
   

Supplementary Material 

1 Additional detail on drone tracking specifications and shark length calculations 

At each beach, sharks were searched at an altitude of 60 m, with video and telemetry displayed on an 

iPad (9.7-inch display). The accuracy of the drone’s (DHI Phantom 4) horizontal geographic 

positioning is ± 1.5 m, and altitude is ± 0.5 m (system specifications). It was initially found that the 

recorded altitude of the drone would sometimes drift from the actual altitude by the end of the flight, 

which likely arose from the drone’s stabilisation protocols, and was remedied by regular calibrations 

to the drone’s inertia management unit. The tracking altitude was a compromise between minimising 

the effect of altitude inaccuracies on length estimates and having enough pixel resolution to confidently 

discern the shark extremities, which varied according to conditions, but we found 20 – 25 m to be a 

good compromise for this study. 

When a shark track stopped due to a low drone battery, an attempt was made to locate and continue 

tracking the same shark after a battery change. Including drone travel time, it took approximately 2 – 

4 mins to change battery and return to the same location. On return to the last known shark position, 

the area would be searched to eliminate possibilities of confusing the same sharks for conspecifics. 

This was also confirmed in post analysis by assessing track metrics and shark length calculations. 

Sometimes we were able to move the ground control station during a battery swap to effectively extend 

the tracking range. In some other cases a second drone was launched to seamlessly continue the track 

when the first went low on battery. 

Whilst tracking a shark, we filmed in 4k UHD resolution (3840 x 2160 pixels), as opposed to taking 

(comparatively higher resolution) still images, because the filming frame rate of 25 frames per second 

(used ‘PAL’ format) allowed greater opportunity to select a frame with minimal water distortion and 
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sea-surface reflectance, and better shark body alignment. By adding a video captions function to the 

video, the drone height above the take-off position (along with other information) from the recorded 

information in the drone’s flight controller was displayed at any given time in the video, and also 

transferred to still images extracted from the video. 

To relate the images of sharks extracted from the video to length measures in metres, we determine the 

lengths of shark in each image in pixels. The pixel length of a shark for a given drone height above the 

water was then converted to a shark length in metres. For each still image, we used the height of the 

drone (m) recorded in the video caption, and added the height of the drone’s take-off/landing pad above 

the water line to get a total height of the drone above the water surface.  

To determine the relationship between image pixel counts to real-world metres, we placed markers at 

1 m intervals up to 5 m, and recorded (same camera settings) these in the centre of frame at 5 m height 

intervals from 5 m to 30 m, and also at 60 m. From this we derived pixels per metre for each height 

and confirmed there being negligible distortion effects from the sensor (Supplementary Material Figure 

1). The resulting equation was used as the basis for converting pixel sizes of the shark at a given height 

to a length of the shark in metres.  

For the length calculations of white sharks in the study, 60% were measured at or near the surface at 

some point along the track, providing the best precision and accuracy. A further 23% were measured 

at an estimated 1.5 m deep, and 17% at around 2.8 m deep, which were still thought to provide realistic 

estimates, albeit with lower precision. 

Additionally, we used shark silhouettes (plywood cut-outs) of 2.425 m TL for validation, and to 

estimate depth correction coefficients according to perceived depth categories of the tracked sharks, 
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as in some cases they did not come to the surface. The depth offsets were calculated at 0.3 m, 1.5 m, 

and 2.8 m and sharks were assigned a depth to which the length estimates were adjusted for.  

Hence, the final equation relevant to the Phantom 4 drone’s sensor was:  

𝑆𝑆ℎ𝑎𝑎𝑟𝑟𝑟𝑟 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (𝑚𝑚)  =
𝑝𝑝[(0.0919𝑑𝑑) + 1]

1975.4(𝑎𝑎 + ℎ)−0.959 

 

Where 𝑝𝑝 is the measured shark in pixels, 𝑎𝑎 is the altitude (m) of the drone above the ground control 

station and ℎ is the height (m) of the ground control station above the waterline. The formula section 

in the square brackets pertains to the depth offset, where 𝑑𝑑 was the estimated depth of the shark. 

 

2 Supplementary Figures 

2.1 
Supplementary Figure 1. The plotted relationship of the drone’s height (DJI Phantom 4) and 
the image pixels per metre for objects positioned in the centre of the camera sensor’s frame.  
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