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1 EXECUTIVE SUMMARY 

The Gnaraloo Turtle Conservation Program (GTCP) of the Gnaraloo Wilderness Foundation 

(GWF) is a scientific research and public outreach program that identifies, monitors and 

protects sea turtle rookeries along a 65 km stretch of beach at the southern end of the 

Ningaloo Reef at Gnaraloo, Western Australia (WA). Gnaraloo is now, along with Dirk Hartog 

Island, recognised as one of the two index beaches for the monitoring of loggerhead turtles in 

WA (Hamann 2013). 

In this document, we report on the first ever satellite tracking of loggerhead females that nest on 

the Gnaraloo coastline, a project that was undertaken by the GTCP during the sea turtle nesting 

season 2015/16. In total, sixteen females (average curved carapace length (CCL) = 96.32 cm; 

SD = 3.97; range = 88.5 – 100.5) from the Gnaraloo Bay Rookery (GBR) and the Gnaraloo 

Cape Farquhar Rookery (GCFR) were fitted with satellite trackers during December 2015 and 

January 2016. Six of the trackers failed to function correctly due to a software malfunction later 

identified by the manufacturer. The longest tracked turtle ‘Caretta’ broadcasted her geolocation 

for 404 days until 15 February 2017. The ten successful trackers averaged 237.4 days (n=10; SD 

= 95.63; range 103 - 404; median = 265.5).  

Seven individuals re-nested after the initial tagging event, with an average of 19.14 days after the 

first recorded nesting (SD = 2.41; range = 17 - 22). Six turtles were recorded nesting a third time 

and re-nesting periods were found to be shorter for every successive clutch (mean days = 16.17; 

SD = 2.32; range = 14 – 20). This was found to correlate with an increase in sea surface 

temperature during the inter-nesting period in each case. Fidelity to rookery was found to be not 

fixed, as one turtle used both the GBR and GCFR for nesting. 

The post-nesting migrations were completed to the turtles’ respective foraging grounds in a mean 

of 35.4 days (SD = 56.9; range = 5 – 183). The straight line distance covered was a mean of 725 

km (SD = 706.9; range = 157 – 2,281). Two main migratory directions were taken. Five tracked 

turtles moved south to foraging grounds around Shark Bay, migrating a distance between 157 – 

289 km (mean 231.8 km; SD = 57). The other five turtles travelled northwards and then east, and 

ended their journey between Onslow and Darwin on the Australian coast. The northerly turtles 

migrated a straight line distance of between 300 – 2,281 km (mean = 1,218.4; SD = 716.11) to 

reach their foraging grounds. It is to be noted however that the final foraging destination for the 

turtle ‘Marloo’ is in doubt. Although she began to settle into the typical small foraging pattern of 

movements in her last two weeks of life in Beagle Bay near Darwin, where she was located 

posthumously on Melville Island after her tracker indicated she had been on the beach for over 
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24 hours, the subsequent necropsy found no food in her crop or upper intestines, and those 

movements may reflect a listless partial drifting. 

Nine out of the ten tracked turtles migrated along coastal waters, however, the turtle ‘Marloo’ 

generated a unique migratory track, particularly when compared to the other four turtles that went 

north, who all travelled within 2 - 8 km off the Ningaloo coast for nearly 200 km. After heading 

northwards, Marloo stopped and went into Coral Bay for two days, and then she changed 

direction and headed west 200 km out into the Indian Ocean, then north and finally east across 

the Timor Sea. She was found dead and the subsequent necropsy indicated that she had 

sustained an amputation to the front left flipper which could explain the divergent and perhaps 

weaker swimming behaviour. 

The GWF collaborated with Brains during 2015/16 to develop and use a near real-time satellite 

tracking app for mobile phone and computer tablets to increase community engagement and 

public outreach. This app tapped directly into the ARGOS PTT Tracking Database in France. The 

GWF established a fundraising initiative (‘Name an endangered loggerhead turtle’) for the public 

and schools to name the turtles tagged at Gnaraloo during 2015/16. 

At the conclusion of the field season 2015/16, the GTCP developed and used a variety of 

communication and educational tools to engage the public in the findings of the satellite tracking 

project. This included presentations to 44 primary and high schools, 2 post-secondary institutions 

and 1 science fair in WA (including Carnarvon, Geraldton, Dongara, Bullsbrook, Harvey, 

Australind, Bunbury, Dardanup and Perth). The GTCP established a profile on Skype in the 

Classroom (Microsoft) to reach out to 5 schools located elsewhere in Australia and around the 

world. The GTCP researchers helped these audiences to set up and explore the Turtle Tracker 

App on their phone and computer devices (Figure 6). The GWF also promoted the satellite 

tracking project and the Turtle Tracker App on its website (www.gnaraloo.org) and the GTCP’s 

Facebook page.  

In conjunction with the CSIRO, the GWF developed a poster about the project for display at 

seminars, conferences and wide distribution to schools. 

This document complements the report: Hattingh, K., Thomson, J., Goldsmith, N., Nielsen, K., 

Green, A. & Do, M. (2016). Gnaraloo Turtle Conservation Program (GTCP). Gnaraloo Bay 

Rookery and Gnaraloo Cape Farquhar Rookery, Report 2015/16. Gnaraloo Wilderness 

Foundation, Western Australia, www.gnaraloo.org 

The data generated from this project is available to other researchers and programs, upon 

request to Karen Hattingh (GWF), for further collaborative analysis and research. 

http://www.gnaraloo.org/
http://www.gnaraloo.org/


 

 

File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 7 of 37 
 www.gnaraloo.org 

2 BACKGROUND 

2.1 Organisation and program overview 

The Gnaraloo Station Trust operates the Gnaraloo pastoral lease, which is located adjacent to 

the Ningaloo Marine Park, Ningaloo Coast World Heritage Area and Ningaloo Coast National 

Heritage Listed Area, approximately 1,100 km north of Perth, WA. It commenced the GTCP on-

ground in 2008. While nesting occurs in lower densities along much of the Gnaraloo coastline 

that has sandy beaches, the GTCP currently focuses on two high density turtle rookeries: 

namely, the GBR (6.7 km) and GCFR (7.1 km) where loggerhead turtles (Caretta caretta) are the 

primary nesting species, with green turtles (Chelonia mydas) also nesting, but infrequently.  

The Gnaraloo Station Trust also commenced the Gnaraloo Feral Animal Control Program 

(GFACP) in 2008 to control feral predators on turtle nests and hatchlings such as the European 

red fox (Vulpes vulpes), feral cats (Felis catus) and wild dogs (Canis dingo x Canis familiaris). 

The Gnaraloo Station Trust established the GWF on 12 January 2016 as the terrestrial and 

marine landscapes at Gnaraloo are also habitat to many flora and fauna other than endangered 

and threatened sea turtles. The area is a unique and rare remaining remnant of Australian 

wilderness. The aim of the GWF is to protect the native terrestrial and marine flora and fauna in, 

on and under the landscape at Gnaraloo for present and future generations. The Foundation is a 

separate legal entity to the Gnaraloo Station Trust. Its Charter can be viewed at 

www.gnaraloo.org. 

2.2 Loggerhead nesting in WA 

All known nesting by loggerhead turtles in the southeast Indian Ocean occurs in WA (Dodd 1988; 

Baldwin et al. 2003; Wallace et al. 2010). Primary nesting sites are located at Dirk Hartog Island, 

which is situated at the southern mouth of Shark Bay; the Muiron Islands offshore of Exmouth 

and on mainland beaches along the Ningaloo coast from Carnarvon to Exmouth. Dirk Hartog 

Island hosts approximately 70% of all nesting in WA, with an estimated 1,000 – 3,000 females 

nesting at this site annually (Baldwin et al. 2003; Limpus 2009; Reinhold and Whiting 2014). In 

terms of mainland rookeries, the GBR and GCFR at Gnaraloo represent one of the larger known 

and concentrated nesting aggregations on the Ningaloo coast.  

 

http://www.gnaraloo.org/
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2.3 Value of satellite telemetry 

Sea turtles are highly migratory and undertake complex movements throughout their entire life 

cycle (Wallace 2000). After commencing breeding, loggerhead females at Mon Repos 

(Queensland) return to and remain in their home foraging ground, for a mean period of 3.84 

years (range = 1 - 10) (Limpus 2009), before returning to their chosen nesting site close to their 

natal beach. The foraging grounds can be nearby to the coastal nesting beaches or up to 

thousands of kilometres away. This can pose significant problems regarding their conservation 

due to the animal’s ability to transgress multiple jurisdictions where variations in environmental 

conditions and lack of protection from anthropogenic threats (e.g. bycatch, pollution, harvesting) 

can impact their longevity. Government conservation should be viewed as a shared international 

responsibility as law and policies adopted by one country will be insufficient for conservation if no 

protection is given in countries where sea turtles migrate (Wilson 1999). Currently the foraging 

habitats of the Southeast Indian Ocean Management Unit are largely unstudied, except for the 

Eastern Gulf of Shark Bay (Heithaus et al. 2005) (Thomson et al. 2012). Although the other 

foraging habitats and the routes of travel to foraging habitats are largely unknown, flipper tag 

recoveries from loggerhead turtles tagged at Dirk Hartog Island and the Muiron Islands have 

identified a broad dispersal, ranging from the southwest through to Shark Bay in WA and all 

across Northern Australia to the Gulf of Carpentaria and to north of Java (Indonesia) (Hamann 

2013). Loggerhead sea turtles are known to exhibit high levels of fidelity to migratory routes and 

foraging areas, after successive breeding migrations (Broderick et al. 2007).  

The use of satellite telemetry enhances the understanding of sea turtle spatial ecology and 

provides insight into critical aggregation areas (Godley et al. 2008). Establishing significant 

migratory routes and destinations will enable targeted conservation management. 

2.4 Loggerhead tracking in WA 

Foraging studies 

Five trackers were deployed in Shark Bay, 200 km to the south of Gnaraloo, on three adult 

females and two adult male foraging loggerheads in 2003 (Wirsing et al. 2004). Fourteen 

trackers were deployed on both sexes of adult loggerheads of the resident foraging population in 

the Eastern Gulf of Shark Bay, where they are found in a 1:1 male to female ratio (Heithaus et al. 

2005). Nine trackers were deployed in Shark Bay on adult male foraging loggerheads in 2009 

(Olson 2012). 

Nesting studies 
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During the nesting season 2006/07, 9 trackers were deployed by the Department of Parks and 

Wildlife (WA) (DPaW) on post-nesting female loggerheads at Cape Range in the Ningaloo 

Marine Park. A preliminary report was published (Mau 2008) and these track maps can be seen 

on http://www.seaturtle.org/tracking/?project_id=265 

During the nesting season 2015/16, as well as the 10 trackers deployed and posted by Gnaraloo 

on http://www.seaturtle.org/tracking/?project_id=1149, 5 trackers were deployed at each of Dirk 

Hartog Island (see http://www.seaturtle.org/tracking/?project_id=1189) and South Muiron Island 

(http://www.seaturtle.org/tracking/?project_id=1188) in a collaborative project between Aubrey 

Strydom and DPaW, to give a whole of nesting range insight into the WA loggerheads.  

2.5 Project objectives 

The objectives of the GTCP’s satellite tracking project in 2015/16 of female loggerheads in the 

GBR and the GCFR were to: 

• assess clutch frequency of re-nesting turtles; 

• assess with-in season site-fidelity of re-nesting turtles; 

• record inter-nesting habitat and behaviour of re-nesting turtles; 

• after completion of their nesting activities, determine where the female loggerheads migrated; 

• map the migratory pathway(s) between the tagged female loggerheads’ nesting and home 

foraging sites; 

• identify the tagged female loggerheads’ home foraging sites; 

• widely communicate and share the project findings with Government agencies, turtle 

scientists, interested parties and the public. 

2.6 Outreach 

Education and community engagement lie at the heart of the GTCP. Positive and lasting 

conservation outcomes are intrinsically linked to public education and community involvement. 

An increase in community engagement and awareness benefit species through informing and 

changing views and the values placed on them. Therefore, education and community 

involvement is vital to protect sea turtles at a local, regional, national and international level.  

http://www.seaturtle.org/tracking/?project_id=265
http://www.seaturtle.org/tracking/?project_id=1149
http://www.seaturtle.org/tracking/?project_id=1189
http://www.seaturtle.org/tracking/?project_id=1188
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3 METHODOLOGY 

3.1 Approvals 

The satellite tracking project by the GTCP during 2015/16 was conducted under a Regulation 17 

licence issued by DPaW under the Wildlife Conservation Act 1950 (WA). 

3.2 Study sites 

The GBR Survey Area (-23.76708° S; 113.54584° E to -23.72195° S; 113.57750° E) is a 6.7 km 

long. The topography of the Gnaraloo Bay shoreline ranges from wide and flat, low-energy 

beaches at the southern end to narrow and steep, high-energy beaches backed by large, 

dynamic dune systems at the northern end. Vegetation is sparse, primarily comprising low-lying 

shrubs on or behind the dunes. The benthic habitat supports a coral reef system intermixed with 

sand-bottomed channels (Thomson et al. 2016). 

The GCFR Survey Area (-23.61336º S; 113.64379º E to -23.57697º S; 113.69828º E) is 7.1 km 

long and lies 22 km north of the GBR Survey Area. The coastline here ranges from shallow 

protected bays with fringing coral reef to dynamic beaches with rolling waves and steep rocky 

outcrops. 

3.3 Tagging 

During December 2015 and January 2016, sixteen female loggerhead sea turtles were randomly 

selected to be satellite tagged at Gnaraloo, ten individuals at GBR and six at GCFR (Table 1). 

When encountered, turtles were approached on foot and the nesting phase was determined 

using the standard approach techniques described in the Ningaloo ‘Turtle Watchers Code of 

Conduct’ (DPaW 2015), to not disturb their nesting behaviour, and the Standard Operating 

Procedure (SOP) No. 12.5. (DEC 2009). 

As a turtle finished nest covering and began moving toward the ocean, she was restrained and 

measured for two curved-carapace lengths (notch and extent) and curved carapace width. Skin 

biopsy samples were taken and two ‘Stockbrands’ titanium flipper tags in the DPaW series were 

applied immediately adjacent to the first scutes on the trailing edges of the front left and right 

flippers to allow re-identification of the animals if found stranded or if recaptured in later studies. 

These procedures were conducted according to SOP No. 12.5.  
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Table 1: Metadata for the female loggerhead turtles satellite tagged at Gnaraloo during 2015/16 

NO. NAME 
TAGGING 

DATE 
GNARALOO 
ROOKERY 

PTT 
TRACKER 

BRAND AND 
MODEL 

FLIPPER TAG BIOPSY 
CCL 
(cm) 

1 Hannah 01/12/2015 GBR 
148590 
Failed 1 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB3652 

R) WB3696 
AA55372 99.5 

2 Mrs Monster 02/12/2015 GBR 
148591 
Failed 2 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB1284 

R) WB1281 
AA55655 98.0 

3 Tione 02/12/2015 GBR 
148592 
Failed 3 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB1282 

R) WB1283 
AA55398 94.3 

4 Tanith 03/12/2015 GBR 
148593 
Failed 4 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB1285 

R) WB1286 
AA55927 99.5 

5 Nerine 03/12/2015 GBR 
148594 
Failed 5 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB1287 

R) WB1288 
AA55697 88.5 

6 Michelle 04/12/2015 GBR 
148595 
Failed 6 

Sirtrack ‘K2G’ 
Kiwisat 202 

L) WB4958 

R) WB4959 
AA55976 91.3 

7 NormAlex 05/12/2015 GCFR 148582 
Sirtrack ‘F4G’ 
Fastloc GPS 

L) WB4960 

R) WB4961 
F6851 98.5 

8 Gnarly 06/12/2015 GBR 148583 
Sirtrack ‘F4G’ 
ARGOS only 

L) WB4962 

R) WB4963 
AA55963 90.7 

9 Caretta 08/01/2016 GCFR 148597 
Sirtrack ‘F4G’ 
Fastloc GPS 

L) WB4970 

R) WB4971 
F6968 98.3 

10 Marloo 09/12/2015 GBR 157673 
Wildlife 

Computers 
‘Spot’ 

L) WB4964 

R) WB4965 
AA55056 93.9 

11 Gwoonwardu 09/12/2015 GBR 157674 
Wildlife 

Computers 
‘Spot’ 

L) WB4966 

R) WB4967 
AA55392 100.5 

12 Oceaneve 09/12/2015 GBR 157675 
Wildlife 

Computers 
‘Spot’ 

L) WB4968 

R) WB4969 
AA55955 97.5 

13 Eugenie 09/01/2016 GCFR 148589 
Sirtrack ‘F4G’ 
ARGOS only 

L) WB4972 

R) WB4973 
AA55564 91.5 

14 Tildy 09/01/2016 GCFR 148599 
Sirtrack ‘F4G’ 
ARGOS only 

L) WB4974 

R) WB4975 
AA55944 99.5 

15 Pulsy 10/01/2016 GCFR 148596 
Sirtrack ‘F4G’ 
Fastloc GPS 

L) WB4976 

R) WB4977 
F6835 99.3 

16 
Constance-
Winifred 

10/01/2016 GCFR 148598 
Sirtrack ‘F4G’ 
Fastloc GPS 

L) WB4978 

R) WB4979 
F6897 100.3 

New techniques for restraining the turtles had to be developed to meet the constraints of 
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scattered nesting over the 2 x 7 km long beaches which, due to GTCP protocols to protect 

nesting turtles from disturbance, and hatchlings’ passage to the water, is only accessible on foot. 

The traditional plywood restraining box is heavy and awkward to carry a long distance. The use 

of lightweight poles (namely broom and shovel handles) driven into the sand around the turtles 

had been successfully trialled during October 2014 and 2015 with green turtles on Fraser Island 

(Queensland). However, the difference in the sand texture, the pitch of the beach and the greater 

agility of the loggerheads meant that we had to constantly hold the poles in place which was 

onerous for the 4 - 5 hours needed to fit the tag and wait for the epoxy to set.  

For the last 10 turtles, we adapted the technique used for restraining flatback turtles (Natator 

depressus) to fit their harnesses by elevating them off the beach on a box. The thought was to lift 

the loggerheads too, so that they could not get traction with their flippers on the sand. We 

designed a restraining board and placed the turtle up on a large plastic box. We trialled a few 

models to harness the turtle onto the board and hold her steady with cam straps.  

The final model of the board was shaped from 10 ply structural pine board to provide a chin rest 

at the front and be as far under the plastron as possible at the front and back, to give no 

purchase to the flippers, and with two or four extensions: front, back and optionally centrally both 

sides with a hole at each end to accommodate a wooden pole driven through and into the sand 

to stabilize her. Slots were cut into the board at the front and rear to accommodate the 25 mm 

wide cam straps to harness her securely to the board, and by connecting the front and back 

straps on both sides with rope, she was not able to wriggle out of the cam straps. We found that 

we did need to restrain the flippers so that they did not rub against the edge of the board and cut 

her skin if she flapped her flippers about.  

The turtles quickly settled down into a tonic state and later when it was time for the release, after 

the straps were removed, they often needed to be patted on the flippers to wake them up. 

(Appendix: Photos 9 and 10).  

A mounting area of 400 mm x 400 mm on the upper carapace was cleaned and sanded by hand 

using scrapers and sandpaper to remove any barnacles and algal growth. The carapace was 

then washed with fresh water, then acetone and dried with cloths. The cool-curing 2-part epoxy 

glue ‘Powers Pure150’ was applied to the cleaned area and the satellite tracker which was then 

pressed into the glue. This epoxy glue (formerly branded as ‘Powerfast Plus’, then coloured grey) 

was also used in the Cape Range deployment (WA) (Mau 2008). It is used to prevent 

temperature-related injury to the animal, but the pay-off for its cool-curing means a longer time 

before it sets and turtle has to be held for a further four hours. On those occasions when a further 

hour was available before release (dictated by the GTCP protocol of a 8am release deadline to 
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avoid the sun heating up the turtles), a coat of ‘Velox Plus’ grey antifouling was applied on the 

epoxy and given an hour to dry. A few days prior to application, the transmitter itself was coated 

with the antifouling paint ‘PropSpeed’ to help reduce epibiont encrustation. Both antifouling types 

were found to have been ineffective when the tracker was recovered after the turtle Marloo’s 

death in August 2016 (Appendix: Photos 17 and 18). In the photo, the grey Velox antifouling on 

the epoxy can just be discerned behind the tracker and in places the transparent PropSpeed can 

be seen on the tracker where there are no growths. 

The satellite tags were programmed to transmit at a repetition rate of either 40 or 45 seconds 

when on the surface. The subsequent telemetry data was generated utilizing the Argos satellite 

Doppler GPS position calculations for all 10 trackers, as well as taking advantage of the higher 

resolution data collection capability for GPS co-ordinates from the four Sirtrack (New Zealand) 

Fastloc GPS enabled trackers and collecting the temperature and wet/dry data from the three 

WC ‘Spot’ trackers. 

The Sirtrack GPS trackers were programmed to sample Fastloc GPS location co-ordinates every 

time they surfaced and every 30 minutes when hauled-out (= continuously dry for more than 5 

minutes), which allows confirmation of the GPS co-ordinates on the beach as haul-out for nesting 

activity. 

The Wildlife Computers (United States of America) ‘Spot’ tags transmitted the current 

temperature as sea surface temperature (SST) with every ARGOS transmission. They created 

and transmitted % wet/dry histograms for each hour (which enables haul-out = nesting activity for 

these turtles). They also transmitted % Time at Temperature histograms over 2C degree 

increments from 12C to 32C for 4 x 6 hourly blocks each 24-hour, starting at midnight local time. 

If a turtle hauls-out two or more times a night, or nights in nights-in-a-row, the earlier haul-outs 

are taken as Unsuccessful Nesting Attempts and the final one as nesting. 

3.4 Outreach 

The GWF ran a public turtle naming initiative prior to development and launch of the new GTCP 

Turtle Tracker App for smartphones (‘Name an endangered loggerhead turtle’, 

www.youcaring.com). The purpose was for the public and schools to participate and be directly 

engaged with the tagging project. 

An advertising company (Brains, based in Sydney), in partnership with the GWF, developed an 

app for mobile phones and computer tablets called the GTCP Turtle Tracker App (Figure 6) to 

share the results of the project. The app was designed to use the ARGOS PTT satellite data to 

http://www.youcaring.com/
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track and display the movements of the 10 female loggerheads in near real-time throughout their 

journeys. This was made public and free for anyone to download using Apple Store or android 

downloads.  

The GTCP encouraged schools in person and via online forums to participate with its loggerhead 

tracking project via enquiry-based learning projects in the curriculum areas of environmental 

science and geography by students and teachers downloading the app, following the results of 

the turtles’ migration and including the turtles’ migratory journeys into class syllabi.  

The GTCP’s education and community engagement program also included a diverse suite of 

onsite and offsite activities such as:  

• presentations at Gnaraloo, primary and high schools, a science fair and other institutions in 

WA (in person) and around the world (via Skype in the Classroom, Microsoft); 

• community and school group participation in field surveys (both day and night) of turtle track 

and nesting activities; 

• media articles and social media.  

In partnership with CSIRO, the GWF developed an educational poster highlighting the journeys 

of the four northern-most turtles, including the circumstances of the deceased turtle ‘Marloo’. It 

was displayed at the ‘Natural World of the Kimberley’ Seminar (Western Australian Marine 

Science Institution and the Kimberley Society) in Perth on 15 October 2016 (Figure 1). 

The Bardi Jawa traditional owners were kept informed of the progress of the turtle Eugenie in 

their traditional sea country at Pender Bay. 

Knowledge sharing was undertaken with the scientific community and with various Government 

agencies. The GTCP sought technical advice from DPaW on establishing the Gnaraloo data on 

seaturtle.org. On behalf of DPaW, we inserted two flipper tags into each of the 16 turtles, and 

collected skin biopsy samples from each, for DPaW’s use in other ongoing research projects for 

DNA studies and stable isotope analysis. We presented the project’s findings to the Third 

Australian Sea Turtle Symposium in Darwin during 22 – 24 August 2016.   
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Figure 1: GWF Poster about Marloo’s journey, GTCP 2016/17  
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4 RESULTS 

4.1 Functionality of satellite tag units 

In total, 16 female loggerheads were tagged and released over the course of this study at 

Gnaraloo (mean CCL = 96.32 cm; SD = 3.97; range = 88.5 – 100.5). Ten Sirtrack ‘K2G’ Kiwisat 

202 trackers had been purchased for the project, but the first 6 deployed did not work correctly, 

with 2 failing completely on entry into the sea. The intermittent tracking data collected from the 

other 4 trackers has been excluded from this analysis, and deployment of the rest of this model 

tracker was discontinued on 5 December 2016. The 4 trackers were returned to the manufacturer 

who later identified the issue as faulty software associated with the saltwater switch. Two Sirtrack 

‘F4G’ model and 3 Wildlife Computers ‘Spot’ trackers were borrowed from another project and 

deployed between 5 - 9 December 2015.  

Three weeks later, Sirtrack sent replacement ‘F4G’ trackers, 5 of which were allocated to 

complete the Gnaraloo project. They were deployed during 8 - 11 January 2016. Upon 

deployment, 3 of the Sirtrack ‘F4G’ trackers were found initially to be operating on ARGOS only 

(one of them commenced sending GPS data three months later) and 2 operated correctly, both 

on the 45-second repetition rate for successful ARGOS fixes as well as collecting and 

transmitting Fastloc GPS fixes.  

These events and the associated month delay resulted in data loss of two or more re-nesting 

events, and associated inter-nesting intervals per tracker, and of information about habitat use 

and possible within-season changes of rookery for the second 5 turtles. Of the 5 later tagged 

Gnaraloo turtles, 3 were captured on their final nest for the season. However, an advantage was 

that 7 of the 10 replacement trackers were models that provided higher quality additional data (4 

of the 7 Sirtrack trackers provided accurate GPS fixes and haul-out indication and the 3 Wildlife 

Computers ‘Spot’ trackers provided temperature and wet/dry histograms). 

The final 10 successful trackers continued to transmit data consistently from release to their last 

known transmission. The longest tracked turtle ‘Caretta’ with a Sirtrack ‘F4G’ Fastloc GPS 

broadcasted her geolocation for 404 days until 15 February 2017. The 10 successful trackers 

averaged 237.4 days (n=10; SD = 95.63; range = 103 - 404; median = 265.5). 

4.2  Clutch frequency and fidelity to rookery 

Seven of the 10 tagged Gnaraloo turtles re-nested after the initial nesting when they were 



 

 

File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 17 of 37 
 www.gnaraloo.org 

tagged. Of these, 5 were tagged between 5 - 9 December 2015 and 2 during 8 - 11 January 

2016. Three of the females tagged in early January 2016 were on their final nesting and did not 

nest again.  

Six females were recorded nesting 3 times over the season. The average days between nesting 

for the first interval was 19.14 days (SD = 2.41; range = 17 – 22). Re-nesting periods were 

shorter for every successive clutch laid (mean = 16.17 days; SD = 2.32; range = 14 – 20) (Figure 

2). One female ‘Caretta’ re-nested once. 

 

Figure 2: Inter-nesting periods of 7 tagged Gnaraloo loggerhead turtles, GTCP 2015/16 

During the inter-nesting periods, all 7 re-nesting turtles remained in the near-shore region, either 

in the sheltered bays or within the fringing reefs. This contrasts with some other studies, where 

some turtles remained close in and others in the same rookery swam small oceanic loops during 

the inter-nesting periods (Rees 2010). While 6 turtles maintained fidelity to the initial rookery in 

which they were tagged, the turtle ‘Gwoonwardu’ after being tagged at the GBR, laid both her 

subsequent clutches at the GCFR, indicating there is some population overlap between the two 

rookeries at Gnaraloo. 

The SST increase recorded by 3 trackers at the time of ARGOS transmissions during the 

December 2015 inter-nesting period in the near-shore habitat was +0.69 C, +0.21 C and -0.33 C 

(n = 3, Mean = 0.19 C, SD = 0.51, range = -0.33 to +0.69), and +0.49 C 12 km offshore in the 
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SST data sourced from the Integrated Marine Observing System (IMOSF

1). 

4.3 Inter-nesting habitat and behaviour 

All 10 tagged Gnaraloo females remained close to or within the fringing reef after nesting and 

during the inter-nesting periods. The 7 tagged turtles who re-nested were reasonably sedentary. 

For example, refer to the turtle ‘Oceaneve’ fitted with the ARGOS-only tracker with temperature 

and wet/dry sensors (Map 1) and to the turtle ‘Normalex’ fitted with a Fastloc GPS tracker (Map 

2). 

Superficially it would appear that ‘Oceaneve’ nested at both the GBR and the GCFR, but with an 

ARGOS-only tracker, we would have to filter or examine the fixes for the large cluster of high 

quality Class 3, 2 or 1 fixes usually obtained when the tracker is out of the water for the hour or 

two when nesting occurs. However, with this tracker’s wet/dry sensor, we can tell that she did all 

her nesting at the GBR and spent her inter-nesting time in the water just off the GCFR. The 

actual area covered is much tighter than the inaccurate ARGOS 0, A and B fixes are indicating 

here (demonstrated by also spiking out over the land).  A Fastlock GPS tracker on ‘OceanEve’ 

would have given a precision of loci similar to that of ‘Normalex’.  

After nesting, ‘Normalex’ did 3 quick loops in 2 days (15 km, 13.5 km and then 6 km to the north) 

and then settled into 2 very small patches 400 m and 870 m off the beach in front of her first 

nest. She attempted 3 nights in a row before successfully nesting twice more along this 450 m 

stretch of beach, over the next month. ‘Normalex’s inter-nesting habitat was just offshore from 

her 3 known clutches.  

4.4 Post-nesting migrations and home foraging sites 

Foraging destination was ascertained for all the tagged Gnaraloo turtles, except the female 

‘Marloo’, defined as >10 days at a fixed locale, which for these animals was found to be a single 

small area 3 - 10 km in diameter, except for ‘Normalex’ who had two such locations just over 50 

km apart in the western gulf of Shark Bay. After her return to foraging, she moved between these 

two sites four times over the seven months of the tracker’s life during 24 January 2016 to 29 

August 2016. See the green lines (Map 4). 

Five turtles migrated north and five migrated south. There was no remarkable difference in size 

between the five turtles that went south and the five that went north from the Gnaraloo nesting 

                                                
1  http://imos.org.au/sstdata0.html 

http://imos.org.au/sstdata0.html
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beaches. The five indivuduals who went south all went to the subtropical Shark Bay region and 

had a median CCL of 98.3 cm (mean CCL = 97.26 cm, SD = 3.82, range = 90.7 - 100.3). The five 

who went north into the tropics had a median CCL of 98.5 cm (mean CCL = 96.74 cm, SD = 

3.85, range = 91.5 – 100.5). 

The tracked turtles initiated their post nesting migration between 1- 10 days after their final 

clutch, during January and February 2016, and 9 of the 10 tagged turtles reached their neritic 

foraging grounds (Map 3)2.  They migrated for a mean of 35.4 days (SD = 56.9; range = 5 – 183,  

Figure 3) to foraging grounds: 9 located within WA and 1 probably in the Northern Territory (NT).  

 

Figure 3: Duration of the migration to their foraging grounds of the Gnaraloo female 

loggerhead turtles, GTCP 2015/17 

The displacement varied between individuals with all the northerly migrations greater, and 4 of 

them significantly greater than the rest. The five individuals that had a southerly migration 

travelled a mean of 231.8 km (SD = 57.0; range = 186 – 289, Figure 4) compared to the 

northerly migrating turtles with a mean of 1,218.4 km (SD = 716.1; range = 300 – 2281, Figure 

5). 

                                                
2  As seen on the web www.seaturtle.org/tracking/?project_id=1149 
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Figure 4: Distances of the southward migrations of Gnaraloo female loggerhead turtles, 

GTCP 2015/17 

 

Figure 5: Distances of the northward migrations of Gnaraloo female loggerhead turtles, 

GTCP 2015/17 

0

500

1000

1500

2000

2500

Gnarly Eugenie Pulsy Marloo Gwoonwardu

N
o

rt
h

w
a
rd

 d
is

p
la

c
e
m

e
n

t 
(K

m
)



 

 

File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 21 of 37 
 www.gnaraloo.org 

The minimum average speed was calculated for each turtle by elucidating the distance of the 

total route taken with the ‘path’ function on Google Earth (rather than the straight line distance 

traveled or the recorded distances between each of the ARGOS fixes) divided by the number of 

days spent migrating to get km/h (mean = 1.38 km/h, SD = 0.32, range = 0.83 -1.75). 

4.5 A notable migration: the turtle ‘Marloo’ 

The turtle ‘Marloo’, who was tagged after nesting on 9 December 2015, re-nested twice before 

starting her migration northwards towards Coral Bay on 29 January 2016. She then made an 

unusual detour and headed into the pelagic zone of the Indian Ocean on 2 February 2016 (Map 

10). Once she left the continental shelf, she performed one clockwise loop, travelling out into the 

Indian Ocean and across the Timor Sea, and arrived in Beagle Bay (NT) on 28 July 2016.  

She appeared superficially to move into the foraging stage, spending 7 days from 15 - 22 August 

2016 along an 8 km area of coast on the southerly tip of Melville Island, but then moved 15 km 

northeast from there, and on 27 August 2016, we noticed that she had been 12 hours on the 

beach on Melville Island, about 75 km from Darwin harbor.  

We contacted the Marine Ecosystems, Flora and Fauna Division of the NT Department of Land 

Resource Management and its Marine Threatened Species Scientist. Together with a Parks and 

Wildlife Commission NT officer, and with the permission of the Tiwi Island traditional landowners, 

they flew out in a helicopter chartered by the Marine Sciences Division of DPaW (WA), and 

located ‘Marloo’ emaciated and freshly dead on the beach. She was collected and returned to 

Darwin where a necropsy was performed by the NT Government's Berrimah Veterinary 

Laboratory a couple of days later.  

Examination of ‘Marloo’s ovaries showed 2 – 3 mm diameter healed corpus luteum, indicating 

that she also nested in a prior season more than 2 years ago, and pre-vitellogenic follicles, 

showing that she would have bred again in a future season. Marloo also had atretic follicles – 

indicating the resorption of some of the current season's mature egg follicles - used to fuel longer 

migration to nesting by sea turtles. 

‘Marloo’ had lost half of her front left flipper sometime after being tagged at Gnaraloo. The 

necropsy found the injury well healed. The necropsy indicated that she had not commenced 

foraging as her crop was empty and her intestines devoid of recent food. 

See Appendix C 1 for ‘Marloo’s necropsy report by Berrimah Veterinary Laboratory, provided 

courtesy of the Department of Environment and Natural Resources (NT).   
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4.6 Communication activities 

4.6.1 Name an endangered loggerhead turtle initiative 

The GWF invited 65 schools in WA and 30 schools on the East coast of Australia to 

submit proposed names for the turtles to be tagged and tracked. The Gnaraloo turtle 

naming initiative was very successful with 48 schools participating. The wining turtle 

names were: NormAlex; Gnarly; Caretta; Marloo; Gwoonwardu; Oceaneve; Eugenie; 

Tildy; Pulsy and Constance-Winifred. 

4.6.2 GTCP Turtle Tracker App 

The GTCP Turtle Tracker App was launched during mid-December 2015 (Figure 6) and 

recorded 1,784 downloads. 

4.6.3 Seaturtle.org 

The GTCP also set up the Gnaraloo tagging project on seaturtle.org. Seaturtle.org 

automatically downloaded the ARGOS Doppler data fixes from each Gnaraloo tracker 

every few hours. The aim of participating with seaturtle.org was to freely share the project 

information with the scientific world and the public. To 30 June 2016, over 5,000 views 

were recorded of this project.  

The migratory movements of the 10 tagged Gnaraloo loggerhead turtles can be viewed 

on both the GTCP Turtle Tracker App on smartphones and on www.seaturtle.org3. 

  

                                                
3  http://www.wildlifetracking.org/?project_id=1149 

http://www.seaturtle.org/
http://www.wildlifetracking.org/?project_id=1149
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Figure 6: New Turtle Tracker App, GTCP 2015/16 

4.6.4 Presentations in WA and worldwide 

To 31 May 2016, the GTCP Field Research Team directly engaged with 3,846 persons in 

total in WA, United Kingdom, United States of America, Spain, India and Egypt. This was 

done partially onsite and offsite, including with the communities of Carnarvon, Geraldton, 

Dongara, Bullsbrook, Harvey, Australind, Bunbury, Dardanup and Perth. 

The GTCP Field Research Team gave onsite presentations at Gnaraloo, including about 

the tagging project, to 67 people during 2015/16. This included a group of students (ages 

11 – 13) and staff from the Gwoonwardu Bush Rangers in Carnarvon, who later 

submitted the name ‘Gwoonwardu’ for 1 of the 10 tagged Gnaraloo turtles. The others 

were guests from Gnaraloo, biologists and Government land managers such as DPaW. 
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Individuals came from 10 different countries4, the majority (44) being Australian, aged 

between 11 – 57 years.  

The GTCP Field Research Team gave offsite presentations during March – May 2016 at 

44 primary and high schools. These presentations directly reached 3,104 students and 

174 teachers. 

The GTCP Field Research Team also gave offsite presentations to post-secondary 

institutions (Murdoch University and Edith Cowan University) and to the Batavia Coast 

Maritime Institute / Durack Institute of Technology (total of 63 persons). The team 

participated with a SciTech Science Festival in WA. The festival was attended by an 

estimated 981 local students; 157 of which participated via the GTCP stall with the 

tagging project. 

The GTCP established a profile on Skype in the Classroom (Microsoft) and used 

YouTube to reach out to schools (5) located elsewhere in Australia and around the world, 

including United States of America, Spain, India and Egypt (total of 274 persons). It used 

YouTube to reach out to schools in the United Kingdom (7 persons). 

4.6.5 Media and social coverage 

The tagging project was featured in various media streams (including TV, print, online 

and radio) in WA, Australia and internationally during 2015/16. For example, ABC 

television and radio news crews attended Gnaraloo for interviews and filming during the 

tagging activities. For each media outlet and educational event, the GTCP developed and 

delivered specific scientific content for the target audiences. Through these activities, the 

schools in particular became personally invested in the well-being and progress made 

throughout the sea turtles’ journeys. 

Media coverage ranged from local and online newspapers; turtle, scientific, 

environmental and general interest websites; online science and news blogs; online 

encyclopedia; magazines; newsletters and journals. 

The GTCP also shared information about the project via its Facebook page5 and has 

over 3,000 followers. The GTCP also shared project information via Instagram, Twitter 

                                                
4  Namely, Australia, Canada, England, France, Germany, Ireland, Japan, Switzerland, United Kingdom, United States 

of America. 
5  https://www.facebook.com/gnaralooturtleconservationprogram 
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and YouTube. 

4.6.6 Poster for a nature conservation seminar 

The ‘Natural World of the Kimberley’ Seminar (Western Australian Marine Science 

Institution and the Kimberley Society) in Perth on 15 October 2016, where the GTCP 

displayed the project’s educational poster, was reached 130 people. 

The GTCP widely distributed the Gnaraloo tagging project poster to schools and other 

institutions during 2016/17. 

4.6.7 Presentation at a turtle symposium 

The Third Australian Sea Turtle Symposium in Darwin during August 2016, where the 

GTCP gave a presentation about the Gnaraloo tagging project, reached 100 people. The 

presentation summarized the migratory routes and foraging home ranges of 20 nesting 

loggerheads which were satellite tracked in WA during 2015/16: 10 females from 

Gnaraloo, 5 females from Dirk Hartog Island to the south and 5 females from South 

Muiron Island to the north of Gnaraloo (the latter two projects in further collaborative work 

between Aub Strydom and DPaW). 
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5 DISCUSSION  

The PTT lifespan for the scope of this project was sufficient to see 9 female turtles established back in 

their home ranges for some months, and the 10th to the end of her life. Of the 16 PPT deployed, only 

10 were functional for the duration of the project. The defective trackers failed due to a software 

malfunction later identified by Sirtrack. Fortunately, the replacement trackers provide a unique insight 

into elucidating the turtles’ nesting behavior, migratory patterns and foraging grounds of a previously 

understudied population (Hamann 2013).  

Inter-nesting habitat was identified for 7 of the 10 tagged individuals, with 6 re-nesting twice post tag 

deployment and 1 re-nesting once. Between nesting, they all used near shore waters, mostly inside 

the fringing reefs close to their nesting beach, and did not go more than 2 km offshore. An interesting 

finding in this study is that 1 of the 7 re-nesting loggerheads was shown to use both rookeries (GBR 

and GCFR), with the others maintaining fidelity to their rookery, namely the GBR. Inter-nesting 

intervals were shorter for every successive clutch, coinciding with a small seasonal increase in sea 

temperature, and consistent with other findings (Hays et al. 2002; Sato et al. 1998). Climate change is 

believed to be increasing sea surface temperatures world-wide. As the clutches laid per season is 

limited by the number of the follicles developed by a female loggerhead prior to the season beginning, 

and the number of follicles resorbed to fuel her migration, there will be an overall shortening of the 

total nesting season if temperatures continue to increase (Sato et al. 1998; Owen 1980). 

The majority of loggerhead turtle nesting in WA occurs on Dirk Hartog Island, located at the southern 

mouth of Shark Bay, approximately 200 km southwest of Gnaraloo Bay (Baldwin et al. 2003). An 

estimated minimum of 1,000 – 3,000 females nest here annually. However, the Gnaraloo rookeries 

may play an important role in the dynamics of the Southeast Indian Ocean Management Unit by 

acting as important population buffers in response to extreme events resulting in major nest loss at 

the primary nesting location (Thomson et al. 2016).  

There were two distinct post nesting movements to foraging grounds: half of the 10 tagged Gnaraloo 

turtles migrated south towards Shark Bay and the other half migrated north. Shark Bay is considered 

to be a significant foraging ground for loggerheads in WA. It provides relatively pristine habitat with 

minimal human influence, where turtles face greater shark related injuries than anthropogenic impacts 

(Heithaus et al. 2005). 

The spatial variation and scale of the post-nesting movements from Gnaraloo generated through 

satellite telemetry is consistent with other loggerhead nesting populations: sea turtles are known to 

travel up to thousands of km to reach their foraging grounds (Zbinden et al. 2007; Godley et al. 2003). 

Sea turtles demonstrate high fidelity to migratory corridors (Broderick 2007). Human induced mortality 
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has had major impacts on sea turtle populations around the world. A reduction of anthropogenic 

impacts throughout the pathways during migration periods may lead to improved sea turtle population 

numbers, and this can only start to be achieved if these pathways are identified. 

The migratory speeds of the tagged Gnaraloo turtles (average 1.38 km/h) are similar to those that 

have been recorded in other studies (Walllace et al. 2000; Zbinden et al. 2007). Although loggerheads 

can reach speeds in excess of 10km/h, it is highly unlikely that it can be sustained for long periods of 

time.  

Adult loggerhead turtles are mostly benthic invertebrate feeders (Bjorndal 1997) and do not forage 

during their nesting migrations. The loss of the front left flipper of the turtle ‘Marloo’ sometime after 

being tagged at Gnaraloo could explain the unusually circuitous and long migration towards her home 

foraging range - which she may not have yet reached when she was found dead on Melville Island 

(NT) during August 2016. With more skin biopsy sampling from other turtles over the next few years, 

the stable isotope analysis will help to identify the location of that home range - her intended 

destination.  

Phenotypically linked dichotomy in foraging strategies has been reported for adult loggerheads from 

Japan (Hatase et al. 2002) and the Cape Verde Islands (Hawkes et al. 2006). This was not the case 

with ‘Marloo’ as her crop was empty and her intestines devoid of recent food. It is suspected that she 

encountered a vessel or shark to sustain the injury resulting in the front left flipper amputation, and 

rather than choosing her atypical route, we believe that she partly drifted with the current and, with a 

lower propulsion efficiency, it meant that she travelled further into the pelagic ocean and took longer 

to get towards her home foraging ground. To further support this supposition, ‘Marloo’ demonstrated a 

lower than average speed of 0.84 kmh-1 when compared to the other turtles in this study. 

Of sampled clutches from the GBR, 86 % were found to contain multiple paternity, compared to 25 % 

at Bungelup Beach (Cape Range National Park) and 36 % at Dirk Hartog Island (Shark Bay) 

(Tedeschi 2014). At Mon Repos (Queensland), it was found to be 33 % (Harry 1988), similar to the 

sampled southern and northern WA rookeries. However, the Queensland male to female ratio in the 

foraging population is about 2:1, compared to the Shark Bay foragers at 1:1. The high figure for the 

GBR could point to a nearby undiscovered courting area. Annual opportunistic flipper and satellite 

tracking of, and skin biopsy samples from the mating loggerhead turtles which have been occasionally 

observed within the fringing reefs at Gnaraloo, will be valuable to gain insight into the home ranges of 

the male loggerhead turtles who are courting and to see if the courting females are at Gnaraloo also 

for nesting or just passing through.  
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While loggerheads are known to not congregate in great numbers adjacent to nesting beaches (Harry 

1988), we propose to infer similar behaviour for occasional loggerheads to the greens described by 

Dethmers as we did not find comparable research for loggerheads. Green males return to near their 

natal beach for courting, and some females migrating through from distant foraging grounds on their 

way to their natal nesting beaches mate with these males, providing a flow of genes across into their 

own natal beaches (Dethmers 2006). Gnaraloo is about halfway or 200 km from the 2 major 

loggerhead rookeries in WA (being Dirk Hartog Island to the south and the Muiron Islands group to 

the north), and so is in a position for the local males to service passing females heading to both of 

these rookeries, and provide some of the gene flow between the southern and northern populations. 
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6 CONCLUSION 

This document reports the first satellite telemetry study on the interesting habitat, re-nesting intervals, 

rookery fidelity, migratory pathways and foraging destinations of loggerhead turtles nesting within the 

GBR and the GCFR survey areas, a part of the Southeastern Indian Ocean population. This use of 

satellite telemetry on the GBR and GCFR sea turtles has elucidated key insights into nesting and 

foraging behaviour within WA’s loggerhead population. 

Satellite telemetry was used to assess the connectivity between the two rookeries at Gnaraloo and 

determined that there was an overlap between them, with one of the seven tagged female which re-

nested, nesting at both sites. The successively shorter inter-nesting periods between clutches as the 

SST increased is consistent with other loggerhead studies. 

The migratory corridors were mostly neritic and half of the 10 tagged loggerhead females went south 

to the well described foraging grounds at Shark Bay, and the other half to lesser known sites across 

the western and central tropics of northern Australia. These results suggest that these two regions 

represent the main foraging areas for this part of the Southeastern Indian Ocean population, but more 

satellite telemetry in future seasons are recommended to consolidate this and to clarify the more 

remote and distant outlying foraging areas used by these turtles, only some of which have been 

identified by flipper tag recoveries, mostly in areas where traditional and commercial harvesting, and 

fishery by catch has taken them. 

Further analysis of the available Gnaraloo data 

The annual population estimates for Gnaraloo since the inception of the GTCP in 2008 have been 

based on re-nesting interval data from other studies, which will be biased by local SST conditions, 

and local clutch frequency, which if using only nocturnal recapture data, may be significantly 

underestimated (Tucker 2010). There is the opportunity to refine these estimates for Gnaraloo by 

developing a better model for predicted re-nesting intervals specific to Gnaraloo’s rookeries 

progressively during each of the past and for the future seasons as the SST changes during the 

season. By analyzing the temperature histogram data obtained from the 3 temperature sensor 

enabled trackers used during 2015/16, a better estimate of the temperature of the inshore inter-

nesting habitat used by the turtles will be made. By correlating this to the closest offshore SST pixel 

available from IMOS, and then using this pixel as the baseline from the historical IMOS SST data over 

the previous seasons, it will be possible to estimate the progressive re-nesting intervals for each 

season at Gnaraloo. This refined estimate will still be dependent on total clutch frequency data from 

other studies until a larger sample of early nesting Gnaraloo turtles are satellite tracked during future 

seasons, to clarify the mean number of clutches by turtles using the Gnaraloo rookeries.  
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Recommendation for repeat satellite tracking in a future season 

Follow-up satellite tracking studies in future are strongly recommended on the nesting Gnaraloo 

turtles at the very start of the season in early to mid-November, to capture animals coming in for their 

first nest for the season. 

Use of high quality trackers that are Fastloc GPS enabled and have temperature and depth sensors 

will enable an expansion of the initial insights gained into rookery fidelity, inter-nesting habitat, re-

nesting intervals, migratory routes and the foraging home ranges of the Gnaraloo loggerheads.  

Combined with the more accurate estimates of clutch frequency gained, a refinement of the proposed 

model of SST driven re-nesting intervals with the larger sample thus obtained will enable more robust 

estimates of the population size of the two Gnaraloo rookeries. 
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7 GLOSSARY 

Clutch All of the eggs deposited in a single Nest. 

Clutch frequency Number of clutches laid per year by an individual female. 

GBR Survey Area The present designated area for surveys within the GBR by the 

GTCP. Specifically between GBN and BP9 (inclusive of sub-

sections BP7 and BP8). 

GCFR Survey Area The present designated area for surveys within the GCFR by the 

GTCP. Specifically between GRS and GLN (inclusive of sub-

section GFR). 

Inter-nesting The period of time between a successful Nest and the next 

nesting attempt. Sea turtles of all species lay several clutches of 

eggs during a nesting season. 

Rookery A breeding area for a large number of animals. 

Unsuccessful Nesting Attempt A nesting attempt during which the turtle does not deposit any 

eggs, but there is evidence of digging. 

http://www.seaturtle.org/glossary/index.shtml?term=nest
http://www.seaturtle.org/glossary/index.shtml?term=nest
http://www.seaturtle.org/glossary/index.shtml?term=species
http://www.seaturtle.org/glossary/index.shtml?term=clutch
http://www.seaturtle.org/glossary/index.shtml?term=nest
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8 ABBREVIATIONS 

BP7 Beach Point 7 (-23.75001º S; 113.56871º E). 

BP8 Beach Point 8 (-23.73631º S; 113.57448º E). 

BP9 Beach Point 9 (-23.72195º S; 113.57750º E). 

CALM Department of Conservation and Land Management – now 

DPaW. 

CCL Curved carapace length. 

CSIRO Commonwealth Scientific and Industrial Research Organisation. 

DEC Department of Environment and Conservation – now DPaW. 

DPaW Department of Parks and Wildlife, Western Australia. 

GBN Gnaraloo Bay North (-23.76708º S, 113.54584º E). 

GBR Gnaraloo Bay Rookery, Western Australia. 

GCFR Gnaraloo Cape Farquhar Rookery, Western Australia. 

GFACP Gnaraloo Feral Animal Control Program (2008 – 2015). 

GFR Gnaraloo Farquhar Runway (-23.59641º S; 113.66083º E). 

GLN Gnaraloo Lagoon North (-23.57697º S; 113.69828º E). 

GPS Global Positioning System. 

GRS Gnaraloo Runway South (-23.61336º S; 113.64379º E). 

GTCP Gnaraloo Turtle Conservation Program, Western Australia. 

GTCP Field Research Team The seasonal GTCP Program Assistant and scientific Interns. 

GTCP season The standard GTCP monitoring period from 1st November 

each year to 28th February the following year. 

GWF Gnaraloo Wilderness Foundation, Western Australia. 
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IMOS Integrated Marine Observing System (an Australian 

Commonwealth-funded body initiating and co-ordinating marine 

studies and data sharing). 

Km Kilometre. 

kmh-1 Kilometre per hour 

M Metre. 

Mm Millimetre. 

NMP Ningaloo Marine Park, Western Australia. 

NTP Ningaloo Turtle Program, Exmouth, Western Australia. 

PTT Platform Transmitter Terminal. 

SOP Standard Operating Procedure. 

SST Sea surface temperature. 

WA Western Australia. 
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APPENDIX A: PHOTO PLATES 

1. Tagged turtle ‘Hannah’ at Gnaraloo, 01/12/2015, GTCP 2015/16 

2. Tagged turtle ‘Mrs Monster’ at Gnaraloo, 02/12/2015, GTCP 2015/16 

3. Tagged turtle ‘Tione’ at Gnaraloo, 02/12/2015, GTCP 2015/16 

4. Tagged turtle ‘Tanith’ at Gnaraloo, 03/12/2015, GTCP 2015/16 

5. Tagged turtle ‘Nerine’ at Gnaraloo, 03/12/2015, GTCP 2015/16 

6. Tagged turtle ‘Michelle’ at Gnaraloo, 04/12/2015, GTCP 2015/16 

7. Tagged turtle ‘NormAlex’ at Gnaraloo, 05/12/2015, GTCP 2015/16 

8. Tagged turtle ‘Gnarly’ at Gnaraloo, 06/12/2015, GTCP 2015/16 

9. Tagged turtle ‘Caretta’ at Gnaraloo, 08/12/2015, GTCP 2015/16 

10. Tagged turtle ‘Marloo’ at Gnaraloo, 09/12/2015, GTCP 2015/16 

11. Tagged turtle ‘Gwoonwardu’ at Gnaraloo, 09/12/2015, GTCP 2015/16 

12. Tagged turtle ‘OceanEve’ at Gnaraloo, 09/12/2015, GTCP 2015/16 

13. Tagged turtle ‘Eugenie’ at Gnaraloo, 09/12/2015, GTCP 2015/16 

14. Tagged turtle ‘Tildy’ at Gnaraloo, 09/12/2015, GTCP 2015/16 

15. Tagged turtle ‘Pulsy’ at Gnaraloo, 10/12/2015, GTCP 2015/16 

16. Tagged turtle ‘Constance-Winifred’ at Gnaraloo, 10/12/2015, GTCP 2015/16 

17. Marloo’s PTT tracker before 8.5 months at sea, GTCP 2015/16 

18. Marloo’s PTT tracker after 8.5 months at sea, GTCP 2015/17 
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Photo 1: Tagged turtle ‘Hannah’ at Gnaraloo, 01/12/2015, 
GTCP 2015/16 

Photo 2: Tagged turtle ‘Mrs Monster’ at Gnaraloo, 
02/12/2015, GTCP 2015/16 

 
Photo 3: Tagged turtle ‘Tione’ at Gnaraloo, 02/12/2015, 

GTCP 2015/16 

Photo 4: Tagged turtle ‘Tanith’ at Gnaraloo, 03/12/2015, 
GTCP 2015/16 

Photo 5: Tagged turtle ‘Nerine’ at Gnaraloo, 03/12/2015, 
GTCP 2015/16 

Photo 6: Tagged turtle ‘Michelle’ at Gnaraloo, 
04/12/2015, GTCP 2015/16 
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Photo 7: Tagged turtle ‘NormAlex’ at Gnaraloo, 05/12/2015, 
GTCP 2015/16 

Photo 8: Tagged turtle ‘Gnarly’ at Gnaraloo, 06/12/2015, 
GTCP 2015/16 

 
Photo 9: Tagged turtle ‘Caretta’ at Gnaraloo, 

08/12/2015, GTCP 2015/16 

Photo 10: Tagged turtle ‘Marloo’ at Gnaraloo, 09/12/2015, 
GTCP 2015/16 

Photo 11: Tagged turtle ‘Gwoonwardu’ at Gnaraloo, 
09/12/2015, GTCP 2015/16 

 
Photo 12: Tagged turtle ‘OceanEve’ at Gnaraloo, 
09/12/2015, GTCP 2015/16 
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Photo 13: Tagged turtle ‘Eugenie’ at Gnaraloo, 09/12/2015, 
GTCP 2015/16 

 
Photo 14: Tagged turtle ‘Tildy’ at Gnaraloo, 09/12/2015, 

GTCP 2015/16 

 
Photo 15: Tagged turtle ‘Pulsy’ at Gnaraloo, 10/12/2015, 

GTCP 2015/16 

 
Photo 16: Tagged turtle ‘Constance-Winifred’ at Gnaraloo, 

10/12/2015, GTCP 2015/16 

 
Photo 17: Marloo’s PTT tracker before 8.5 months at sea 

GTCP 2015/16 

 
Photo 18: Marloo’s PTT tracker after 8.5 months at sea, 

GTCP 2015/17 
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APPENDIX B: MAPS 

1. Inter-nesting habitat and behaviour of the tracked turtle ‘Oceaneve’, GTCP 

2015/16 

2. Inter-nesting habitat and behaviour of the tracked turtle ‘Normalex’, GTCP 

2015/16 

3. Migration routes of the 10 female loggerheads tracked from their Gnaraloo 

nesting grounds, GTCP 2015/17 

4. Foraging grounds at Shark Bay (WA) of the 5 southerly migrating female 

loggerheads, GTCP 2015/16 

5. Foraging grounds along north western Australian coast of the 5 northerly 

migrating female loggerheads, GTCP 2015/17 

6. Tracked turtle ‘Eugenie’ reaching her foraging grounds, GTCP 2015/16 

7. Tracked turtle ‘Pulsy’ reaching her foraging grounds, GTCP 2015/16 

8. Tracked turtle ‘Marloo’ leaving the nesting beach at Gnaraloo, GTCP 2015/16 

9. Final position of ‘Marloo’ at Melville Island (Northern Territory), GTCP 2015/17 

10. Scope of the tracked turtle ‘Marloo’s’ journey, GTCP 2015/17 
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Map 1: Inter-nesting habitat and behaviour of the tracked turtle ‘Oceaneve’, GTCP 2015/16 
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Map 2:  Inter-nesting habitat and behaviour of the tracked turtle ‘Normalex’, GTCP 2015/16  
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Map 3: Migration routes of the 10 female loggerheads tracked from their Gnaraloo nesting 

grounds, GTCP 2015/17  

Map courtesy of www.seaturle.org 
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Map 4: Foraging grounds at Shark Bay (WA) of the 5 southerly migrating female 

loggerheads, GTCP 2015/16  
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Map 5: Foraging grounds along north western Australian coast of the 5 northerly migrating 

female loggerheads, GTCP 2015/17 

Map 6: Tracked turtle ‘Eugenie’ reaching her foraging grounds, GTCP 2015/16 
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Map 7: Tracked turtle ‘Pulsy’ reaching her foraging grounds, GTCP 2015/16 

Map 8: Tracked turtle ‘Marloo’ leaving the nesting beach at Gnaraloo, GTCP 2015/16 
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Map 9: Final position of ‘Marloo’ at Melville Island (Northern Territory), GTCP 2015/17

Map 10: Scope of the tracked turtle ‘Marloo’s journey, GTCP 2015/17 
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APPENDIX C: TURTLE ‘MARLOO’S NECROPSY 

REPORT 

Appendix C 1 
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