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Supplement 1 

 
Artificial light disrupts the nearshore dispersal of neonate flatback turtles Natator 
depressus 
Light camera 

We quantified light in the environment using a digital all-Sky camera (Sky42) that consisted 
of a Canon PowerShot G12 camera with an unfiltered Raynox DCR-CF187PRO HD fish eye 
lens. The fish eye lens enables the entire night sky and horizon to be captured in a single 
circular image. The camera was deployed on the beach near the turtle release point and photos 
of the night sky were made in all treatments during the experiment. Images were processed 
using Sky Quality Software to isolate and quantify the brightness (magnitude per arc.second2) 
and colour of light in each treatment. Light signals from stars and the Milky Way were 
removed and data smoothing applied and the brightness at target bearings relative to the 
camera location was calculated. 
The Sky Quality Camera measured low light levels under ambient conditions (20.34 
magnitude per arc second (mag arc sec2)) but a visible glow was seen behind the dunes 
associated with mainland lights from the Onslow township and industry nearby (Figure S1). 
When artificial lights were switched on the camera measured high uni-directional light in the 
direction of the boat and the light intensity was of similar brightness for MH and HPS (15.98 
and 16.6 mag arc sec2 respectively). There was an increase in horizon brightness between 
angles 90–210° when the artificial lights were on due to the light from the vessel reflecting off 
the dunes.     
Details on receiver spacing and range testing 

The spacing of receivers was selected to ensure transmitters maintained communication with 
multiple receivers at the same time as they moved through the array, which was determined in 
the days prior to the study by conducting a range test and a Vemco Positioning System (VPS) 
test. The range test consisted of a straight line of 8 receivers running parallel to shore (50 m 
from the shoreline) every 15 m up to 120 m from a submerged, fixed-delay interval V5 range 
test tag (transmission interval of 7 seconds). The tag was left to run for 17 hours and 
detections on the receivers showed that the effective detection range to ensure 75% detection 
probability of the tag was 35 m. A conservative spacing of 30 m was used to conduct a VPS 
test that consisted of a miniature array (3 x 3 receivers). Two V5 reference tags (transmission 
rate 400-500 seconds) were deployed at fixed locations for the VPS test and a model turtle 
equipped with a V5 transmitter and a GPS tracker was towed through the array to ensure the 
positioning system was working correctly. This test resulted in 95% of tag transmissions 
being detected on three or more receivers so this spacing was used for the full, 36 receiver 
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array. Each receiver was attached to a mooring line using cable ties, held in position with a 
150 mm subsurface float and a 3 kg weight. Each receiver had a co-located synchronising 
transmitter (Vemco V9, 180 kHz) with a nominal code transmission delay of 400–500 
seconds attached approximately 0.5 m above and below the surface to synchronize the 
internal clocks of the receivers. Three V5 reference tags (transmission rate 400-500 seconds) 
were deployed in the array at fixed locations to measure system performance (Figure 1). 
 
Table S1. Details for calculating the current corrected speeds and direction for each animal 
position.  

Making	the	components	 Calculating	corrected	speed	and	direction		

Turtle	component:	

𝑈! =  𝑉!𝑠𝑖𝑛𝜃	

𝑉! =  𝑉!𝑐𝑜𝑠𝜃	

Current	component:	

𝑈! =  𝑉!𝑠𝑖𝑛𝜃	

𝑉! =  𝑉!𝑐𝑜𝑠𝜃	

	

where	V	is	the	speed,	θ	is	the	direction	for	

turtle	(t)	and	current	(c)	

	

	

𝑈 = 𝑈! −  𝑈! 	

𝑉 = 𝑉! −  𝑉! 	

𝑆𝑝𝑒𝑒𝑑 =  𝑈! + 𝑉!	

𝐷𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 =  tan!! 𝑈/𝑉	
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Table S2. Model output table ranked by AICc for additive models fitted to explain response 
variables time spent, rate travel, variance in bearing turtle and mean bearing (ambient tracks 
only) through the tracking area, rate of travel and mean bearing inshore of the light, and  rate 
of travel at the light.  

Response	 Model	 AICc	 BIC	 ΔAICc	 ΔBIC	 ωAICc	 ωBIC	 Dev.	
Exp.	

Analyses	using	all	data	–	all	detections	or	entire	tracks	
Time	
spent	

	treatment	 657.9	 669.5	 0	 0	 0.49	 0.82	 0.17	
	wave	steepness	+	treatment		 659.3	 675.2	 1.4	 5.7	 0.24	 0.05	 0.20	
	treatment	+	current	direction		 660.1	 673.9	 2.2	 4.4	 0.16	 0.09	 0.17	
	treatment	+	wave	steepness	x				
treatment		

661.9	 685.5	 3.9	 16.0	 0.07	 0.00	 0.19	

	treatment	×	current	direction	 663.6	 681.4	 5.7	 12.0	 0.03	 0.00	 0.17	
	wave	steepness	 666.8	 678.4	 8.9	 8.9	 0.01	 0.01	 0.05	

Rate	of	
travel	

 treatment -116.6 -105.2	 0 0	 0.88 0.92	 0.29 
 treatment + current direction -112.0 -98.4	 4.6 6.8	 0.09 0.03	 0.31 
 current speed -110.0 -98.5	 6.7 6.7	 0.03 0.03	 0.16 
 null -103.6 -96.6	 13.0 8.6	 0.00 0.01	 0.00 
 treatment × current direction -101.4 -83.8	 15.2 21.4	 0.00 0.00	 0.34 
 wind speed -98.9 -87.4	 17.7 17.7	 0.00 0.00	 0.05 

Variance	
in		
turtle	
bearing	

	treatment		 -87.8	 -76.4	 0	 0	 0.55	 0.83	 0.23	
	treatment	+	current	direction	 -86.5	 -72.9	 1.4	 3.5	 0.28	 0.14	 0.26	
	treatment	×	current	direction	 -85.4	 -67.7	 2.5	 8.7	 0.16	 0.01	 0.30	
	wave	steepness	 -80.0	 -68.5	 7.9	 7.9	 0.01	 0.02	 0.07	
	null	 -71.5	 -64.5	 16.3	 11.9	 0.00	 0.00	 0.00	
	current	direction	 -70.9	 -61.6	 17.0	 14.8	 0.00	 0.00	 0.03	

Analyses	using	ambient	data	only	–	entire	tracks	

Mean	
bearing		

	current	direction		 253.0	 256.8	 0	 0	 0.62	 0.63	 0.48	
	wave	steepness	 255.1	 258.9	 2.1	 2.1	 0.22	 0.22	 0.02	
	wind	speed	 256.1	 260.3	 3.1	 3.5	 0.13	 0.11	 0.56	
	current	speed	 259.2	 263.4	 6.2	 6.7	 0.03	 0.02	 0.12	
	null	 261.3	 264.5	 8.4	 7.7	 0.01	 0.01	 0.00	

Analyses	using	tracks	inshore	of	light	
Rate	of	
travel	
inshore	of	
light	

current	speed	 -126.2 -114.6 0	 0 0.99	 0.98 0.28	  
current	direction	 -116.4 -107.1 9.7	 7.5 0.01	 0.02 0.18	  
treatment	+	current	direction	 -113.1 -99.6 12.9	 15.0 0.00	 0.00 0.30	  
wind	speed	 -112.1 -100.6 13.9	 13.9 0.00	 0.00 0.15	  
null	 -107.3 -100.3 18.7	 14.3 0.00	 0.00 0.00	  
wave	steepness	 -105.8 -94.3 20.2	 20.2 0.00	 0.00 0.08	  

Turtle	
bearing	
inshore	of	
light	

treatment	×	current	
direction	

670.5 688.1 0	 0 1.00	 0.97 0.38	  

treatment + current direction 682.5 696.1	 12.0 7.9	 0.00 0.02	 0.31 
current direction 687.8 697.0	 17.3 8.9	 0.00 0.01	 0.30 
current speed  711.2 722.7	 40.7 34.5	 0.00 0.00	 0.12 
wind speed  712.2 723.7	 41.7 35.5	 0.00 0.00	 0.11 
wave steepness 714.6 726.0	 44.1 37.9	 0.00 0.00	 0.08 

Analyses	using	tracks	near	the	light	

Rate	of	
travel	at	
the	light	

treatment -99.6 -89.5	 0 0	 0.87 0.94	 0.59 
treatment + current direction -95.9 -83.9	 3.8 5.6	 0.13 0.06	 0.62 
treatment  × current direction -87.1 -71.8	 12.5 17.7	 0.00 0.00	 0.66 
wave steepness -84.6 -74.5	 15.0 15.0	 0.00 0.00	 0.10 
null -51.5 -45.2	 48.1 44.3	 0.00 0.00	 0.00 
current direction -49.4 -41.1	 50.3 48.4	 0.00 0.00	 0.07 
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Figure S1. Isophote images in (a) ambient, (b) high pressure sodium and (c) metal halide 
treatments. Photos are images assessed for sky brightness measured in magnitude per arc 
second2, the larger the value, the darker the night sky. Sky brightness at angles from the 
camera (d) in ambient (black solid line), high pressure sodium (orange solid line) and metal 
halide (light blue solid line) treatments. The boat was located at an angle of 323° (blue dashed 
line), Onslow Township at 145° (red dashed line) and oil and gas development at 175° (grey 
dashed line). Note there was an increase in horizon brightness between angles 90–210˚ when 
the artificial lights were on due to the light from the vessel reflecting off the dunes.   
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Figure S2. Current speed (m s-1) and direction on the flood (red) and ebb (blue) tides, wind 
speed (km h-1) and direction (black) and wave height (m) and direction (grey) during the study 
period. 
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Figure S3. Water level (m), wave height (m), current speed (m s-1), current direction (°), 
water temperature (°C) and wave period (s) from the 8-11 February 2016. Grey boxes indicate 
the timing of tracking experiments each night.  
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Figure S4. The relationship between current speed and hatchling speed inshore of the light (a) 
and estimated values (mean ± 95% CI) from the top ranked model (light treatment effect only) 
for hatchling rate of travel near the light (b). 
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Figure S5. A current corrected track (a) and progressive vector diagram (b) with the current 
track and direction (green), recorded positions (black) and current corrected positions and 
direction (orange). Mean track after current correcting in ambient treatment (c) on flood (red) 
and ebb (blue) tides, with peak wave direction (rose diagram (grey) with mean direction 
(black arrow)). Progressive vector diagram of hatchling in light treatment (d) showing 
direction and strength of current (green), recorded positions (black) and light spill (large 
orange circle). Acoustic receivers are shown in grey and beach in beige.  
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