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Abstract 

This study aimed to (1) evaluate vessel strike as a threat to marine turtles in Queensland, 

Australia, (2) investigate behavioural responses of free-living green turtles to vessel traffic, (3) 

study diving behaviour of green turtles in foraging grounds adjacent to vessel traffic, (4) test 

established and novel methods for recording fine-scale geographic movement by green turtles 

and gain insight into the spatial behaviour of turtles in shallow foraging habitat.  

Analysis of stranding records collected by the Queensland Environment Protection Authority 

indicated that, for the Queensland east coast during the period 1999-2002, an average of 65 

documented turtle deaths annually were ascribed to collisions with vessels. This number 

represented an extremely conservative indication of actual mortality because no systematic 

surveys for stranded animals were conducted and records were contingent on chance 

discoveries and on motivation of members of the public to report findings. The records showed 

a high degree of geographic concentration, green turtles comprised the majority of vessel-

related records, followed by loggerhead turtles, and the majority of cases concerned adult and 

sub-adult turtles. Based on these findings, subsequent behavioural research in pursuit of aims 2 

to 4 focussed on green turtles of adult and sub-adult age classes in Moreton Bay, which wass 

the area with the highest recorded incidence of turtle mortality from vessel strike. 

Field research investigated behavioural responses of green turtles to an approaching vessel. 

Visual observations were conducted from a moving vessel that served a dual role as stimulus 

for potential turtle responses and as observation platform. During experimental vessel transits 

the proportion of turtles that fled to avoid the vessel decreased significantly as vessel speed 

increased and turtles that fled from moderate and fast approaches did so at significantly shorter 

distances from the vessel than turtles that fled from slow approaches.  

For telemetry studies, green turtles were captured individually and equipped with time-depth 

recorders and ultrasonic transmitters. Ten telemetry sessions were distributed over 2 years to 

cover seasonal variation in sea temperature from 14ºC to 30ºC. These sessions provided diving 

data for a total of 19 turtles with curved carapace lengths in the range 49 to 118 cm. Three of 

the study turtles were additionally equipped with a Fastloc GPS (FGPS) device that used novel 

technology, specifically designed to record fine-scale movements of marine animals that 

surface too briefly for effective use of standard GPS. Detailed data were obtained for FGPS 

accuracy and efficiency, tested during extensive stationary trials. FGPS performance during 

live deployment was compared with two alternative methods, namely boat-based ultrasonic 

tracking and Argos Platform Transmitter Terminals.  
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Overall findings of telemetry sessions revealed that dive duration increased as sea temperature 

decreased, showing strong negative correlation by day and by night. Study turtles made resting 

dives that were 3 to 4 times longer in median duration, and six times longer in maximum 

duration, at cool temperatures than dives made at warm temperatures, but there was no 

evidence of winter diapause or location shift to avoid cold water. Diurnal dives were shallower 

and shorter than nocturnal dives, with diel patterns also evident in dawn and dusk peaks in 

occupation of depths within 1 m of the surface, elevated diurnal occupation of depths 1 to 2 m 

below the surface and elevated nocturnal occupation of depths >2 m.  

The FGPS-equipped turtles (n = 3) used modest short-term activity ranges, remained within 

<4.7 km of their capture-release locations and favoured shallow water with 86% of locations at 

charted depths ≤3 m and the deepest location at 5.9 m. Fine-scale movements of each turtle 

varied from day to day with respect to tortuosity and areas traversed. Statistically significant 

day-night differences were evident in average rates of movement (greater by day) and in 

habitat selection, where diurnal locations had greater seagrass density while nocturnal 

locations featured deeper bathymetry. Individual turtles revisited some of their centres of 

activity on multiple occasions although none of the study turtles travelled consistently between 

the same day-night pair of sites as has been reported elsewhere.  

In combination the diving and movement data showed that study turtles consistently and 

continuously used the shallow margins of the bay where human activities tend to be 

concentrated, thereby increasing their exposure to anthropogenic threats including vessel 

strike. Coupled with the evidence that reliable evasion responses occur only with very slow 

vessels, this thesis confirms the need for management strategies that restrict vessel speed or 

routes in order to reduce the cumulative risk of vessel strike in key turtle habitat subject to 

frequent vessel traffic. 
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Figure 6.2: Chelonia mydas. Diel patterns in depth occupation for 19 study turtles showed 
peaks at dawn and dusk for depths 0 to 1 m below the surface (panel a), elevated occupation of 
depths 1 to 2 m during the day (panel b) and elevated occupation of depths >2 m at night 
(panel c). Differences were statistically significant in all three instances. Box plots show the 
median (horizontal bar), inter-quartile range (box length), largest values within 1.5 x inter-
quartile range (whiskers) and all data points beyond the whiskers (open circles). ................... 98 

Figure 6.3. Chelonia mydas. Median duration of dives (panel a) and near-surface events 
between dives (panel b) was shorter by day (white bars) and longer by night (black bars) for all 
turtles except T26. The latter made no qualifying dives at night as it remained at depths <2m. 
With increasing sea temperature (grey triangles) durations tended to decrease, with the 
exception of diurnal near-surface events. Note left-hand Y-axes of panels a and b use different 
units. Dive depth (panel c) was greater by night, and night depth tended to increase with 
temperature................................................................................................................................ 99 

Figure 6.4. Chelonia mydas. Median duration of resting dives by green turtles showed both 
depth and temperature dependence. Pooled data for the 10 longest dives (inferred resting) by 
each of 19 study turtles were classified by depth and sea temperature (white bars 15-20ºC, grey 
bars 20-25ºC, black bars, 25-29ºC). Maximum duration (min) and number of dives in each 
category are indicated above bars. Line represents predicted dive duration for warm sea 
temperature derived from equation provided by Hays et al (2004) extrapolated beyond the 
original depth range and life-stage, hence this comparison must be regarded with caution. .. 100 

Figure 7.1: The study site was located in Moreton Bay, adjacent to the city and suburbs of 
Brisbane, the state capital of Queensland, Australia. Underwater habitat was surveyed within 
the red outline. Inset top right depicts deployment of a tether-attached Fastloc GPS tracking 
tag. This configuration facilitated optimal orientation of the Fastloc antenna while at the 
surface and enabled automatic detachment and subsequent retrieval of the equipment without 
recapturing the turtle. .............................................................................................................. 123 

Figure 7.2. Evaluation of Fastloc GPS (FGPS) and boat-based acoustic tracking. (a) Linear 
error determined in field tests, FGPS data categorised by number of satellites (sats) used to 
compute each location, acoustic tracking data categorised by observer-to-transmitter distance. 
Standard GPS error was also determined at the study site. Box plots show median (horizontal 
bar), inter-quartile range (box length), largest values within 1.5 x inter-quartile range 
(whiskers) and all data points beyond (circles) except for truncation of extreme FGPS errors. 
(b) For FGPS the proportional distribution of 4- to 8-satellite locations reflects relative 
efficiency of this system under different conditions, given that location accuracy is enhanced 
when higher numbers of satellites are used (Table 7.1). By this measure FGPS operation 
proved less efficient during live tracking (panels i & ii, comprising all locations for T25 & 
T28) than during stationary tests (panels iii to vi) while the difference between dry and wet 
tests was slight. FGPS operation was notably more efficient at night (grey bars) during tests 
and slightly more efficient at night during live tracking. ........................................................ 124 

Figure 7.3. Chelonia mydas. Short term activity ranges for the first 4.5 days of each tracking 
session varied with the different tracking methods, panels a, b, c. Screened locations and 
Minimum Convex Polygons are shown for each study turtle: T22 – triangles, blue lines; T25 - 
filled squares, green lines; T28 - open squares, red lines. Black areas depict land, grey areas 
depict drying shoals i.e. water depth ≤0 m at Lowest Astronomical Tide. ............................. 125 
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Figure 7.4: Chelonia mydas. Diurnal movement significantly exceeded nocturnal movement 
for all study turtles. The comparison was based on average rates of movement depicted by 
screened Fastloc GPS locations (for details see text 7.2.5 Data processing, screening and 
analysis) and covered the first 4.5 d of each turtle’s tracking session. Box plots show median 
(horizontal bar), inter-quartile range (box length), largest values within 1.5 x inter-quartile 
range (whiskers) and all data points beyond (open circles). ................................................... 126 

Figure 7.5: Chelonia mydas. Vagility of study turtles T22, T25, T28 recorded by Fastloc GPS 
showed significantly greater movement by day than by night. Tracks begin at release location 
R for each animal and show diversity of movements on subsequent days (D1 to D5, solid lines) 
and nights (N1 to N5, broken lines). ....................................................................................... 127 

Figure 7.6. Chelonia mydas. Activity centres recorded by Fastloc GPS locations were 
identified using 50% fixed kernel utilisation distributions with smoothing parameters 
determined by least squares cross validation. Activity centres at night (N) were less diverse 
and generally smaller than those by day (D). None of the study turtles repeatedly used the 
same pair of day and night areas although one individual used the same area on 4 successive 
nights (panel d)........................................................................................................................ 128 
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