Range test experiment

Range test methods 

Range tests were conducted by positioning an acoustic transmitter (VEMCO V16-6L) at various distances from a receiver (5m, 100m, 200m, 300m, 400m) and depths (bottom = 25m deep, surface =10m deep) for a period of four days per interval and depth.  When possible, environmental conditions (wind direction and strength, swell height, sea surface temperature, current direction and strength) at the study site were recorded during the range test.  Detections recorded by each receiver were grouped into bins representing “day” and “night” hours.  Individual detection probabilities were then calculated for each period (day and night) at each position (surface and bottom) from each distance (5m, 100m, 200m, 300m, 400m) based on the total number of recorded detections expressed as a percentage (0-100%) of the known number of transmissions from the tag.  The mean detection rates at each time of day, depth and distance were compared using a one-way ANOVA. 

Range test results

Summary results from the range test experiment are presented in Table S1 and Figure S1.  Combined mean detection rates at 5m were 79.5% (SD=14.0), at 100m were 15.4% (SD=8.7) and at 200m no detections were recorded.  Detection rates were significantly higher (ANOVA, DF=5, p<0.05) during the day than at night when the tag transmitted from the bottom position (25m deep) at 5m and 100m distance from the receivers.  The detection rate was also significantly higher (ANOVA, DF=5, p<0.05) during the day compared to night when the tag transmitted from the surface (10m deep) at 100m from the receiver but there was no significant difference (ANOVA, DF=5, p<0.05) between day and night when the tag transmitted from a distance of 5m.  Bottom (25m deep) tag detection rates were significantly higher (ANOVA, DF=5, p<0.05) than surface detection rates (10m deep) during the day and night when the tag transmitted from a distance of 5m but there was no significant difference (ANOVA, DF=5, p<0.05) in detection rates when the tag transmitted from 100m distance during day or night.  In all cases there was a significantly higher (ANOVA, DF=5, p<0.05) detection rate for all tags transmitting from 5m compared to 100m.  

Environmental conditions recorded during the range test varied widely with wind direction (north, northeast, east, south and southwest), wind strength (5-25 knots), swell height (1.5-3m), current direction (north, south) and current strength (0 to >2 knots) all typical for the study site.

Range test discussion
Receiver range testing was conducted at the Pinnacle reef to help interpret the detection data at the study site [1,2].  Results from the range test experiment suggested that the detection range of receivers in this study was relatively poor [2,3] although within the same range as previously reported.  Previous studies [2,4] using the same tag specifications (VEMCO V16-6L) in similar depths to our study reported mean detections rates of less than 60m [4] and 80% detection rates at 0m which were reduced to approximately 35% at 100m and 10% at 200m [2].  In comparison, we found that at 5m from the receiver we had combined mean detection rates of 79.5% and at 100m the mean detection rate was reduced to 15.4% and at 200m we received no detections.  Although due to the scale of our experiment it is not possible to determine the actual detection threshold and caution needs to be taken when interpreting our results.  Our range test experiment did suggest that increased biological noise from the Pinnacle reef at night may have negatively impacted the detection range of transmitters, especially when the tag transmitted from a position near to the reef.  This was expected as nocturnal biological reef noise has been known to lower detection rates, specifically in tropical environments due to increased acoustic interference [3].  Reef rugosity and profile at the study site may have further compounded detection interference when tags transmitted close to the reef as acoustic signals may have been reflected or refracted by the reef [3].  Surface wave and wind action may also negatively impact detection rates due to increased acoustic interference but the range test experiment did not adequately control for the potential interference of absolute transmitter and receiver distance from surface interference. 
Although the range test experiment showed that the detection range at the study site was poor, the actual detection range and performance of the acoustic receiver array at the study site appeared to be adequate for the study subject.  This is apparent when investigating the actual detection data from tagged sharks that showed some sharks (44%) were detected by the receiver array at the Pinnacle reef for continuous periods of between 46 and 158 days.  Periods of shark absence are further confirmed by detections from locations other than the study site for 10 out of 18 tagged sharks.  Based on 111 observations at our study site of bull shark behavior it was evident that sharks swam slowly relatively close the reef and had a preference for shallow reef areas.  This suggests that the most important detection interference may come from reef noise and profile but the sharks slow swimming speed and preference for shallow areas where receivers were located are important considerations that may have improved detection rates.  In our study the range test experiment gave us a proxy for receiver performance but the actual receiver performance is still largely dependent on the study subject and associated behavior relative to the site-specific acoustic receiver array.  
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