across years after adjusting for the covariates. 

Alternative hypothesis (H1)1 The mean relative abundance is lower across the impact area than the 
control area across years after adjusting for the covariates. 

Null hypothesis (H0)2 The mean relative richness is no lower across the impact area than the 
control area across years after adjusting for the covariates. 

Alternative hypothesis (H1)2 The mean relative richness is lower across the impact area than the control 
area across years after adjusting for the covariates. 

Null hypothesis (H0)3 The mean detection rate for each indicator species is no lower across the 
impact area than the control area across years after adjusting for the 
covariates. 

Alternative hypothesis (H1)3 The mean detection rate for each indicator is lower across the impact area 
than the control area across years after adjusting for the covariates. 

 

An important factor to note with ANCOVA is that several assumptions need to be passed to produce 
reliable results. These assumptions include: 

- the data is measured on a continuous scale 
- the independent value consists of 2 or more categories 
- there is independence of observations 
- there are no significant outliers 
- the dependent variable is normally distributed 
- there is homogeneity of variances 
- the covariate is linearly related to the dependent variable at each level of the independent 

variable 
- there is no interactions between the independent variable and the covariate 

When we tested the data to determine whether each of these assumptions had been met for the data 
collected between 2022 and 2025, the data failed to meet the requirements with regards to both 
homogeneity of variance and normality. As a result, an ANCOVA could only be undertaken on the 
relative abundance of indicator species, as this passed both tests. 
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Where significant results were recorded (p ≤ 0.05), post-hoc pairwise comparisons were performed. 
The post-hoc Tukey's Honest Significant Difference test was performed using R with the ‘emmeans’ 
package (Lenth 2025). The test was applied to the significant dependent variable to identify which 
pairs of levels (year and site type influence) exhibited statistically significant differences. 

4.2.4.2 Mann-Whitney U test 

To conduct the tests that did not pass the assumptions of ANCOVA, a Mann-Whitney U test (also 
known as the Wilcoxon rank-sum test) was used. This test is the most suitable statistical method for 2 
groups with non-parametric data (Macfarland 2016). This test has 5 key assumptions, all of which were 
met by the dataset: 

1. Independence of observation. Each detection is independent, as each shorebird individual is 
expected to only be detected once per flight as we do not resample the same areas. 

2. Continuous Data. The data is ordinal, meaning it follows a meaningful order, such as year and 
tide height. 

3. Similar distributions. The test assumes that the 2 groups have similar distributions. In this case, 
both groups consist of an equal number of transects, ensuring comparable distributions. 

Two assumptions that the Mann-Whitney U test does not make are as follows: 

1. No assumption of normal distribution. The data is not assumed to follow a normal distribution. 
2. No assumption of homogeneity of variance. The test does not assume equal variances 

between the groups but there is an assumption that variability or spread between the groups 
should not be substantially different (Macfarland 2016). 

The Mann-Whitney U tests the null hypothesis of no difference between the independent groups 
(impact vs control or between years). As this test can only test between 2 groups at a time, the data 
must first be separated and run as specific tests. This way of testing does not provide the same level 
of robust results, as covariate influence cannot be considered during testing. Section 0 outlines the 
tests undertaken and their result. 
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4.3 SURVEY TIMING 

Field survey dates are provided in Table 4-6. 

Table 4-6 Survey dates 

Survey type Season Dates 

Annual Shorebird Monitoring, 2025 Summer 30 January – 5 February 

4.4 SURVEY PERSONNEL 

The personnel involved in the surveys are listed in (Table 4-7). 

Table 4-7 Survey personnel 

Name Qualifications Role/s 

Floyd Holmes PhD, BSc (Hons)  Field work, reporting 

Patrick Williams  MSc (Research), BSc Field work, reporting, data analysis 

Ethan Broom BSc (Hons) Reporting 

Tom Ferries BSc  Reporting 
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5 RESULTS 

5.1 AERIAL SURVEY RESULTS 

5.1.1 Overall annual comparison 

Results from the 2022 - 2025 shorebird monitoring surveys are summarised in Table 5-1 for number 
of detections, total count, and mean count per detection of Migratory shorebirds during aerial 
surveys. Figure 5-1 summarises mean count per detection of Migratory shorebirds. 

A table containing all species recorded during the aerial surveys over the past 4 years, including 
migratory bird species that are not shorebirds such as several species of terns, is presented in 
Appendix 3. All non-shorebird migratory species detected in 2025 have been excluded from the results 
and discussion of this report as they are not covered under the MSMMP. 

To better visualise the data, all figures exclude Oriental Pratincole (Glareola maldivarum), which are 
an outlier species that had extremely high average count per detection when compared to all other 
species recorded in 2022, 2023, and 2025 aerial surveys (2,931, 3,258, and 354 individuals 
respectively). Despite 2025 having the lowest mean count per detection over the past 4 years, it also 
had the highest number of detections (178). This is indicative that Oriental Pratincole were more 
dispersed across the landscape than in previous years when fewer observations were made of large 
congregations of Oriental Pratincole. Interestingly, Oriental Pratincole were not detected during the 
2024 aerial surveys, which further demonstrates the variability of their occurrence in the landscape. 
In 2025, up to 8,000 Oriental Pratincole were recorded in a single opportunistic sighting at both Opp03 
and Opp08 (Figure 4-2). These were not included in the detection rate calculations as they were 
opportunistic observations made while traversing between transects. 

Aside from Oriental Pratincole, the Migratory shorebirds taxon with the highest average count across 
all previous survey years is Sand Plover sp. (Charadrius sp.). Sand Plover sp. refers to an identification 
given to Greater Sand Plovers (Charadrius leschenaultii) and Lesser Sand Plover (Charadrius mongolus) 
where they could not be identified to species level, due to difficulty separating characteristics at range 
and from a helicopter. In 2025, Bar-tailed Godwit had the highest average count per detection (19). 
However, this species was only detected on 4 occasions with a total count of 77 individuals. Sand 
Plover sp. had the second highest average count in 2025 (18). However, in comparison to Bar-tailed 
Godwit, Sand Plover sp. was detected 334 times. Red-necked Stint had a relatively high average count 
in 2024 (30), which was the same for Sand Plover sp., however Red-necked Stint was not detected in 
2025. 

Species richness recorded during aerial surveys over the 2022 – 2025 monitoring rounds has ranged 
from 13 (2022) to 21 (2023). Of these, 10 species have been detected in all sampling years (Table 5-1). 
Red-necked Stint (Calidris ruficollis) was the only species recorded in all previous years that was not 
detected in 2025. Great Knot and Red Knot (Calidris canutus) were also not recorded in 2025 despite 
being recorded in one or both of the past 2 years (2023 and 2024). However, Knot sp. was recorded 
in 2025, which is the identification given to birds that are either Great Knot or Red Knot, so both Knot 
species may have been present during aerial surveys. Grey Plover (Pluvialis squatarola) was also not 
recorded in 2025, during either aerial counts or ground counts (see Section 5.2), despite being 
recorded in 2023 and 2024. 

Black-tailed Godwit (Limosa limosa), Red Knot (Calidris canutus), Pacific Golden Plover (Pluvialis fulva), 
and Sharp-tailed Sandpiper (Calidris acuminata) were only recorded during aerial surveys in 2023 and 
have not been detected since. 
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Table 5-1 Number of detections, total count, and mean count per detection during aerial surveys of Migratory shorebird species 

Taxon 
Detections1 Total count Mean count per detection 

2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 

Common Sandpiper 
Actitis hypoleucos (Mig.) 

50 179 48 15 73 276 59 15 1 2 1 1 

Greater Sand Plover 
Anarhynchus leschenaultii (VU/Mig.) 

3 18  6 3 152  73 1 8  12 

Ruddy Turnstone 
Arenaria interpres (VU/Mig.) 

77 11 9 14 349 25 76 67 5 2 8 5 

Sharp-tailed Sandpiper 
Calidris acuminata (Mig.) 

 36    235    7   

Sanderling 
Calidris alba (Mig.) 

 7  1  37  10  5  10 

Red Knot 
Calidris canutus (EN/Mig.) 

 2    4    2   

Red-necked Stint 
Calidris ruficollis (Mig.) 

11 47 1  164 479 30  15 10 30  

Knot species 
Calidris sp. (CR/EN/Mig.) 

6 34 18 4 43 458 216 8 7 13 12 2 

Great Knot 
Calidris tenuirostris (VU/Mig. EPBC Act; CR BC Act) 

 13 1   32 20   2 20  

Lesser Sand Plover 
Charadrius mongolus (EN/Mig.) 

 2  4  3  56  2  14 

Sand Plover sp. 
Charadrius sp. (EN/VU/Mig.) 

112 299 123 334 343 4,421 3,690 5,885 3 15 30 18 

Bar-tailed Godwit 
Limosa lapponica (Mig.) 

20 39 2 4 457 394 24 77 23 10 12 19 

Black-tailed Godwit 
Limosa limosa (Mig.) 

 2    2    1   

Eastern Curlew 
Numenius madagascariensis (CR/Mig.) 

38 38 25 21 55 69 211 27 1 2 8 1 

Whimbrel 
Numenius phaeopus (Mig.) 

137 200 98 144 275 509 395 422 2 3 4 3 

Pacific Golden Plover 
Pluvialis fulva (Mig.) 

 4    29    7   

Grey Plover 
Pluvialis squatarola (VU/Mig.) 

 25 4   170 9   7 2  
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Taxon 
Detections1 Total count Mean count per detection 

2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 

Grey-tailed Tattler 
Tringa brevipes (P4/Mig.) 

217 215 112 153 1,207 1,918 2,033 629 6 9 18 4 

Common Greenshank 
Tringa nebularia (EN/Mig.) 

54 73 61 17 98 319 176 29 2 4 3 2 

Terek Sandpiper 
Xenus cinereus (Mig.) 

6 25 4 1 25 128 8 2 4 5 2 2 

Oriental Pratincole 

Glareola maldivarum (Mig.) 
10 118  178 29,312 384,432  62,980 2,931 3,258  354 

Black shading denotes species not recorded during corresponding year of annual monitoring’s aerial surveys. 

1 Detections during aerial surveys only 
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Figure 5-1 Mean count per detection of Migratory shorebird species between 2022 and 2025 
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5.1.2 Control and impact areas 

5.1.2.1 Abundance of indicator species 

During all sampling periods, including 2025, relative abundance of indicator species was higher in the 
control area than the impact area (Figure 5-2). The largest difference in relative abundance between 
control and impact areas was recorded in 2022. Overall, relative abundance in impact and control 
areas was lowest in 2025. The highest relative abundance in the impact area was recorded in 2023 
and the highest in the control area was recorded in 2022. 

 

Figure 5-2 Mean relative abundance of indicator species per transect by year within impact 
and control areas displayed in proportions 

5.1.2.2 Richness of all shorebird species 

Relative richness was higher in the control area compared with the impact area in all years of 
monitoring (Figure 5-3). Relative richness varied from 1.60 to 4.13 per transect in the impact area and 
2.89 to 6.46 per transect in the control area. In 2023, the highest relative richness per transect per 
year was recorded (6.46) and the largest total difference in relative richness between impact and 
control areas (4.13 and 6.46, a difference of 2.33). However, the largest proportional difference in 
relative richness between impact and control was recorded in 2024 (1.60 vs 2.89, with relative richness 
in the control area being 80.63% higher than the impact area). 

 

Figure 5-3 Mean relative richness per transect by year within impact and control areas 
displayed in proportions 
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5.1.2.3 Detections of indicator species 

Overall, most indicator species had a higher number of detections within the control area than the 
impact area (Figure 5-4). All species tend to follow a similar trend with a peak in 2023 and a decline in 
the following 2 years, with Common Greenshank, Common Sandpiper, and Red-necked Stint 
recording the lowest number of detections in 2025. Grey-tailed Tattlers and Whimbrels were both 
detected more frequently in 2025 compared to 2024. 

 

Figure 5-4 Number of detections of indicator species in control and impact areas between 2022 
- 2025 

5.1.2.4 Abundance of indicator species in mudflats and samphire 

Relative abundance of indicator species within samphire and mudflats was more variable than that 
seen across the broader study area (Figure 5-5). Relative abundance in samphire and mudflats was 
higher in the control area than the impact area in all years except 2024. The high relative abundance 
in the impact area in 2024 was the result of a large congregation of Grey-tailed Tattlers at a single site. 

The highest relative abundance in both impact and control was recorded in 2023. The lowest relative 
abundance in the impact area was recorded in 2022 and the lowest in the control area was recorded 
in 2024. 

 

Figure 5-5 Mean relative abundance of indicator species within Samphire and Mudflat habitats 
comparing control and impact areas per year 
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5.1.2.5 Species richness of all shorebirds within mudflats and samphire 

Overall species richness within Samphire and Mudflat habitats generally appears to be lower in the 
impact area than the control area (Figure 5-6). Species richness has fluctuated over time, with the 
highest relative species richness in the impact area recorded in 2025. The highest species richness in 
the control area was recorded in 2024. The lowest species richness in both impact and control areas 
were recorded in 2024. In 2025, relative species richness in the impact area was higher than that in 
the control area for the first time since monitoring began. 

 

Figure 5-6 Mean relative richness per cell in Samphire and Mudflat habitats within impact and 
control areas displayed in proportions 
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5.1.3 Trigger value assessments 

5.1.3.1 Trigger 1 

Trigger one requires that any reduction in the relative abundance, detection rate and/or richness of 
Migratory shorebirds across the impact area is not statistically different (P=0.05) to the corresponding 
metric in the control area. To test this, the abundance, detection rate and richness between years and 
between impact and control areas are compared to determine if a significant change has occurred. 

5.1.3.1.1 Abundance of indicator species 

An ANCOVA was used to compare the effects of year and site type (impact or control) on the relative 
abundance of all indicator species detected during the aerial surveys (Table 5-2). The ANCOVA 
determined that both year (p = 0.04) and site type (p < 0.01) had a significant effect on relative 
abundance over the past 4 years. Estimated Marginal Means (EMMs) using Tukey’s adjustment were 
calculated for relative abundance between years (Table 5-3). This test did not identify any significant 
differences between given pairwise sets of years. The comparison between the first and last year of 
monitoring data (2022 and 2025) was found to be the closest to a significant difference (estimate = 
0.73, p = 0.08). 

EMMs comparing relative abundance between areas each year found significant differences between 
control and impact areas in 2023 (Table 5-4). Specifically, this test determined that the control area in 
2023 had significantly higher relative abundance than the impact area in 2023 (estimate = 0.83, p = 
0.04). 

Table 5-2 ANCOVA results comparing relative abundance between years and between impact 
and control areas 

Variable 
Degrees of 
freedom 

Sum square Mean square F value P value 

Year 3 12.72 4.24 2.86 0.04 

Site type 1 16.2 16.20 10.91 <0.01 

Residual 133 197.56 1.49 - - 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP. 

Table 5-3 Post-hoc pairwise comparisons of relative abundance between years with 
estimated marginal means using Tukey's adjustment 

Contrast Estimate Standard error Degrees of freedom T ratio P value 

2022 - 2023 0.08 0.30 133 0.25 0.99 

2022 - 2024 0.39 0.30 133 1.29 0.57 

2022 - 2025 0.73 0.30 133 2.40 0.08 

2023 - 2024 0.31 0.29 133 1.09 0.69 

2023 - 2025 0.65 0.29 133 2.27 0.11 

2024 - 2025 0.34 0.29 133 1.18 0.64 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP. 

Table 5-4 Post-hoc pairwise comparisons of relative abundance for each year with estimated 
marginal means using Tukey's adjustment 

Year Contrast Estimate Standard error Degrees of freedom T ratio P value 

2022 Control - Impact 0.59 0.46 130 1.29 0.20 
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Year Contrast Estimate Standard error Degrees of freedom T ratio P value 

2023 Control - Impact 0.83 0.41 130 2.03 0.04 

2024 Control - Impact 0.68 0.41 130 1.69 0.10 

2025 Control - Impact 0.63 0.41 130 1.54 0.13 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP. 

5.1.3.1.2 Richness of all shorebird species 

Relative richness of all shorebird species was not found to be significantly lower in 2025 when 
compared to 2022 (p = 0.07) which was the first year of the monitoring program. Though it was found 
to be significantly lower in 2024 compared to 2023 (p < 0.01). In addition, relative richness was 
significantly lower in the impact area compared to the control area in both 2023 and 2024, but not in 
2022 or 2025 (Table 5-5). Relative richness was not significantly lower in 2025 when compared to 
2024. 

Table 5-5  Mann-Whitney U tests comparing relative richness between years and between 
impact and control areas 

Hypothesis Result Comment 

Relative richness is not significantly lower (p < 0.05) in 2025 compared to 2024 p = 0.96 Hypothesis 
accepted 

Relative richness is not significantly lower (p < 0.05) in 2024 compared to 2023. p < 0.01 Hypothesis 
rejected 

Relative richness is not significantly lower (p < 0.05) in 2023 compared to 2022. p = 1 Hypothesis 
accepted 

Relative richness is not significantly lower (p < 0.05) in 2025 compared to 2022 p = 0.07 Hypothesis 
accepted 

Relative richness is not significantly lower (p < 0.05) in the impact area than it is in 
the control area in 2025 

p = 0.09 Hypothesis 
accepted 

Relative richness is not significantly lower (p < 0.05) in the impact area than it is in 
the control area in 2024. 

p = 0.01 Hypothesis 
rejected 

Relative richness is not significantly lower (p < 0.05) in the impact area than it is in 
the control area in 2023. 

p = 0.02 Hypothesis 
rejected 

Relative richness is not significantly lower (p < 0.05) in the impact area than it is in 
the control area in 2022. 

p = 0.15 Hypothesis 
accepted 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP. 
 

5.1.3.1.3 Detections of indicator species 

Every indicator species tested was found to be significant in at least one of the tests over the past 4 
years when comparing detection rate between impact and control areas (Table 5-6). However, it was 
only possible to assess the change on 5 out of the 6 species, as one (Red-necked Stint) was recorded 
too infrequently to test. 

Common Sandpiper was not significantly different between impact and control areas in 2022, which 
was prior to water being pumped into the ponds. Common Sandpiper was found to have significantly 
declined each year for the past 2 years, and was also found to be detected less frequently in the impact 
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area compared to the control area in 2025 and 2023, but not in 2024. (Table 5-6). This indicates that 
Trigger 1 in Table 1-1 has been met. 

Bar-tailed Godwit detection rate was found to fluctuate and not follow a clear trend. Detection rate 
was significantly lower in 2024 compared to 2023, and between 2025 and 2022. Bar-tailed Godwit 
detection rate was found to be significantly lower in the impact area than the control area in 2023 but 
not 2022, 2024 or 2025. Based on these results, it is possible that trigger 1 in Table 1-1 has been met 
regarding this species, however this may simply be natural variation in occupancy of Bar-tailed Godwit 
between years. 

Common Greenshank detection rate was found to fluctuate across the 4 years and did not follow a 
clear trend. Detection rate was significantly lower in 2024 compared to 2023, and between 2025 and 
2022 but not between any other permutations of years. Relative abundance for Common Greenshank 
was not found to be significantly different between control and impact areas in any year. Based on 
these results, it is likely that trigger 1 in Table 1-1 has not been met regarding this species, and this is 
simply natural variation in occupancy of Common Greenshank between years. 

Grey-tailed Tattler detection rate was not found to be significantly lower in any year when compared 
to the corresponding previous year. However, Grey-tailed Tattler detection rate was found to be 
significantly lower between impact and control areas in every year since operations began (2023-
2025) when compared to 2022. This indicates that Trigger 1 in Table 1-1 has been met. 

Whimbrel detection rate was only found to be significantly lower in 2024 compared to 2023. Whimbrel 
was found to have significantly lower relative abundance in the impact area compared to the control 
area in all years except 2022. This indicates that Trigger 1 in Table 1-1 has been met. 

Red-necked Stint detection rate has declined to be low enough over the past few years that there 
were too many 0 values to undertake Mann-Whitney U in 2025 and 2024. As such, where detection 
rates are too low to be tested, any triggers using these years’ data are considered met. Red-necked 
Stint’s detection rate was not found to be significantly lower in 2023 compared to 2022, and not 
significantly lower in the impact area compared to the control area in 2022 or 2023. Based on these 
results, it appears that Trigger 1 in Table 1-1 has been met, however the suitability of Red-necked Stint 
as an indicator species may need to be revised, as detection rate appears to be too low for robust 
analyses. 

Table 5-6 Testing detection rates of the indicator species between years and between impact 
and control areas to support or reject null hypotheses 

Species Hypotheses tested Result Comment 

Common 
Sandpiper 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022 

p = 0.98 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

p = 0.05 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

p = 0.09 Hypothesis 
accepted 
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Species Hypotheses tested Result Comment 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p = 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.4 Hypothesis 
accepted 

Bar-tailed 
Godwit 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

p = 0.80 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022. 

p = 0.77 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

p = 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

p = 0.15 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

p = 0.52 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p = 0.05 

 

Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.11 Hypothesis 
accepted 

Common 
Greenshank 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

p = 0.74 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022 

P = 0.21 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

p = 0.68 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

p = 0.1 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p = 0.15 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.15 Hypothesis 
accepted 

Grey-tailed 
Tattler 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

p = 0.91 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

p = 0.15 Hypothesis 
accepted 
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Species Hypotheses tested Result Comment 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022 

p = 0.12 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

p = 0.13 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

p = 0.02 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

p = 0.03  Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p = 0.02 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.55 Hypothesis 
accepted 

Whimbrel Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

p = 0.82 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

p = 0.03 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022 

p = 0.45 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

p = 0.11 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

p < 0.05 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

p = 0.02 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p < 0.01 Hypothesis 
rejected 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.13 Hypothesis 
accepted 

Red-necked 
Stint 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2024 

Data deficient Species not 
detected during 
2025 and only 
once in 2024 
(Figure 5-4) 

Detection rate is not significantly lower (p < 0.1) in 2024 
compared to 2023 

Data deficient Species only 
detected once in 
2024 (Figure 5-4) 

Detection rate is not significantly lower (p < 0.1) in 2023 
compared to 2022 

p = 0.86 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in 2025 
compared to 2022 

Data deficient Species not 
detected in 2025 
(Figure 5-4) 



Annual Shorebird Monitoring Survey for the Mardie Project 2025 
Prepared for BCI Minerals Pty Ltd    

   33 

Species Hypotheses tested Result Comment 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2025 

Data deficient Species not 
detected in 2025 
so detection rates 
cannot be 
compared 
between control 
and impact areas 
(Figure 5-4) 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2024 

Data deficient Species only 
detected once in 
2024 so detection 
rates cannot be 
compared 
between control 
and impact areas 
(Figure 5-4) 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2023 

p = 0.37 Hypothesis 
accepted 

Detection rate is not significantly lower (p < 0.1) in the 
impact area than it is in the control area in 2022 

p = 0.11 Hypothesis 
accepted 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP or were data 
deficient. 
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5.1.3.2 Trigger 2 

Trigger 2 requires that no statistically significant (P=0.05) decline in detection rate within coastal 
samphire and mudflat habitats in the impact area occurs relative to corresponding habitats in the 
control area. It was not possible to use detection rate as the response/dependent variable in the 
analysis due to the structure of the data not being normally distributed and the uneven number of 
sites containing these habitat types between impact and control sites. As such, abundance and 
richness were used as alternative metrics to assess this trigger. 

Relative abundance within Samphire and Mudflats habitats was found to be significantly lower in 2025 
compared to 2022, and in 2024 compared to 2023. However, no significant difference was found 
between 2025 and 2024, or between 2023 and 2022 (Table 5-7). 

Relative abundance was significantly lower in the impact area compared to the control area in all 
years, except 2024. Relative abundance was higher in the impact area in 2024 but there was 
insufficient data to successfully test whether this was significant. 

Relative richness within Samphire and Mudflats habitats was also found to be significantly lower in 
2024 compared to 2023, and between control and impact areas in 2024, 2023, and 2022. Based on 
these results, it is not possible to determine whether a significant decline has occurred. 

Table 5-7 Testing relative abundance and relative richness between years and between 
impact and control areas in Samphire and Mudflat habitats 

Variable Hypothesis tested  Result Comment 

Relative 
abundance 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2025 compared to 2024 

p = 0.83 Hypothesis 
accepted 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2024 compared to 2023 

p = 0.01 Hypothesis 
rejected 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2023 compared to 2022 

p = 0.16 Hypothesis 
accepted 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2025 compared to 2022 

p < 0.01 Hypothesis 
rejected 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2025 

p < 0.01 Hypothesis 
rejected 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2024 

Data 
deficient 

 

Insufficient data to 
test 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2023 

p < 0.01 Hypothesis 
rejected 

Relative abundance in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2022 

p = 0.01 Hypothesis 
rejected 

Relative 
richness 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2025 compared to 2024 

p = 1 Hypothesis 
accepted 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2024 compared to 2023 

p < 0.01 Hypothesis 
rejected 
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Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2023 compared to 2022 

p = 0.66 Hypothesis 
accepted 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in 2025 compared to 2022 

p = 1 Hypothesis 
accepted 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2025 

p = 0.36 Hypothesis 
accepted 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2024 

p < 0.01 Hypothesis 
rejected 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2023 

p < 0.01 Hypothesis 
rejected 

Relative richness in Samphire and Mudflat habitats is not 
significantly lower (p < 0.1) in the impact area than it is in the 
control area in 2022 

p < 0.01 Hypothesis 
rejected 

* Grey rows indicate tests that had a p value of less than 0.05 as per the trigger values outlined in the MSMMP. 
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5.1.3.3 Trigger 3 

Trigger 3 specifies that within the Development Envelope, there are congregations of shorebirds observed foraging, roosting or nesting. During the 2025 field 
survey, large congregations of Oriental Pratincole were recorded foraging and roosting during the aerial surveys (Table 5-8). As many as 60,980 individuals 
were recorded across the entire survey, including 52,901 in the impact area. This suggests that Oriental Pratincoles were favouring the impact area, triggering 
the third criteria listed in the MSMMP. No Migratory shorebird species were recorded nesting during the field surveys, which is expected as they do not breed 
in Australia. 

Table 5-8 Number of detections, abundance, and relative abundance of Migratory shorebirds recorded by behaviour either foraging, roosting, or 
nesting in the study area during aerial surveys 

Common name Status 
Number of detections Abundance Relative abundance 

Foraging Roosting Nesting Foraging Roosting Nesting Foraging Roosting Nesting 

Greater Sand Plover VU/Mig. (EPBC Act); VU (BC Act) 6 0 0 73 0 0 12 0 0 

Oriental Pratincole Mig. (EPBC & BC Acts) 103 74 0 24,105 36,875 0 234 498 0 

Sanderling Mig. (EPBC & BC Acts) 1 0 0 10 0 0 10 0 0 

Eastern Curlew CR/Mig./CR (EPBC Act; BC Act) 19 2 0 24 3 0 1 2 0 

Grey-tailed Tattler Mig. (EPBC & BC Acts) P4 (DBCA list) 105 48 0 394 235 0 4 5 0 

Common Greenshank EN/Mig./Mig. (EPBC Act; BC Act) 12 5 0 24 5 0 2 1 0 

Lesser Sand Plover EN/Mig./EN (EPBC Act; BC Act) 4 0 0 56 0 0 14 0 0 

Ruddy Turnstone VU/Mig./Mig. (EPBC Act; BC Act) 11 3 0 58 9 0 5 3 0 

Whimbrel Mig. (EPBC & BC Acts) 94 50 0 134 288 0 1 6 0 

Bar-tailed Godwit Mig. (EPBC & BC Acts) 3 1 0 32 45 0 11 45 0 

Common Sandpiper Mig. (EPBC & BC Acts) 12 3 0 12 3 0 1 1 0 

Terek Sandpiper VU/Mig./Mig. (EPBC Act; BC Act) 1 0 0 2 0 0 2 0 0 
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5.2 GROUND-BASED SURVEY RESULTS 

Relative abundance of Migratory shorebirds was found to be generally higher at regional count sites 
in comparison with control and impact sites (Figure 5-7). Oriental Pratincole had the highest relative 
abundance across the regional and impact sites, recording 31 and 327 individuals per sample 
respectively. Oriental Pratincole was removed from the below figure to better visualise the less 
abundant species. 

All Migratory shorebirds, except for Oriental Pratincole, had lower relative abundance at impact sites 
than regional or control sites. Greater Sand Plover was recorded in greater relative abundance in the 
control area than the impact and regional areas. Five Knots were recorded during the regional counts 
that could not be identified to species as they were several hundred meters from the point, and the 
relevant diagnostic features were not visible. 

 

Figure 5-7 Relative abundance of Migratory shorebirds recorded during ground counts within 
control, impact and regional areas 

5.3 FERAL ANIMALS 

Cat tracks were recorded at Ground Count 1 (Figure 4-2), located to the north and outside of the 
Development Envelope. No other feral animals were recorded during the 2025 survey. 
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6 DISCUSSION 

The MSMMP was formally updated during 2024, which included the addition of specific statistical 
analyses to test preliminary trigger values. It was however noted in the updated MSMMP that the 
analyses and triggers may need to be revised in future years, as more data became available. This is 
the first year the monitoring programs’ data has been statistically analysed to investigate the trends 
of Migratory shorebird population. ANCOVA testing was attempted on all triggers this year following 
the methods outlined in the MSMMP, however the data for the majority of triggers did not pass the 
required assumptions. As such, Mann-Whitney U tests were used as suitable alternatives to compare 
the spatial and temporal differences in trigger criteria. Several of these tests produced significant 
results, indicating that triggers have been met regarding declines in Migratory shorebird occurrence 
in the impact area relative to the control area across the years that the monitoring program has been 
in effect. 

There are several factors that may have led to these declines, and in some cases, it is difficult to 
determine whether an actual decline has occurred or if the natural variation in shorebird occurrence 
between years has resulted in an apparent decline. As an example of this uncertainty, the impact of 
major weather events such as cyclones on shorebird occupancy in the lead up to the monitoring period 
is problematic. Ten days prior to the 2025 survey, there was a category 3 cyclone that passed across 
the coast to the north of Karratha (BoM 2025b). It is likely the cyclone impacted the distribution of 
shorebirds across the region for the period in which the survey was conducted. Further refinement of 
the monitoring program design and statistical tests used to assess trigger values will likely improve 
our ability to determine whether declines have occurred, and the causes of those declines. 

6.1 ABUNDANCE OF INDICATOR SPECIES 

An ANCOVA was used to compare the effects of year and site type (impact or control) on the relative 
abundance, revealing a significant effect of site type and year on abundance. 

6.1.1 Abundance between years 

Post-hoc pairwise analysis did not find any significant differences in abundance between specific years 
(see section 5.1.2.1). Therefore, trigger 1 has not been met in relation to abundance between years. 

While not statistically significant, relative abundance in both control and impact areas was lower in 
2025 than all previous years. The ratio of observed relative richness between control and impact areas 
in 2025 remained relatively consistent with that of previous years. This indicates that any decline was 
likely regional and not attributable to the Project. It is possible that the cyclone that passed to the 
north of the study area 10 days prior to the 2025 survey impacted the distribution of Migratory 
shorebirds during the survey period. 

Overall, the results suggest temporal variation in relative abundance with no consistent upward or 
downward trend. To date, the year-to-year changes have not been large enough to be significant when 
analysed independently. Variation in abundance can be driven by a number of factors, and as we 
gather data from more years of monitoring, our understanding of the natural stochasticity of shorebird 
occurrence across the study area will improve. 

6.1.2 Abundance between impact and control areas 

Post-hoc analysis revealed that relative abundance was significantly lower in the impact area 
compared to the control area in 2023 (see section 5.1.3.1.1). As such, trigger 1 has been met in relation 
to declines in abundance in the impact area relative to the control area. 
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While differences between control and impact areas were not statistically significant in other 
individual years, the relative abundance in control sites consistently exceeded that in impact sites 
across all years (Figure 5-2). This suggests a persistent spatial trend, with 2023 likely providing greater 
statistical power to detect the difference due to higher overall abundance recorded that year. This is 
supported by the highly significant ANCOVA result, indicating a strong overall spatial effect when all 
years are considered together. 

Relative abundance was consistently lower in the impact area compared to the control area across 
years, including in 2022 prior to the commencement of operations. This suggests that abundance is 
naturally lower in the impact area, rather than being a result of project related activities. So, while the 
trigger value has been met based on the results from 2023, there appears to be a comparability issue 
between the impact and control areas which may inadvertently bias the results. The inclusion of 
additional transects in under-represented habitats, specifically in the control area may reduce this 
bias. 

6.1.3 Abundance in mudflat and samphire habitats 

The number of polygons containing at least 60% mudflat or samphire habitat is 21 for the control area 
and 45 for the impact area. Assessment of detection rate between the 2 site types was not possible 
due to the uneven replication and high proportion of sites with zero records. As such, abundance (and 
richness) was used instead. These results should also be interpreted cautiously, as it is likely that the 
small number of replicates may bias the results. 

Relative abundance in samphire and mudflat habitats was found to be lower in 2025 compared to 
2022, and between 2024 compared to 2023, but not between 2024 and 2025 or 2022 and 2023. While 
this may indicate that trigger 2 was met for 2024 and 2025, it is possible this is merely an artefact of 
the small sample size, resulting in a high degree of variability between years. Like relative abundance 
for the broader study area, relative abundance in samphire and mudflats fluctuates from year-to-year. 

Site type (control vs impact) was also found to strongly influence relative abundance within samphire 
and mudflat habitats. Relative abundance was found to be significantly lower in the impact area than 
the control area in all years, excluding 2024 which could not be tested due to insufficient data. As 
such, trigger 2 is considered to have been met. 

Abundance within the samphire and mudflats is consistent with the trends in relative abundance seen 
over the broader study area and is also likely to be due to natural variation. However, the effect of 
site type appears to be significantly more pronounced within these habitats and there appears to be 
more variation in usage across years. This is likely due to the smaller sample size, resulting in greater 
susceptibility to variation between years. 

These habitat types are important foraging grounds for many of the Migratory shorebirds present at 
Mardie and they are especially sensitive the impacts of cyclones as they are low-lying and have high 
exposure (McCaffery & Gill 2020; Skeel M. A. & P. 2020; Van Gils et al. 2020a; Van Gils et al. 2020b; 
van Gils et al. 2020c; van Gils J. et al. 2020). The impact of the cyclone that occurred prior to the 2025 
survey may have been more strongly felt within these habitat types. Changes in food availability, such 
as the displacement of benthic fauna, can also influence foraging behaviour in mudflats, concentrating 
birds in newly exposed feeding areas outside the survey area. 

6.2 RICHNESS OF ALL SHOREBIRD SPECIES 

To assess relative richness of all shorebird species, Mann-Whitney U tests were used as the data did 
not pass the assumptions for ANCOVA. 
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6.2.1 Richness between years 

Relative richness was not found to be significantly different in 2025 compared to the first year of the 
monitoring program (2022) or the previous monitoring year (2024). Relative richness in 2024 was 
significantly lower than that in 2023. The decline in richness between 2023 and 2024 is likely a 
reflection of 2023 recording the highest number of individual shorebirds and the greatest overall 
species richness observed over the past 4 years of monitoring. This demonstrates the natural temporal 
fluctuations in species abundance and distribution between a high year (2023) and a low year (2024). 
As such, trigger 1 does not appear to have been met in relation to declines in richness between years. 
These results suggest that richness is subject to natural fluctuation between years, but that there is 
no consistent observable upward or downward trend. 

6.2.2 Richness in impact and control areas 

Relative richness in the impact area was significantly lower than that of the control area in 2023 and 
2024. Therefore, trigger 1 has been met in relation to declines in richness in the impact area relative 
to the control area. 

Although not statistically significant, this pattern was also seen in all other monitoring years, including 
the 2022 baseline survey and the 2025 survey. This indicates a consistent trend of lower relative 
richness in the impact area compared to the control area, though the magnitude of this difference 
varies year to year. Based on observations at other coastal saltworks (e.g., Bennelongia 2011; 
Bertzeletos et al. 2012; Clemens et al. 2009; Estrella et al. 2016; Houston et al. 2012; Storr 1984), it is 
anticipated that once the Project is operational, the first few ponds will have the highest bird activity 
and the last few ponds where salinity is highest will have the lowest bird activity. Similar to abundance, 
it is likely that the lower richness in the impact area is a result of natural environmental factors rather 
than project related activities. 

6.2.3 Richness specifically in mudflats and samphire 

No significant difference was found in relative richness between 2025 and either 2024 or 2022 in 
samphire and mudflat habitats. However, relative richness in 2024 was significantly lower than in 
2023. This pattern matches that of the broader comparison between all sites for these years, and is 
likely a result of 2023 being an unusually abundant and diverse year in comparison to the other 
monitoring years. As such, trigger 2 is not considered to have been met for 2024 in relation to declines 
between years. 

Trends in richness over time in mudflats and samphire are relatively consistent with trends in overall 
richness but appear to be more pronounced. This may indicate that year-to-year fluctuations are more 
extreme within these habitat types. Alternatively, the higher variability may be the result of lower 
sample replication. 

Relative richness in Samphire and Mudflats within the impact area was significantly lower than that 
within the control area in all years except 2025. Given there was a significant difference between the 
2 site types in 2022, prior to commencement of operations, it may be that richness is naturally lower 
across the impact sites than the control sites. As such, while it appears that trigger 2 has been met for 
richness in samphire and mudflat habitats, this metric should be revised in the context of the 
comparability of these sites in future years. 

The higher relative richness in the impact area in 2025 may have been the result of changes in 
shorebird distribution in the area following the cyclone, or some other factor. However, the limited 
number of replicates of each habitat type across the impact and control areas limit the certainty of 
this analysis. The inclusion of additional transects in future years, specifically targeting these habitats, 
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would likely improve our ability to assess changes in habitat utilisation between impact and control 
areas and provide further insight into potential causes for fluctuation. 

Excluding 2025, trends in relative richness within samphire and mudflats is consistent with overall 
richness trends but appear more pronounced. Some possible explanations for the deviation in 2025 
are that the newly created shorebird habitats within the ponds are being used more by Migratory 
shorebirds as the prey biomass increases, or that these habitats are affected less by cyclonic weather 
events as they are more sheltered. 

Given that the 2022 data indicates a significant difference in relative richness in Samphire and Mudflat 
habitats between impact and control areas pre-construction, it may be more appropriate to adopt a 
Bayesian or similar statistical method of analysis. 

6.3 DETECTIONS OF INDICATOR SPECIES 

Analysis of the indicator species is another key metric to determine differences between years and 
areas. Each indicator was selected based on its size and feeding niche. Bar-tailed Godwit (Large, tactile 
surface foraging), Common Greenshank (medium, water surface foraging), and Common Sandpiper 
(small, visual surface foraging) all had significantly lower detection rates in 2025 compared to 2022. 
Whimbrel (large, visual surface foraging) and Bar-tailed Godwit also recorded significant reductions in 
2024 compared to 2023. Notably, Common Sandpiper also showed a progressive decline from 2023 
to 2025. However, all these species had higher detection rates in 2023 than 2022, indicating that these 
changes may represent fluctuations rather than consistent upward or downward trends. As more 
years of data become available, we will be better able to infer trends between years, as 2023 appears 
to have been an unusually abundant and diverse year for shorebirds inside the study area. 

There was insufficient data to test for a significant decline in Red-necked Stint detections between 
years (excluding between 2023 and 2022, which was not significant). However, the data indicates a 
drop in detections of Red-necked Stint between 2023 and subsequent monitoring years. In absence 
of test results, detection rates of Red-necked Stint are regarded as having declined between years. 

Grey-tailed Tattler was the only species to not record any significant differences in detection rates 
between years. As such, trigger 1 has been met in relation to declines in detection rates between years 
for all indicator species, excluding Grey-tailed Tattler. 

Common Sandpiper, Bar-tailed Godwits, Grey-tailed Tattler and Whimbrel all had significantly lower 
detection rates in the impact area compared to the control area in at least one monitoring year. There 
was insufficient data to test for differences in Red-necked Stint between control and impact areas in 
2024 and 2025. However, detection rates of Red-necked Stint across the control and impact areas 
appear to be relatively consistent in these years so no difference between site types in assumed. No 
significant difference was found in detection rates for Red-necked stint between control and impact 
areas in 2022 or 2023. 

Additionally, 2022 was the only year where detection rates in the impact area were not significantly 
lower than the control area for at least one species. As such, trigger 1 has been met in relation to 
declines in detection rate in the impact area relative to the control area in all years except 2022, and 
for all indicator species except Red-necked Stint and Common Greenshank. 

It is anticipated the ponds within the impact area will develop a different assemblage of shorebirds 
than the control area as certain species such as Bar-tailed Godwit, Whimbrel and Grey-tailed Tattler, 
are less likely to benefit from the extensive salt ponds. Bar-tailed Godwit are less likely to use 
saltmarshes when other suitable habitat is present, Whimbrels prefer tidal mudflats, and Grey-tailed 
Tattlers prefer rockier areas (Skeel M. A. & P. 2020; van Gils et al. 2020c; van Gils J. et al. 2020). This 
trend has been recorded in the detection rates of Grey-tailed Tattler and Whimbrel, as they have had 
significantly lower detection rates within the impact area compared to the control area since the 
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pumps were turned on, but not significantly lower overall detection rates. This trend is particularly 
concerning, as it suggests the overall numbers of these species are the same but they may be absent 
from the impact area due to habitat changes. 

Species such as Common Greenshanks are known to frequent saltworks, and other species within the 
same ecological niche may be attracted to the ponds and increase richness within the impact area. 
(van Gils et al. 2020c). The detection rates of Common Greenshanks have not been found to be 
significantly different between impact and control areas in any year to date. In future years, after the 
ponds have finished development, the ratios of relative richness between the impact and control areas 
may change, with one area having higher richness than the other due to differences in species’ habitat 
preference. 

The results to date indicates that Trigger 1 (Table 1-1) has been met for all indicator species except 
Grey-tailed tattler. With only 4 years of monitoring data, it is difficult to determine the exact cause of 
these fluctuations with confidence. However, results suggest that some species may be affected more 
than others by habitat changes caused by the project, resulting in altered distributions across the 
region. 

6.4 OTHER SHOREBIRD SPECIES RECORDED 

Aside from the indicator species, 2025 included record high counts for several other species, including 
the Greater Sand Plover, Lesser Sand Plover, and Sanderling. These species were all recorded in high 
numbers during the ground counts at regional and control sites, suggesting an influx of these species 
to the region this year. However, it is worth noting that the ground count survey methods were 
changed between the 2024 and 2025 surveys. This likely inflated the detection rate of these species 
as the new sites were added in areas that are likely to favour these small visual feeders. Sanderling 
was not recorded during the ground count surveys and was only recorded in the impact area during 
aerial surveys in 2025. 

Eastern Curlew numbers in 2025 were lower than in 2024. Eastern Curlew counts also appeared to be 
generally low across the region when comparing numbers to the ground counts, however as this was 
the first year regional ground counts were systematically conducted, this trend is speculative. 

Great Knot and Grey Plover were detected last year (2024) but not detected this year. Despite the 
absence of Great Knots from the study area, Knot sp. was recorded during the aerial surveys which 
may have included Great Knots that could not be distinguished from Red Knots. 

Grey Plover detections and count data has fluctuated largely over the past few years. They were 
absent during the 2022 surveys and then were recorded in nationally significant numbers (116 during 
one aerial survey) in 2023. Given the absence of the species in the first year of monitoring it is possible 
their site usage is not as consistent as other species. 

Both Great Knots and Grey Plovers have been recorded in lower total counts and number of detections 
for 2 years in a row. As more years of data become available, it should become easier to infer whether 
the species is declining or not with greater confidence. 

High numbers of Oriental Pratincole were also recorded foraging and roosting within the DE this year, 
hitting preliminary trigger 3. Oriental Pratincole appeared to frequently visit the DE in high numbers, 
and were recorded more often and in far larger numbers in the impact area compared to the control 
area. It is likely that this trigger will continue to be hit intermittently in the following years of 
monitoring. Recent comments on the MSMMP from DWER have suggested revising this trigger as it is 
not able to be quantitative. This trigger will likely be revised or removed in future monitoring. 
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7 CONCLUSION 

The 2025 monitoring report marks the first time statistical testing has been undertaken to investigate 
the trends of Migratory shorebird activity within the project and regional areas. The results indicate 
that all 3 preliminary triggers have been met to some degree. However, the ways in which the triggers 
have been met highlight a number issues with the triggers, which should be addressed in the update 
to the MSMMP. 

Firstly, trigger 1 relates to abundance, detection rate and richness. The trigger is considered met if any 
of these 3 metrics are significantly different between impact and control areas. The tests used to 
assess this trigger use each of the 3 metrics in isolation, however it may be more appropriate to select 
just the most appropriate metric to focus on as all 3 are highly correlated with one another. The use 
of all 3 introduces the potential for some metrics to be non-significant, while others are significant 
which creates a level of ambiguity when interpreting the results and determining whether the trigger 
should be considered to have been met. Additionally, the trigger does not specify the time scale in 
which the comparison is to be made. It may be simpler to compare each year’s data to the first year 
of the monitoring program (2022) or just previous year, however neither of these methods account 
for the natural stochasticity of shorebird assemblage between years. 

In this report, we compared data between impact and control areas across all 4 years of monitoring 
data and found that there was a significant difference in shorebird abundance in 2023 only. Given 
there was not a significant difference in 2022 prior to commencement of operations or in the 2 most 
recent years of monitoring (2024 and 2025) we did not consider this trigger met with regards to 
abundance. Species richness on the other hand was found to have significantly declined between 2023 
and 2024 across all sites, and impact sites had significantly lower relative richness than control sites 
in both 2023 and 2024. As such we consider this trigger met with regard to relative richness. This 
implies that while the overall abundance of shorebirds between the 2 site types has remained 
proportionately consistent, the composition has changed and become less diverse across the impact 
area. Detection rate for 5 out of the 6 indicator species also appears to have declined to varying 
degrees across the 4 years of monitoring further solidifying our conclusion that trigger 1 has been met. 

When we attempted to test trigger 2, a different issue emerged. The high proportion of sites with no 
records, and low number of replicates in each treatment type were not conducive to robust analysis 
and the proposed tests would not run. As such, detection rate was replaced with abundance and 
richness to test shorebird utilisation of mudflat and coastal samphire habitats. This functionally 
resulted in repetition of the tests used to assess trigger 1, but with a smaller sample size resulting in a 
much higher signal-to-noise ratio that reduces our confidence in the outputs. As such, trigger 2 should 
be revised following consultation with a biostatistician and amended to include tests that account for 
zero inflated models and potentially the addition of more sites in suitable habitats. 

Overall, both year and site type (control vs impact) appear to influence abundance, species richness 
and detection rates. While no overarching upward or downward trends are evident over time, all three 
metrics show notable year-to-year fluctuations. In general, the impact area records lower abundance, 
richness and detections compared to the control area. These trends seem to be more extreme and 
variable in samphire and mudflats. The results also suggest that individual species may be 
disproportionately affected by habitat changes associated with project related activities, resulting in 
altered distributions across the region. 

Trigger 3 does not have any specific metrics to test and so is not considered an appropriate trigger. 
Hence, it has not been formally assessed and should likely be removed as a trigger and potentially 
added as a measure of success or similar. Large congregations of oriental pratincole were observed 
foraging and roosting in the ponds in 2025, however no specific analysis has been conducted on this 
data. 
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Given that the preliminary triggers have been met, a management response is required as per the 
MSMMP. This will be actioned in the 2026 survey and will involve updating the survey methods to 
better identify the cause/s of the declines. This will include an additional survey to be conducted in 
December 2025, on top of the regular monitoring survey scheduled for January 2026. These responses 
will include additional survey transects to be completed during each sampling event, remapping the 
fauna habitats to reflect the changes caused by the construction of the project, and the addition of 
one or more survey periods during the 2025/2026 to better capture variation in shorebird numbers 
through the season the birds are in the area. 
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Appendix 1 Systematic site locations 

Site name Sample type Latitude* Longitude* 
A01I Aerial Birding -21.0398 115.9873 

A02I Aerial Birding -21.0424 115.9833 

A03I Aerial Birding -21.045 115.9794 

A04I Aerial Birding -21.0477 115.9755 

A05I Aerial Birding -21.0503 115.9716 

A06I Aerial Birding -21.0529 115.9677 

A07I Aerial Birding -21.0555 115.9638 

A08I Aerial Birding -21.0582 115.9599 

A09I Aerial Birding -21.0608 115.9559 

A10I Aerial Birding -21.0634 115.952 

B01I Aerial Birding -21.0775 115.9287 

B02I Aerial Birding -21.0813 115.9261 

B03I Aerial Birding -21.0851 115.9234 

B04I Aerial Birding -21.0889 115.9208 

B05I Aerial Birding -21.0926 115.9182 

B06I Aerial Birding -21.0964 115.9156 

B07I Aerial Birding -21.1002 115.913 

B08I Aerial Birding -21.104 115.9104 

B09I Aerial Birding -21.1078 115.9078 

B10I Aerial Birding -21.1116 115.9051 

C01I Aerial Birding -21.1276 115.9189 

C02I Aerial Birding -21.132 115.9181 

C03I Aerial Birding -21.1365 115.9173 

C04I Aerial Birding -21.1409 115.9165 

C05I Aerial Birding -21.1454 115.9157 

C06I Aerial Birding -21.1498 115.9148 

C07I Aerial Birding -21.1543 115.914 

C08I Aerial Birding -21.1587 115.9132 

C09I Aerial Birding -21.1632 115.9124 

C10I Aerial Birding -21.1676 115.9116 

D01I Aerial Birding -21.1744 115.855 

D02I Aerial Birding -21.1789 115.8542 

D03I Aerial Birding -21.1833 115.8535 

D04I Aerial Birding -21.1878 115.8527 

D05I Aerial Birding -21.1923 115.8519 

D06I Aerial Birding -21.1967 115.8511 

D07I Aerial Birding -21.2012 115.8503 

D08I Aerial Birding -21.2056 115.8495 

D09I Aerial Birding -21.2101 115.8488 

D10I Aerial Birding -21.2145 115.848 

E01I Aerial Birding -21.2651 115.8437 

E02I Aerial Birding -21.2676 115.8397 



Annual Shorebird Monitoring Survey for the Mardie Project 2025 
Prepared for BCI Minerals Pty Ltd    

    

Site name Sample type Latitude* Longitude* 
E03I Aerial Birding -21.27 115.8356 

E04I Aerial Birding -21.2725 115.8316 

E05I Aerial Birding -21.275 115.8276 

E06I Aerial Birding -21.2775 115.8235 

E07I Aerial Birding -21.2799 115.8195 

E08I Aerial Birding -21.2824 115.8155 

E09I Aerial Birding -21.2849 115.8115 

E10I Aerial Birding -21.2874 115.8074 

F01I Aerial Birding -21.2717 115.7724 

F02I Aerial Birding -21.2735 115.768 

F03I Aerial Birding -21.2752 115.7636 

F04I Aerial Birding -21.277 115.7591 

F05I Aerial Birding -21.2788 115.7547 

F06I Aerial Birding -21.2806 115.7503 

F07I Aerial Birding -21.2824 115.7459 

F08I Aerial Birding -21.2842 115.7414 

F09I Aerial Birding -21.286 115.737 

F10I Aerial Birding -21.2878 115.7326 

G01C Aerial Birding -21.2774 115.7145 

G02C Aerial Birding -21.2806 115.711 

G03C Aerial Birding -21.2837 115.7076 

G04C Aerial Birding -21.2869 115.7042 

G05C Aerial Birding -21.2901 115.7007 

G06C Aerial Birding -21.2932 115.6973 

G07C Aerial Birding -21.2964 115.6939 

G08C Aerial Birding -21.2996 115.6904 

G09C Aerial Birding -21.3028 115.687 

G10C Aerial Birding -21.3059 115.6836 

H01C Aerial Birding -21.3216 115.6925 

H02C Aerial Birding -21.3248 115.6891 

H03C Aerial Birding -21.3281 115.6858 

H04C Aerial Birding -21.3313 115.6824 

H05C Aerial Birding -21.3345 115.679 

H06C Aerial Birding -21.3378 115.6756 

H07C Aerial Birding -21.341 115.6723 

H08C Aerial Birding -21.3442 115.6689 

H09C Aerial Birding -21.3474 115.6655 

H10C Aerial Birding -21.3507 115.6622 

I01C Aerial Birding -21.324 115.6492 

I02C Aerial Birding -21.327 115.6456 

I03C Aerial Birding -21.33 115.642 

I04C Aerial Birding -21.333 115.6384 

I05C Aerial Birding -21.336 115.6348 
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Site name Sample type Latitude* Longitude* 
I06C Aerial Birding -21.339 115.6312 

I07C Aerial Birding -21.3419 115.6276 

I08C Aerial Birding -21.3449 115.624 

I09C Aerial Birding -21.3479 115.6204 

I10C Aerial Birding -21.3509 115.6168 

J01C Aerial Birding -21.3528 115.649 

J02C Aerial Birding -21.3558 115.6454 

J03C Aerial Birding -21.3588 115.6419 

J04C Aerial Birding -21.3619 115.6383 

J05C Aerial Birding -21.3649 115.6347 

J06C Aerial Birding -21.3679 115.6311 

J07C Aerial Birding -21.371 115.6276 

J08C Aerial Birding -21.374 115.624 

J09C Aerial Birding -21.377 115.6204 

J10C Aerial Birding -21.3801 115.6168 

K01C Aerial Birding -21.3838 115.6308 

K02C Aerial Birding -21.3868 115.6272 

K03C Aerial Birding -21.3898 115.6236 

K04C Aerial Birding -21.3928 115.6199 

K05C Aerial Birding -21.3958 115.6163 

K06C Aerial Birding -21.3988 115.6127 

K07C Aerial Birding -21.4018 115.6091 

K08C Aerial Birding -21.4048 115.6055 

K09C Aerial Birding -21.4078 115.6019 

K10C Aerial Birding -21.4108 115.5983 

L01C Aerial Birding -21.3831 115.5875 

L02C Aerial Birding -21.3858 115.5836 

L03C Aerial Birding -21.3885 115.5798 

L04C Aerial Birding -21.3912 115.5759 

L05C Aerial Birding -21.3939 115.5721 

L06C Aerial Birding -21.3966 115.5682 

L07C Aerial Birding -21.3993 115.5643 

L08C Aerial Birding -21.402 115.5605 

L09C Aerial Birding -21.4047 115.5566 

L10C Aerial Birding -21.4075 115.5528 

M01C Aerial Birding -21.408 115.585 

M02C Aerial Birding -21.4119 115.5825 

M03C Aerial Birding -21.4157 115.5801 

M04C Aerial Birding -21.4196 115.5776 

M05C Aerial Birding -21.4235 115.5752 

M06C Aerial Birding -21.4274 115.5728 

M07C Aerial Birding -21.4313 115.5703 

M08C Aerial Birding -21.4352 115.5679 
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Site name Sample type Latitude* Longitude* 
M09C Aerial Birding -21.4391 115.5654 

M10C Aerial Birding -21.443 115.563 

N01C Aerial Birding -21.4388 115.5346 

N02C Aerial Birding -21.4425 115.5319 

N03C Aerial Birding -21.4462 115.5291 

N04C Aerial Birding -21.4499 115.5263 

N05C Aerial Birding -21.4536 115.5235 

N06C Aerial Birding -21.4573 115.5207 

N07C Aerial Birding -21.461 115.518 

N08C Aerial Birding -21.4646 115.5152 

N09C Aerial Birding -21.4683 115.5124 

N10C Aerial Birding -21.472 115.5096 

O01C Aerial Birding -21.4642 115.5443 

O02C Aerial Birding -21.4684 115.5427 

O03C Aerial Birding -21.4727 115.5411 

O04C Aerial Birding -21.4769 115.5395 

O05C Aerial Birding -21.4812 115.5378 

O06C Aerial Birding -21.4854 115.5362 

O07C Aerial Birding -21.4897 115.5346 

O08C Aerial Birding -21.4939 115.533 

O09C Aerial Birding -21.4982 115.5313 

O10C Aerial Birding -21.5024 115.5297 

P10I Aerial Birding -21.0852 115.9439 

P09I Aerial Birding -21.0822 115.9476 

P08I Aerial Birding -21.0793 115.9513 

P07I Aerial Birding -21.0764 115.955 

P06I Aerial Birding -21.0734 115.9586 

P05I Aerial Birding -21.0705 115.9623 

P04I Aerial Birding -21.0676 115.966 

P03I Aerial Birding -21.0646 115.9697 

P02I Aerial Birding -21.0617 115.9734 

P01I Aerial Birding -21.0588 115.9771 

Q10I Aerial Birding -21.1121 115.9411 

Q09I Aerial Birding -21.109 115.9446 

Q08I Aerial Birding -21.1059 115.9482 

Q07I Aerial Birding -21.1028 115.9517 

Q06I Aerial Birding -21.0997 115.9553 

Q05I Aerial Birding -21.0966 115.9588 

Q04I Aerial Birding -21.0935 115.9623 

Q03I Aerial Birding -21.0904 115.9659 

Q02I Aerial Birding -21.0873 115.9694 

Q01I Aerial Birding -21.0841 115.973 

R10I Aerial Birding -21.0679 115.9915 
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Site name Sample type Latitude* Longitude* 
R09I Aerial Birding -21.0653 115.9954 

R08I Aerial Birding -21.0626 115.9993 

R07I Aerial Birding -21.06 116.0032 

R06I Aerial Birding -21.0574 116.0071 

R05I Aerial Birding -21.0547 116.0111 

R04I Aerial Birding -21.0521 116.015 

R03I Aerial Birding -21.0495 116.0189 

R02I Aerial Birding -21.0469 116.0228 

R01I Aerial Birding -21.0442 116.0267 
* Sites are 500m x 500m, coordinates are indicative of centre point 
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Appendix 2 Ground-based survey site locations 

Sitename Latitude Longitude 

GC01I Octopus Inlet -21.3806935 115.5882416 

GC02C Shell Beach -21.3104594 115.6797737 

GC03C Mardie Inlet -21.0775667 115.9276313 

GC04R Forty Mile Beach -20.8400987 116.3477222 

GC05I Pump station -21.265242 115.841692 

GC06I Gull Raft -21.278292 115.842905 

GC07R Back Beach -20.7247686 116.8990701 

GC08R Sampson Jetty -20.632001 117.1986236 

GC09I Pratincole Pond -21.19191 115.9211426 

GC10C Fortescue River -21.0000021 116.0988479 

Opp01 -21.380978 115.588405 

Opp02 -20.850156 116.612357 

Opp03 -21.036778 116.030069 

Opp04 -21.41965 115.592557 

Opp05 -21.415168 115.591397 

Opp06 -21.076936 115.927478 

Opp07 -21.089988 115.935088 

Opp08 -21.18286541 115.9079356 

Opp09 -20.8527579 116.3771693 

Opp10 -21.41238 115.551405 

Opp11 -21.282812 115.833772 
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Appendix 3 Total count, number of detections, mean count per detection and number of detections in impact and control transects during aerial surveys of all species 

Taxon 
Detections Mean count per detection 

Number of detections in control 
area 

Number of detections in impact area Total count 

2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 

Asian Gull-billed Tern 
Gelochelidon nilotica (Mig.) 

41 9 25 24 4 13 6 2 25   19 8 16 9 6 16 175 117 161 59 

Australian Gull-billed Tern 
Gelochelidon macrotarsa 

3       2       3               5       

Australian Kestrel 
Falco cenchroides 

  11 14 5   1 1 1   2 13 2   9 1 3   15 14 5 

Australian Pelican 
Pelecanus conspicillatus 

2 6 1   8 3 1     1 1   2 5     16 16 1   

Australian Pipit 
Anthus australis 

  5       1       2       3       7     

Australian Pratincole 
Stiltia isabella 

  1       3       1               3     

Australian White Ibis 
Threskiornis molucca 

1   2   1   5       1   1   1   1   9   

Bar-tailed Godwit 
Limosa lapponica (Mig.) 

20 39 2 4 23 10 12 19 17 28 1 3 3 11 1 1 457 394 24 77 

Beach Stone-curlew 
Esacus magnirostris 

3 11 6   1 2 1     4     3 7 6   4 20 6   

Black Kite 
Milvus migrans 

    1       1       1               1   

Black-faced Cuckoo-shrike 
Coracina novaehollandiae 

  1       1               1       1     

Black-faced Woodswallow 
Artamus cinereus 

  2       1       1       1       2     

Black-fronted Dotterel 
Elseyornis melanops 

  4       2       4               9     

Black-shouldered kite 
Elanus axillaris 

  2 1 3   1 1 1     1 1   2   2   2 1 4 

Black-tailed Godwit 
Limosa limosa (Mig.) 

  2       1       1       1       2     

Black-winged Stilt 
Himantopus himantopus 

  1 1 2   1 3 4     1     1   2   1 3 8 

Brahminy Kite 
Haliastur indus 

5 1 4 2 1 1 1 1 4 1 4 1 1     1 5 1 4 2 

Bridled Tern 
Onychoprion anaethetus (Mig.) 

1       40       1               40       

Brown Falcon 
Falco berigora 

    1 1     1 3     1         1     1 3 

Brown Quail 
Coturnix ypsilophora 

  1       2       1               2     

Brown Songlark 
Megalurus cruralis 

  1       1               1       1     

Budgerigar 
Melopsittacus undulatus 

  3       35       2       1       105     

Caspian Tern 
Hydroprogne caspia (Mig.) 

27 67 30 31 3 5 3 7 12 21 20 10 15 46 10 21 78 351 85 206 

Cat 
Felis catus 

  5       1       2       3       6     

Cattle Egret 
Ardea ibis 

      1       1       1               1 

Common Greenshank 
Tringa nebularia (EN/Mig.) 

54 73 61 17 2 4 3 2 35 46 33 9 19 27 28 8 98 319 176 29 

Common Sandpiper 
Actitis hypoleucos (Mig.) 

50 179 48 15 1 2 1 1 31 110 30 9 19 69 18 6 73 276 59 15 
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Taxon 
Detections Mean count per detection 

Number of detections in control 
area 

Number of detections in impact area Total count 

2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 

Common Tern 
Sterna hirundo (Mig.) 

2 114 47 11 7 15 4 5 2 40 31 5   74 16 6 13 1,683 198 51 

Crested Tern 
Sterna bergii (Mig.) 

14 20 9 43 6 4 4 14 3 6 4 15 11 14 5 28 79 79 33 589 

Eastern Curlew 
Numenius madagascariensis (CR/Mig.) 

38 38 25 21 1 2 8 1 29 30 21 14 9 8 4 7 55 69 211 27 

Eastern Reef Egret 
Ardea sacra 

19 6 8 3 1 1 1 1 8 5 6 3 11 1 2   21 6 8 3 

Great Egret 
Ardea modesta 

      7       1       5       2       7 

Great Knot 
Calidris tenuirostris (VU/Mig. EPBC Act; CR BC Act) 

  13 1     2 20     8       5 1     32 20   

Greater Sand Plover 
Anarhynchus leschenaultii (VU/Mig.) 

3 18   6 1 8   12 3 5   1   13   5 3 152   73 

Grey Plover 
Pluvialis squatarola (VU/Mig.) 

  25 4     7 2     13 3     12 1     170 9   

Grey Teal 
Anas gracilis 

1   1 4 2   1 5 1   1 1       3 2   1 18 

Grey-tailed Tattler 
Tringa brevipes (P4/Mig.) 

217 215 112 153 6 9 18 4 123 131 77 107 94 84 35 46 1,207 1,918 2,033 629 

Knot species 
Calidris sp. (CR/EN/Mig.) 

6 34 18 4 7 13 12 2 5 22 10 2 1 12 8 2 43 458 216 8 

Lesser Crested 
Tern Sterna bengalensis 

      7       7               7       51 

Lesser Sand Plover 
Charadrius mongolus (EN/Mig.) 

  2   4   2   14   2           4   3   56 

Little Button-quail 
Turnix velox 

2       3       2               5       

Little Egret 
Ardea garzetta 

11 21 29 1 2 3 1 1 6 8 17 1 5 13 12   18 61 38 1 

Little Tern 
Sternula albifrons (Mig.) 

9 39 25 68 13 9 4 8 7 19 12 27 2 20 13 41 120 354 97 538 

Little Woodswallow 
Artamus minor 

  1       1       1               1     

Oriental Pratincole 
Glareola maldivarum (Mig.) 

10 118   178 2,931 3,258   354 3 63   70 7 55   108 29,312 384,432   62,980 

Osprey 
Pandion cristatus (Mig.) 

6 10 7 1 1 1 1 1 4 5 4   2 5 3 1 7 10 7 1 

Pacific Golden Plover 
Pluvialis fulva (Mig.) 

  4       7       3       1       29     

Pied Oystercatcher 
Haematopus longirostris 

21 24 23 8 4 17 7 11 1 3 6   20 21 17 8 93 409 152 84 

Red Fox 
Vulpes vulpes 

1   1   1   2   1   1           1   2   

Red Knot 
Calidris canutus (EN/Mig.) 

  2       2       2               4     

Red-capped Plover 
Anarhynchus ruficapillus 

43 35 8 4 4 10 32 9 32 24 7   11 11 1 4 183 365 252 34 

Red-necked Avocet 
Recurvirostra novaehollandiae 

      2       2               2       3 

Red-necked Stint 
Calidris ruficollis (Mig.) 

11 47 1   15 10 30   8 20 1   3 27     164 479 30   

Roseate Tern 
Sterna dougallii (Mig.) 

2 5 1   23 13 1   2 2 1     3     45 63 1   

Royal Spoonbill 
Platalea regia 

      1       2       1               2 
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Taxon 
Detections Mean count per detection 

Number of detections in control 
area 

Number of detections in impact area Total count 

2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 2022 2023 2024 2025 

Ruddy Turnstone 
Arenaria interpres (VU/Mig.) 

77 11 9 14 5 2 8 5 35 7 5 4 42 4 4 10 349 25 76 67 

Sacred Kingfisher 
Todiramphus sanctus 

1 7     1 1       5     1 2     1 7     

Sand Plover sp. 
Charadrius sp. (EN/VU/Mig.) 

112 299 123 334 3 15 30 18 74 166 77 155 38 133 46 179 343 4,421 3,690 5,885 

Sanderling 
Calidris alba (Mig.) 

  7   1   5   10   2       5   1   37   10 

Sharp-tailed Sandpiper 
Calidris acuminata (Mig.) 

  36       7       16       20       235     

Silver Gull 
Chroicocephalus novaehollandiae 

82 187 126 112 3 5 3 9 51 101 84 52 31 86 42 60 255 974 363 1,016 

Singing Honeyeater 
Lichenostomus virescens 

  4       1       4               4     

Sooty Oystercatcher 
Haematopus fuliginosus 

15 20 17 11 3 3 2 2 2 6 5 2 13 14 12 9 52 66 42 24 

Spotted Harrier 
Circus assimilis 

    3 1     1 1     2 1     1       3 1 

Striated Heron 
Butorides striata 

10 13 2 13 1 1 1 1 7 9 1 9 3 4 1 4 10 13 2 15 

Swamp Harrier 
Circus approximans 

  1 2     1 1       1     1 1     1 2   

Terek Sandpiper 
Xenus cinereus (Mig.) 

6 25 4 1 4 5 2 2 3 12 3   3 13 1 1 25 128 8 2 

Tree Martin 
Hirundo nigricans 

  1       1               1       1     

Wedge-tailed Eagle 
Aquila audax 

  1 2     1 1             1 2     1 2   

Welcome Swallow 
Hirundo neoxena 

  1       1       1               1     

Whimbrel 
Numenius phaeopus (Mig.) 

137 200 98 144 2 3 4 3 88 127 62 90 49 73 36 54 275 509 395 422 

Whiskered Tern 
Chlidonias hybrida 

5 7 21 19 5 28 4 13 5 3 11 4   4 10 15 24 193 81 241 

White-bellied Sea-Eagle 
Haliaeetus leucogaster 

3 5 12   1 1 1   3 4 8     1 4   3 5 13   

White-breasted Woodswallow 
Artamus leucorynchus 

  14       2       10       4       23     

White-faced Heron 
Ardea novaehollandiae 

7 14 27   1 1 1   2 9 19   5 5 8   8 15 29   

White-winged Black Tern 
Chlidonias leucopterus (Mig.) 

4       8               4       31       



  

 

 




