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Green nesting activity occurred on Sholl, Round, Long and Middle Passage islands in low numbers. 
Nesting success was 33.3% for FS1, 25% for FS2 and 67% for FS3. No green turtle nests were marked 
for excavation.  

When compared to the routinely monitored islands, nesting activity on the mainland coast was minor. 
A total of 13 flatback and one green turtle tracks were recorded at mainland beaches across all 
surveys, with one of the flatback tracks being a nesting attempt. Nesting success for flatback turtles 
on the mainland beaches was 0% for all surveys.  

Excavation of marked and opportunistic clutches in FS2 and FS3 indicated the mean flatback turtle 
clutch size across all islands was 50 ± 6 eggs (n = 11). Mean hatch success for all flatback nests was 
81% ± 22.1 (n=11).  

Mean hawksbill turtle clutch size was 98 ± 25 eggs (n = 9), and the mean hatch success of nests was 
79% ± 13.2 (n = 6). This hatch success does not include the results of three nests that were inundated 
during the incubation period, with the mean hatch success of inundated nests being <1% (n = 3).  

Temperature data retrieved from marked nests indicated the mean incubation period for flatback 
clutches was 48 days (n = 6) and for hawksbill clutches was 50 days (n = 2). Flatback nests had a mean 
daily temperature of 31.0°C over the incubation period, and 30.5°C over the thermosensitive period 
(middle trimester of incubation), which lasted 16 days on average. The incubation environment for 
hawksbill nests was similar, with a mean temperature of 31.5°C over the incubation period, and 30.9°C 
over the thermosensitive period, which lasted 18 days on average.  

From the 49 hatchling fans analysed in the 2023/24 season, marine turtle hatchlings successfully 
oriented seaward, regardless of the visibility of light sources. When this data was compared with 
baseline data from 2021/22, there was one trigger level spread angle exceedance for Sholl Island West, 
which was not considered to be due to any artificial light emissions within the Mardie region as there 
were no new light sources on the horizon and the hatchling sample size for this location was low (n=8). 
This result suggests that the trigger limits for this metric are too low. This is likely due to the relatively 
small benchmark data sample sizes not capturing the variance typically found in biological datasets. 
All other locations were below exceedance criteria, which was also the case for offset angle metrics 
analysis. 

Artificial light data indicated the night skies at the monitoring locations were representative of an ideal 
natural dark night sky. The brightest light sources from the mainland were the Sino Iron ore mine and 
the port at Cape Preston. Mardie Village was a new source of light in 2021/22 which is visible from 
monitoring locations on Long and Sholl islands. 

The 2023/24 Marine Turtle Monitoring Program collected census data of marine turtle nesting and 
hatching activity in the Mardie region, to meet the state and federal environmental approval 
conditions of the Mardie Project. The data collected during this season during the ongoing 
construction and operational stages of the Mardie Project has been compared with baseline data 
provided in the Marine Turtle Monitoring Plan (2023), to ensure artificial light emissions from the 
Project site are not having an impact on adult nesting, or hatchling sea-finding behaviours. The data 
collected in the 2023/24 season for the Marine Turtle Monitoring Program suggests that the Mardie 
Project operational light emissions are not having an impact upon turtle nesting behaviour or hatchling 
orientation behaviour at the beaches monitored.  



BCI Minerals Ltd. 
Mardie Salt Project: Marine Turtle Monitoring Program 2023/24 

v | P a g e 

TABLE OF CONTENTS 

1 INTRODUCTION ............................................................................................................................. 1 
1.1 Project Background ............................................................................................................. 1 

1.2 Scope of Works and Objectives ........................................................................................... 2 

2 METHODS...................................................................................................................................... 2 
2.1 Survey Location and schedule ............................................................................................. 2 

2.2 Work Scopes ........................................................................................................................ 5 

2.2.1 Work Program ................................................................................................................. 5 

2.2.2 Nesting Habitat: Track Census ......................................................................................... 5 

2.2.3 Nesting Habitat: Incubation Success ............................................................................... 6 

2.2.4 Hatchling Orientation ...................................................................................................... 6 

2.2.1 Artificial Light Monitoring................................................................................................ 7 

2.3 Data Analysis ....................................................................................................................... 8 

2.3.1 Nesting Habitat: Track Census ......................................................................................... 8 

2.3.2 Nesting Habitat: Incubation Success ............................................................................... 8 

2.3.3 Hatchling Orientation ...................................................................................................... 9 

2.3.4 Artificial Light Monitoring................................................................................................ 9 

3 RESULTS ...................................................................................................................................... 11 
3.1 Nesting Habitat: Characteristics ........................................................................................ 11 

3.2 Nesting Habitat: Track Census ........................................................................................... 12 

3.2.1 Abundance and Distribution: Routine Monitoring Island Beaches ................................ 12 

3.2.2 Nesting Success: Routine Monitoring Island Beaches ................................................... 15 

3.2.3 Abundance and Distribution: Mainland Beaches .......................................................... 18 

3.2.4 Nesting Success: Mainland Beaches .............................................................................. 18 

3.2.5 Abundance and Distribution: Opportunistically Monitored Island Beaches .................. 20 

3.3 Nesting Habitat: Incubation Success .................................................................................. 23 

3.3.1 Clutch Fate .................................................................................................................... 23 

3.3.2 Clutch Size ..................................................................................................................... 26 





BCI Minerals Ltd. 
Mardie Salt Project: Marine Turtle Monitoring Program 2023/24 

vii | P a g e 

Table 8: Incubation period statistics from marked flatback and hawksbill turtle clutches.. ............... 29 

Table 9: Summary statistics for routinely surveyed locations.. ........................................................... 30 

Table 10: Summary statistics for opportunistically surveyed locations. ............................................. 31 

Table 11: Benchmark hatchling orientation spread angle statistics, trigger and threshold criteria.. .. 31 

Table 12: Benchmark hatchling orientation offset angle statistics, trigger and threshold criteria...... 31 

Table 13: Median sky brightness for whole-of-sky, horizon and zenith captured at light monitoring 
locations during the 2023-2024 season. ............................................................................................. 36 

Table 14: Change in whole-of-sky brightness observed from 2021/22 to 2023/24 at the light 
monitoring locations. .......................................................................................................................... 37 

Table 15: Change in visible light sources observed from 2021/22 to 2023/24 at the light monitoring 
locations. ............................................................................................................................................ 37 

LIST OF FIGURES 
Figure 1: Monitoring locations for 2023/24. ......................................................................................... 4 

Figure 2: Hatchling orientation indices measured from the emergence point identified as the nest 
cone.. .................................................................................................................................................... 7 

Figure 3: Example of nesting habitat on Passage Island (top) and Angle Island (bottom). ................. 11 

Figure 4: Example of nesting habitat on the mainland, Mardie, Western Australia. .......................... 12 

Figure 5: Marine turtle nesting activity during Field Survey 1 (top), Field Survey 2 (middle) and Field 
Survey 3 (bottom). .............................................................................................................................. 14 

Figure 6: All marine turtle nests recorded during the monitoring period at Sholl, Round and Long 
islands. ................................................................................................................................................ 16 

Figure 7: All marine turtle nests recorded during the monitoring period at Middle Passage, Angle and 
Passage islands. .................................................................................................................................. 17 

Figure 8: All marine turtle nesting activity recorded along the mainland coast during the monitoring 
period. ................................................................................................................................................ 19 

Figure 9: Marine turtle nesting activity recorded opportunistically on Stewart, Fortescue, Mardie and 
South Passage islands during the monitoring period. ......................................................................... 22 

Figure 10: Location and fate of marked clutches at Sholl and Long islands. ....................................... 25 

Figure 11: Daily rainfall and air temperature recorded at Mardie, Western Australia, between 
16th October 2023 and 19th February 2024. ........................................................................................ 28 

Figure 12: Control logger temperature profiles during the overall incubation period of marked 
clutches. .............................................................................................................................................. 28 



BCI Minerals Ltd. 
Mardie Salt Project: Marine Turtle Monitoring Program 2023/24 

viii | P a g e 

Figure 13: Nest fan spread and offset angles at Sholl Island. .............................................................. 32 

Figure 14: Nest fan spread and offset angles at Long Island. .............................................................. 33 

Figure 15: Artificial light and infra-red sources within the Optimised Mardie Project Area and 
surrounding region, as detected by satellite.. ..................................................................................... 35 

 
LIST OF APPENDICES 

Appendix A: Approval Conditions for marine turtles under Ministerial Statement No. 1175 and 1211; 
EPBC2018/8236 and EPBC2022/9169 relevant to this scope of work 

Appendix B: Field Survey Schedule 

Appendix C: Track Census 

Appendix D: Artificial Light Monitoring Report 2023/24 

 

  



BCI Minerals Ltd. 
Mardie Salt Project: Marine Turtle Monitoring Program 2023/24 

ix | P a g e 

GLOSSARY 

Term Definition 

False crawl 
When a female turtle crawls onto the beach and makes no digging 
attempt and then returns to the ocean without laying. 

Hatch success The percentage of eggs in a clutch that produce live hatchlings. 

Emergence success 
The percentage of eggs in a clutch that produce live hatchlings that leave 
the nest chamber. 

Incubation period 
The duration between the date a clutch was laid and the date a clutch 
hatched.  

Nester abundance 

Determined through successful nest counts over one complete 
inter-nesting period at the peak of the nesting season. Represents an 
estimation of the total number of females nesting at a particular beach 
for the season.  

Nesting activity May be a false crawl, nesting attempt, or nest.  

Nesting attempt 
When a female turtle crawls onto the beach and attempts to lay a clutch 
of eggs by digging a nest, or part thereof, but not actually depositing 
eggs.  

Nesting success 
The number of successful nests as a percentage of the total number of 
overnight tracks. 

Thermal tolerance range 
The range of suitable temperatures for marine turtle incubation, outside 
of which embryo development is impaired. 

Thermosensitive period 
The middle trimester of development that determines the sex ratio of a 
clutch.  

Track census 
The process of identifying marine turtle tracks and classifying the turtle 
species and nesting activity. 
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Figure 1: Monitoring locations for 2023/24. 
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3 RESULTS 

3.1 Nesting Habitat: Characteristics 

Islands monitored during the field program predominantly occur in a north-south orientated island 
chain off the coast of Mardie, and all share similar morphologic features (Figure 1). They typically 
feature a dynamic sand spit on the southern or south-eastern extent, a moderately wide and sloped 
intertidal zone, a wide supratidal zone, and vegetated dunes adjacent to sandy nesting habitat 
(Figure 3).  

Mainland beaches, including those to the east and west of Mardie Creek, are long and low energy 
beaches with broad and shallow intertidal zones, narrow supratidal zones, and permanently vegetated 
dunes set back from the beach (Figure 4). Sections of the mainland coast are occupied by extensive 
mangrove forests, such as stretches to the west of Mardie Creek and at creek mouths. Beach sediment 
is typically dark brown or red in colour, and ranges in composition from stones and gravel to medium-
coarse sand. 

 

 

Figure 3: Example of nesting habitat on Passage Island (top) and Angle Island (bottom). 

Passage Island 

Angle Island 
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Figure 4: Example of nesting habitat on the mainland, Mardie, Western Australia. 

3.2 Nesting Habitat: Track Census 

3.2.1 Abundance and Distribution: Routine Monitoring Island Beaches 

3.2.1.1 Field Survey 1 

The overnight track census survey at Long, Sholl and the mainland recorded a total of 58 marine turtle 
tracks. Of these tracks, 40 were flatback turtle tracks (69 %), 2 (3.4 %) were green turtle tracks and the 
remainder were hawksbill turtle tracks (n = 16, 27.6 %) (Figure 5).  

Half of these tracks (n=29 out of 58) were associated with nests, with the remaining 29 tracks 
consisting of unsuccessful nesting attempts or false crawls (i.e., a U-turn with no attempt to dig a nest). 
Ten nests were hawksbill turtle nests, 1 was a green turtle nest and the remaining 18 nests were from 
flatback turtles. Of these 29 nests, 15 were marked for excavation during subsequent surveys in the 
2023/24 season.  

Most tracks were recorded on offshore islands (n = 55 tracks) with only limited activity recorded on 
the mainland (n = 3 tracks) (Appendix C). The three tracks on the mainland were assigned to flatback 
turtles and were all unsuccessful nesting attempts.  

The track census surveys at Mardie, Fortescue, Solitary, South Passage, Passage, Round, Angle and 
Middle Passage Islands recorded 21 marine turtle tracks (Error! Reference source not found.). Of 
these, 19 were flatback tracks, 1 was a hawksbill turtle track and the remaining track was from a green 
turtle. Most (76 %) of these tracks were recorded on Round (n=7 tracks) and Angle (n=9 tracks) islands.  

3.2.1.2 Field Survey 2 

The overnight track census survey at Long, Sholl and the mainland recorded a total of 658 marine 
turtle tracks. Of these tracks, 630 were flatback turtle tracks (95.7 %), 4 (0.6 %) were green turtle 
tracks, 23 (3.3 %) were hawksbill turtle tracks and there was one unknown track (Figure 5, Appendix 
C).  

One hundred and five of these tracks (15.9%) were associated with nests, with the remaining 553 
tracks consisting of unsuccessful nesting attempts or false crawls (i.e., a U-turn with no attempt to dig 
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a nest). Three nests (3%) were hawksbill turtle nests, 1 was a green turtle nest (0.9%) and the 
remaining 101 (96%) nests were from flatback turtles. Of these 105 nests, 4 were marked for 
excavation during subsequent surveys in the 2023/24 season.  

Most tracks were recorded on offshore islands (n = 747 tracks) with only limited activity was recorded 
on the mainland (n = 9 tracks) (Appendix C). The nine tracks on the mainland were assigned to flatback 
turtles with one of these being a nest attempt.  

The track census surveys at Mardie, Fortescue, South Passage, Passage, Round, Angle and Middle 
Passage Islands recorded 98 marine turtle tracks (Figure 5). Of these, 86 were flatback tracks, 6 were 
hawksbill turtle tracks and the remaining six tracks could not be identified. Most (74 %) of these tracks 
were recorded on Angle (n=32 tracks), Round (n=23 tracks) and Middle Passage (n=19) islands.  

3.2.1.3 Field Survey 3 

The overnight track census survey at Long, Sholl and the mainland recorded a total of 40 marine turtle 
tracks. Of these tracks, 33 were flatback turtle tracks (82.5 %), two (5 %) were green turtle tracks, one 
(2.5 %) hawksbill turtle track and four unknown tracks (10 %) (Figure 5, Appendix C).  

Six of these tracks (15 %) were associated with nests, with the remaining 34 tracks consisting of 
unsuccessful nesting attempts or false crawls (i.e., a U-turn with no attempt to dig a nest). Four nests 
were flatback nests (66.6 %) and two were green turtle nests (33.3 %).  

Most tracks were recorded on offshore islands (n = 37 tracks) with only limited activity recorded on 
the mainland (n = 3 tracks) (Appendix C). The three tracks on the mainland were assigned to flatback 
(n = 1), green (n = 1) and an unknown (n = 1). All mainland turtle tracks were classified as false crawls.  

The track census surveys at Mardie, Fortescue, South Passage, Passage, Round, Angle and Middle 
Passage Islands recorded nine marine turtle tracks (Appendix C). Of these, four were flatback tracks, 
two were hawksbill turtle tracks, two were green tracks and one could not be identified. Most (55.6%) 
of these tracks were recorded on Middle Passage (n = 5 tracks), Round (n = 2 tracks), Angle (n = 1 track) 
and South Passage (n = 1 track) islands. 

Two stranded dead adult green turtles were observed washed up on the mainland, neither exhibited 
any evidence of boat strike or propellor damage.  Another dead turtle (unknown species) was also 
observed at Mardie Island.  

Overnight nests recorded at each routinely monitored island across all surveys are displayed in Figure 
6 and Figure 7. Survey effort was focussed on the southern and eastern beaches of each island, where 
the beaches were typically wide and sandy, based on nesting activity during baseline monitoring 
(Pendoley 2023). 
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Figure 5: Marine turtle nesting activity during Field Survey 1 (top), Field Survey 2 (middle) and Field 
Survey 3 (bottom). Note y-axis scales are different.  
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Figure 6: All marine turtle nests recorded during the monitoring period at Sholl, Round and Long islands. 
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Figure 7: All marine turtle nests recorded during the monitoring period at Middle Passage, Angle and Passage islands. 
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3.2.3 Abundance and Distribution: Mainland Beaches 

Mainland beaches were accessed via helicopter and surveyed on-foot during each field survey. The 
helicopter survey covered ~10 km of coastline to the east and west of Mardie Creek, although ~7 km 
of the surveyed coastline to the west of Mardie Creek was occupied by mangrove forests and vast 
intertidal flats (i.e. not suitable for turtle nesting)(Figure 8). Both east and west transects were 
surveyed daily during FS1, FS2 and FS3 to record overnight tracks (Appendix B). 

The total number of tracks recorded at mainland beaches are provided in Table 4. A total of 13 flatback 
tracks (including one nest in FS2) and one green turtle track were recorded at mainland beaches across 
all surveys.  

Table 4: Marine turtle nesting activity on mainland beaches during the monitoring period. MCE = 
Mardie Creek East, MCW = Mardie Creek West, FS = Field Survey. 

Survey Species 
Nesting Activity 

Total 
Nest Attempt False Crawl 

FS1 Flatback 0 
1 (MCE) 
2 (MCW) 

0 3 

FS2  Flatback 1 (MCW) 
2 (MCE) 
5 (MCW) 

1 (MCW) 9 

FS3  
Flatback 0 0 1 (MCE) 1 
Green 0 0 1 (MCE) 1 

3.2.4 Nesting Success: Mainland Beaches 

Nesting success for flatback and green turtles on mainland beaches was 7.7% and 0%, respectively, 
for all surveys combined (Appendix C). Hawksbill turtles did not use the mainland beaches as nesting 
habitat during any of the field surveys. Green turtles had not been recorded crawling ashore   on the 
mainland in previous baseline surveys (Appendix C). 
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Figure 8: All marine turtle nesting activity recorded along the mainland coast during the monitoring period. 
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Table 5: Marine turtle nesting activity recorded during opportunistic surveys of Stewart, Fortescue, 
Mardie, Passage and South Passage islands across all field surveys in 2023/24. Baseline data from 
2022/23 has been included for comparison.  

Island Nesting Activity 
Marine Turtle Species  

Total Flatback Hawksbill Unknown 
21/22 23/24 21/22 23/24 21/22 23/24 21/22 23/24 

Fortescue 
Nests 0 1 1 0 0 0 1 1 
False crawls 0 0 1 1 0 0 1 1 
Attempts 0 2 8 1 3 0 11 3 

Stewart 
Nests 1 0 3 0 1 0 5 0 
False crawls 0 3 0 0 0 0 0 3 
Attempts 0 3 7 0 0 0 7 3 

Mardie 
Nests 0 0 1 0 0 0 1 0 
False crawls 0 0 4 0 0 0 4 0 
Attempts 0 0 2 0 0 0 2 0 

Passage 
Nests NA 1 NA 0 NA 0 NA 1 
False crawls NA 0 NA 0 NA 0 NA 0 
Attempts NA 9 NA 0 NA 0 NA 9 

South Passage 
Nests 0 4 2 0 0 0 2 4 
False crawls 0 1 0 0 0 0 0 1 
Attempts 0 3 1 0 1 0 2 3 
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Figure 9: Marine turtle nesting activity recorded opportunistically on Stewart, Fortescue, Mardie 
and South Passage islands during the monitoring period. 
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Table 6: Clutch fate of all marked and opportunistic nests on Sholl and Long islands. 

Location Species 
Nest 
number 

Distance to 
spring high 
tide line (m) 

Clutch fate 
Logger 
recovered? 

Temperature 
analysis? 

Sholl Island 

Flatback 

1 9 Complete Yes Yes 
2 1 Inundated Yes No 
8 11 Disturbed Yes No 
9 10 Complete Yes Yes 
10 9 Disturbed Yes No 
13 5 Complete Yes Yes 

Opp 2 16.2 Complete NA NA 

Hawksbill 

3 1 Disturbed Yes No 
4 1 Complete Yes Yes 
5 2 Complete   Yes No 
6 0 Inundated Yes No 
7 0 Inundated Yes No 

Opp 3 16 Complete NA NA 

Long Island 
Flatback 

1 7 Complete Yes Yes 
2 1 Complete Yes Yes 
3 2 Inundated Yes No 
4 1 Disturbed Yes No 
6 1 Lost No No 
7  Complete Yes Yes 
8 5 Lost Yes No 

Hawksbill 
5 1 Inundated Yes No 

Opp 1 8 Complete NA NA 
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Figure 10: Location and fate of marked clutches at Sholl and Long islands. No clutches were marked 
on the mainland. 
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Table 10: Summary statistics for opportunistically surveyed locations.  

Statistic 

Location 

Round 
Island 

Middle 
Passage 
Island 

Angle 
Island 

Mardie 
Island 

South 
Passage 
Island 

Stewart 
Island 

Fortescue 
Island All 

n 1 0 3 0 1 2 0 7 

Spread 
Angle 

(°) 

Mean 94 - 54.7 - 50 45.0 - 56.9 
St. Dev - - 5.8 - - 18.4 - 18.8 

Min 94 - 48 - 50 32 - 32 
Max 94 - 58 - 50 58 - 94 

Offset 
Angle 

(°) 

Mean 1 - 3.7 - 4 18.0 - 7.4 
St. Dev - - 3.5 - - 12.7 - 9.2 

Min 1 - 0 - 4 9 - 0 
Max 1 - 7 - 4 27 - 27 

 
Table 11: Benchmark hatchling orientation spread angle statistics, trigger and threshold criteria. 
Benchmark data are from the Mardie Salt Project: Marine Turtle Monitoring Program (Pendoley Environmental 2023). Trigger 
and threshold criteria are based on baseline mean + 2*StDev and baseline mean + 3*StDev, respectively. 

Location 
Spread Angle (°) 

Statistic Criteria 
n Mean StDev Trigger Threshold 

Sholl Island (East) 22 60.7 18.0 96.6 102.0 
Sholl Island (West) 8 45.0 8.9 62.8 98.9 

Long Island 37 52.8 16.7 86.3 91.7 
All 67 54.4 17.0 88.5 92.0 

 

Table 12: Benchmark hatchling orientation offset angle statistics, trigger and threshold criteria. 
Benchmark data are from the Mardie Salt Project: Marine Turtle Monitoring Program (Pendoley Environmental 2023). Trigger 
and threshold criteria are based on baseline mean + 2*StDev and baseline mean + 3*StDev, respectively. 

Location 
Offset Angle (°) 

Statistic Criteria 
n Mean StDev Trigger Threshold 

Sholl Island (East) 22 8.8 6.2 21.3 27.5 
Sholl Island (West) 8 4.9 5.5 15.9 21.3 

Long Island 37 8.7 6.8 22.4 29.2 
All 67 8.3 6.5 21.3 27.9 
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Figure 13: Nest fan spread and offset angles at Sholl Island. 
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Figure 14: Nest fan spread and offset angles at Long Island.
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Figure 15: Artificial light and infra-red sources within the Optimised Mardie Project Area 
and surrounding region, as detected by satellite. Red triangles indicate light monitoring 
locations. Source: VIIRS 2023 Satellite Data (www.lightpollutionmap.info). 
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3.5.2 Night-time Light Emissions 

Measured whole-of-sky (WOS) brightness was darkest at Sholl Island West (21.53 Vmag/arcsec2) 
followed by Middle Passage Island (21.42 Vmag/arcsec2) (Table 13 and Appendix D). The brightest 
WOS sky brightness value was captured at Sholl Island East (21.08 Vmag/arcsec2) monitoring location. 
The brightest light source visible from all locations was the Sino Iron development, visible in an 
easterly to south-easterly direction (Figures 3-8 in Appendix D).  

Substantial horizon shielding from dunes/vegetation was observed from both Mardie Creek East and 
Mardie Creek West. Project associated light visible in the processed images included Mardie Village 
which was observed as a distinct source of light from all monitoring locations except Mardie Creek 
East, which was shielded by vegetation. 

Zenith brightness was dark at all survey locations and followed a similar trend to WOS results with 
Sholl Island West and Middle Passage Island recording the darkest values (21.83 and 21.92 
Vmag/arcsec2 respectively, Table 13), while Mardie Creek West recorded the brightest zenith (21.46 
Vmag/arcsec2). 

Table 13: Median sky brightness for whole-of-sky, horizon and zenith captured at light monitoring 
locations during the 2023-2024 season. 

Monitoring location 
Sky Brightness (Vmag/arcsec2) 

Whole-of-Sky Horizon Zenith 
Mardie Creek East  21.22 21.18 21.53 
Mardie Creek West 21.3 21.39 21.46 
Long Island 21.36 21.27 21.71 
Sholl Island West 21.53 21.49 21.83 
Sholl Island East 21.08 20.94 21.5 
Middle Passage Island 21.42 21.24 21.92 

 
 

3.5.3 Historical Sky Brightness 

The Mardie Salt Project: Marine Turtle Monitoring Program (Pendoley 2023) requires that the results 
from offshore islands (2021/22) and the mainland (2022/23) form a baseline dataset for yearly data 
to be compared to throughout the monitoring program. Table 14 shows the change in whole-of-sky 
brightness observed over the last three years of monitoring, where data is available. It should be noted 
that the positioning of stars, atmospheric conditions and other natural phenomena may cause 
variance in sky brightness from year to year, and therefore small changes in sky brightness are 
expected. The monitoring locations continue to have whole of sky brightness values that are indicative 
of an ideal night sky (outlined in Table 2). 
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3.6.1 Night-time Light Emissions and Hatchling Orientation Indices 

The comparison of visible light sources recorded in the 2023/24 season with benchmark data from the 
Mardie Salt Project: Marine Turtle Monitoring program (Pendoley Environmental 2023) reveals that 
there are no new detectable light sources from any of the locations monitored (Table 15). When 
compared with benchmark data, the hatchling orientation data from Sholl and Long islands in the 
2023/24 season had offset angle metrics below exceedance criteria across all locations, however a 
trigger level spread angle exceedance was identified for Sholl Island West (Table 12). The low sample 
size at this location (n=8) may be a contributing factor for the exceedence, as it is unlikely to be due 
to an increase in artificial light sources as no new light sources were identified. This was the first season 
that light has been monitored at Sholl Island West, so it will be useful to continue to monitor light at 
this location in the next season.  
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4.1.2 Nesting Success  

Overall, marine turtle nesting success for all species on routinely monitored islands and the mainland 
coast was lower for all field surveys than recorded in 2019 and 2021/22. The exception to this was for 
Hawksbill turtles on offshore islands in FS1. This is likely due to the natural variation in this metric 
between seasons, which can be influenced by environmental variation in rainfall and temperature 
affecting the nesting beach sand profile and the ability of turtles to make a nest. 

4.2 Nesting Habitat: Incubation Success 

Similar to the baseline data (Pendoley Environmental 2023) collected for incubation success, nest 
marking indicated that a large number of nests could be impacted and lost due to the highly dynamic 
morphology of offshore islands. Several marked nests were inundated during spring high tides and 
these resulted in low hatch success rates.  

Of the 11 excavated flatback clutches that were not inundated (marked and opportunistic nests), the 
mean clutch size was 50 eggs, which was comparable to both the 2018/19 and 2021/22 seasons (mean 
of 52 and 48 eggs, respectively; Pendoley Environmental 2019; 2023), and similar to what has been 
reported for Barrow Island, Mundabullangana and Cemetery Beach rookeries (mean of 47 eggs at each 
location; Pendoley et al. 2014). Mean hatch success of flatback clutches was greater in 2023/24 (81%) 
than in 2021/22 (65%) and 2018/19 (49%), as was emergence success (80% in 2023/24 compared to 
56% in 2021/22 and 42% in 2018/19; Pendoley Environmental 2019; 2023).  

Of the 6 excavated hawksbill clutches that were not inundated, the mean clutch size was 98 eggs, 
which was lower than 110 eggs in 2021/22 and 123 eggs in 2018/19 (Pendoley Environmental 2019, 
2023). The hatch and emergence success rate for this species was 79% and 75%, respectively, which 
was similar to the rates recorded in 2021/22 of 79% and 70%, respectively. The sample size of 
hawksbill clutches is notably small, with data collection hindered by clutches becoming lost to erosion 
or inundation. 

The mean incubation period for six flatback clutches in 2023/24 was 48 days, which was similar to 
2021/22 (49 days). The incubation period for both of these seasons was longer than the mean 
reported for three clutches marked in 2018/19, at 43 days. The mean hawksbill incubation period in 
2023/24 was 50 days, which was lower than in 2021/22 at 55 days (no equivalent data available from 
2018/19) (Pendoley Environmental 2023). 

4.3 Hatchling Orientation 

From the 49 hatchling fans analysed in the 2023/24 season, marine turtle hatchlings successfully 
oriented seaward, regardless of the visibility of light sources. When this data was compared with 
baseline data from 2021/22, there was one trigger level spread angle exceedance for Sholl Island West, 
which was not considered to be due to any artificial light impacts as there were no new light sources 
on the horizon and the hatchling sample size for this location was low (n=8). This result suggests that 
the trigger limits for this metric are too low. This is likely due to the relatively small benchmark data 
sample sizes not capturing the variance typically found in biological datasets. All other locations were 
below exceedance criteria, which was also the case for offset angle metrics analysis. 



BCI Minerals Ltd. 
Mardie Salt Project: Marine Turtle Monitoring Program 2023/24 

42 | P a g e 

4.4 Artificial Light Monitoring 

Comparison of light data recorded at 6 locations in 2023/24 with the past three seasons of light 
monitoring (where data was available), revealed a marginal increase in whole-of-sky brightness at 
Mardie Creek East, Mardie Creek West and from the eastern side of Sholl Island. Long Island recorded 
a decrease in whole-of-sky brightness of 14.5%. These variations may be attributed to a slight change 
in vegetation height and changes in beach and dune profiles. It should be noted that the positioning 
of stars, atmospheric conditions and other natural phenomena may cause variance in sky brightness 
from year to year, and therefore small changes in sky brightness are expected. 
 
The comparison of visible light sources recorded in the 2023/24 season with benchmark data from the 
Mardie Salt Project: Marine Turtle Monitoring program (Pendoley Environmental 2023) reveals that 
there are no new detectable light sources from any of the locations monitored. 
 
The brightest light sources visible continue to include the port at Cape Preston and iron ore mining 
facilities (Sino Iron). Offshore, sky glow from Barrow Island oil and gas facility is visible from Sholl Island 
and the two mainland locations, while shielding from a tall primary dune at Long Island prevents these 
light sources from being detected on the south-eastern side of the island. Skyglow from Varanus Island 
and Rio Tinto Mesa A iron ore mine was visible from Sholl Island East and Long Island in 2021/22, but 
was shielded in 2023/24 by changes in dune morphology and vegetation growth at both island 
monitoring locations. Notably, Mardie Village continues to be visible from Sholl (East and West) and 
Long islands. VIIRS composite light pollution mapping indicates light emissions from the camp have 
been increasing since 2020. 

  







 

 

Appendix A: Approval Conditions for marine turtles under Ministerial Statement No. 1175 and 
1211; EPBC2018/8236 and EPBC2022/9169 relevant to this scope of work 





 

 

 
10-4  
 
 

Prior to the commencement of operations the proponent shall submit to the 
CEO a Marine Turtle Monitoring Program. This plan shall:  

(2) when implemented, determine whether artificial light emissions are 
influencing nesting and mis-orientation or disorientation of turtles on the 
offshore islands (including but not limited to Long and Sholl Islands), and any 
areas determined to be significant turtle nesting habitat by surveys required 
by condition 10-3;  

(3) specify the details of the methodology of monitoring of the nesting turtle 
population in the proposal area and offshore islands, including nesting adults 
and hatchlings, during the species-specific reproductive period, which is to 
include (but not be limited to):  

(a) identification of the species of turtles nesting on the beaches;  

(b) identification of the abundance and the distribution of adult 
tracks on the nesting beaches;  

(c) collection of data on the health of the nesting habitat;  

(d) collection of data on hatchling orientation; and  

(e) measurements on the intensity and extent of light sources visible 
from nesting beaches.  

(4) include a commitment to annually compare cumulative results against the 
baseline assessment (Pendoley Environmental 2019, Mardie Salt Project 
Marine Turtle Monitoring Program 2018/2019. Rev 0, Report No. RP-59001);  

(5) include measures to reduce light to offshore islands to be implemented in 
the event that adverse impacts from the proposal are detected, including a 
decrease in percentage range and usage of nesting sites (from the baseline 
study (Pendoley Environmental 2019, Mardie Salt Project Marine Turtle 
Monitoring Program 2018/2019. Rev 0, Report No. RP-59001); and  

(6) provide criteria for when the Illumination Plan required by condition 9-1 
will be revised in response to outcomes of the monitoring required by 
condition 10-6.  

 10-6 

The proponent shall continue to implement the Marine Turtle Monitoring 
Program until the CEO has confirmed by notice in writing, on advice from 
DBCA and DWER, that the outcome of condition 10-1(2) has been, and will 
continue to be met.  





 

 

C4 (2) 

The environmental management plan required under condition B5-3 is also 
required to:  
 
(1) be updated to include management actions, management targets and 
contingency measures that will establish whether the proposal is 
having a detectable difference on marine turtle orientation (i.e. 
misorientation or disorientation), and nesting beach utilisation as 
described in condition B5-1(2). 
(2) include a commitment to annually compare cumulative results against 
the baseline assessment (Pendoley Environmental 2019, Mardie Salt 
Project Marine Turtle Monitoring Program 2018/2019. Rev 0, Report No. 
RP-59001); 
(3) Include a monitoring plan that is in accordance with the 
recommendations published in the National Light Pollution Guidelines 
(2020); 
(4) provide criteria for when the Mardie Illumination Plan required by 
condition B6-5 will be revised in response to outcomes of the monitoring 
required by condition B5-3; and 
(5) Continue to be implemented until the CEO has confirmed by notice in 
writing, on advice from DBCA and DWER, that the outcome of condition 
B5-1(1-3) has been, and will continue to be met. 

 
  



 

 

Appendix B: Field Survey Schedule



 

 

Table B 1: Field survey schedule. MC = Mardie Creek, x = survey day, X = line-in day.  

Date 
Survey Location 

Sholl Round Long Middle 
Passage Angle Passage South 

Passage Stewart Fortescue Mardie MC East MC West Solitary 

Field Survey 1 
16/10/2024 Transit 
17/10/2024 X  X        X X  

18/10/2024 x  X x  X       x x    
19/10/2024 x x x X x X X snapshot   x x X 
20/10/2024 x x x      X X x x    
21/10/2024 x  x  x x x x  x      x x   
22/10/2024 x x x x  x            x x    
23/10/2024 x  x            x  x   
24/10/2024 x  x x     x  x      x x x  
25/10/2024 x  x x x      x    x x   
26/10/2024 x x x x x        x  x x    
27/10/2024 x  x            x x    
28/10/2024 x x x x x         x x  x  
29/10/2024 x  x            x x x 
30/10/2024 x  x          x  x x    

Field Survey 2 
4/12/2023 Transit 
5/12/2023 X   X              X  X   - 
6/12/2023 x  X x  X X        x  x   - 
7/12/2023 x x x     X   X  x x  - 
8/12/2023 x  x   X X  X   x x  - 
9/12/2023 x x  x x x        x x  - 

10/12/2023 x x x x           x x x  - 
11/12/2023 x x x x         x x  - 



 

 

12/12/2023 x  x   x            x x  - 
13/12/2023 x  x            x x  - 
14/12/2023 x  x      x  x  x x x  - 
15/12/2023 x x x x x          x x  - 
16/12/2023 x  x   x  x      x x  - 
17/12/2023 x  x            x x  - 

Field Survey 3 
5/02/2024 Transit 
6/02/2024 X  X            X  X   - 
7/02/2024 x X x X X              - 
8/02/2024 x  x                - 
9/02/2024 x  x        X  X       - 

10/02/2024 x x x x x    X           - 
11/02/2024 x  x   X  X            - 
13/02/2024 x  x                  - 
14/02/2024 x x x  x x            x x  - 
15/02/2024 x  x          - 
16/02/2024 x  x     x   x x - 
17/02/2024 x x x x x        - 
18/02/2024 x  x   x x      - 
19/02/2024 x  x        x x - 

 

 



 

 

Appendix C: Track Census 





 

 

FS3 

Fortescue Island NA 0 NA 0 NA 0 NA 0 NA NA 
Stewart Island 0 0 0 0 0 0 0 0 0 0 
Sholl Island 1 3 1 4 9 19 11 26 9 12 
Round Island 0 0 0 0 0 0 0 0 NA NA 
Long Island 0 0 0 0 0 6 0 6 NA 0 
Middle Passage Island 0 0 0 0 0 2 0 2 NA 0 
South Passage Island NA 1 NA 0 NA 0 NA 1 NA 100 
Angle Island 0 0 0 0 0 1 0 1 NA 0 
Passage Island 1 0 1 0 0 0 2 0 50 NA 
Islands Total 2 4 2 4 9 28 13 36 15 11 
Mardie Creek East 2 0 0 1 5 0 7 1 29 0 
Mardie Creek West 0 0 0 0 0 0 0 0 NA NA 
Mainland Total 2 0 0 1 5 0 7 1 29 0 

 

 

 

 

 

 

 

  





 

 

FS3 

Fortescue Island NA 0 NA 0 NA 0 NA 0 NA NA 
Stewart Island NA 0 NA 0 NA 0 NA 0 NA NA 
Sholl Island 0 0 0 0 0 1 0 1 NA 0 
Round Island 0 0 0 0 0 0 0 0 NA NA 
Long Island 0 0 0 0 0 0 0 0 NA NA 
Middle Passage Island 0 0 0 0 0 2 0 2 NA 0 
Angle Island 0 0 0 0 0 0 0 0 NA NA 
South Passage Island NA 0 NA 0 NA 0 NA 0 NA NA 
Passage Island 1 0 1 0 1 0 3 0 33 NA 
Islands Total 3 0 1 0 13 3 17 3 18 0 
Mardie Creek East 0 0 0 0 0 0 0 0 NA NA 
Mardie Creek West 0 0 0 0 0 0 0 0 NA NA 
Mainland Total 0 0 0 0 0 0 0 0 NA NA 

 

  





 

 

FS3 

Fortescue Island NA 0 NA 0 NA 0 NA 0 NA NA 
Stewart Island NA 0 NA 0 NA 0 NA 0 NA NA 
Sholl Island 0 0 0 0 0 0 0 0 NA NA 
Round Island 0 1 0 0 0 1 0 2 NA 50 
Long Island 0 1 0 0 0 0 0 1 NA 100 
Middle Passage Island 0 0 0 0 0 0 0 0 NA NA 
Angle Island 0 0 0 0 0 0 0 0 NA NA 
South Passage Island NA 0 NA 0 NA 0 NA 0 NA NA 
Passage Island 1 0 1 0 1 0 3 0 33 NA 
Islands Total 3 2 1 0 13 1 17 3 18 67 
Mardie Creek East 0 0 0 1 0 0 0 1 NA 0 
Mardie Creek West 0 0 0 0 0 0 0 0 NA NA 
Mainland Total 0 0 0 1 0 0 0 1 NA 0 
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1 Appendix D: Artificial Light Monitoring Report �t 2023/24 

This Artificial Light Monitoring Report appends to Mardie Salt Project: Marine Turtle Monitoring 
Program 2023/24 (APPENDIX D, Pendoley Environmental 2024). Light monitoring cameras were 
deployed at locations close to the Projects proposed disturbance footprint at Mardie Creek East and 
Mardie Creek West. They were also deployed on turtle nesting beaches on Long Island, Sholl Island 
(two locations) and Middle Passage Island during Field Survey 2 (FS2) and Field Survey 3 (FS3) (Figure 
1). Nights with the clearest imagery and least amount of cloud cover were selected to generate median 
whole-of-sky (WOS; 0�t90°), zenith (60�t90°) and horizon (0�t30°) sky brightness values (Table 1). For 
all monitoring locations, this occurred between the 10th and 12th of December 2023 (FS2).  

1.1 Artificial Light Sources 

Visible light sources, as detected by VIIRS 2023 Satellite Data (www.lightpollutionmap.info), from the 
six monitoring locations are presented in Figure 2 and include: 

Mardie East: Cape Preston, Sino Iron, Barrow Island. 

Mardie West: Sino Iron, Barrow Island. 

Long Island: Cape Preston, Sino Iron, Mardie Village 

Sholl Island (west and east): Cape Preston, Sino Iron, Mardie Village 

Middle Passage Island: Cape Preston, Sino Iron, Mardie Village 
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Figure 1: Light monitoring locations (green dot) for 2023/24. 
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Figure 2: Artificial light and infra-red sources with in the Optimised Mardie Project 
Area and surrounding region, as detected by satellite. Red triangles indicate light 
monitoring locations. Source: VIIRS 2023 Satellite Data (www.lightpollutionmap.info). 
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1.2 Night-time Light Emissions 

Several sources of horizon light were visible within the captured imagery at varying levels of brightness 
and located at different bearings from each monitoring location. Light data is presented as isophote 
maps (Figures 3-8), and colour coding of the maps is a representation of light intensity (not the colour 
of light as perceived by a human or turtle eye). The units of sky brightness are presented on an inverted 
logarithmic scale (i.e. higher values represent lower intensity light and vice versa).  

Measured whole-of-sky (WOS) brightness was darkest at Sholl Island West (21.53 Vmag/arcsec2) 
followed by Middle Passage Island (21.42 Vmag/arcsec2) (Table 1). The brightest WOS sky brightness 
value was captured at Sholl Island East (21.08 Vmag/arcsec2) monitoring location. The brightest light 
source visible from all locations was the Sino Iron development visible in an easterly to south-easterly 
direction (Figure 3 - Figure 8).  

Substantial horizon shielding from dunes/vegetation was observed from both Mardie Creek East and 
Mardie Creek West. Project associated light visible in the processed images included Mardie Village 
which was observed as a distinct source of light from all monitoring locations except Mardie Creek 
East, which was shielded by vegetation. 

Zenith brightness followed a similar trend with Sholl Island West and Middle Passage Island recording 
the darkest values (21.83 and 21.92 Vmag/arcsec2 respectively, Table 1) 

Table 1: Median sky brightness for whole-of-sky, horizon and zenith captured at light monitoring 
locations during the 2023-2024 season. 

Monitoring location 

Sky Brightness (Vmag/arcsec2) 

Whole-of-
Sky 

Horizon Zenith 

Mardie Creek East  21.22 21.18 21.53 

Mardie Creek West 21.3 21.39 21.46 

Long Island 21.36 21.27 21.71 

Sholl Island West 21.53 21.49 21.83 

Sholl Island East 21.08 20.94 21.5 

Middle Passage Island 21.42 21.24 21.92 
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Figure 3: Artificial light monitoring results at Mardie Creek East on 10th December 2023. a. Clearest 
raw circular image; b. Processed circular image; c. Raw hammer-aitoff image; d. Processed hammer-aitoff image. 
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Figure 4: Artificial light monitoring results at Mardie Creek West on 10th December 2023. a. Clearest 
raw circular image; b. Processed circular image; c. Raw hammer-aitoff image; d. Processed hammer-aitoff image. 
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Figure 5: Artificial light monitoring results at Long Island on 12th December 2023. a. Clearest raw circular 
image; b. Processed circular image; c. Raw hammer-aitoff image; d. Processed hammer-aitoff image. 
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Figure 6: Artificial light monitoring results at Sholl Island West on 12th December 2023. a. Clearest raw 
circular image; b. Processed circular image; c. Raw hammer-aitoff image; d. Processed hammer-aitoff image. 










