_gnhara|oo wilderness féuncl'q‘h'on

Gnaraloo Bay Rookery
Gnaraloo Cape Farguhar Rookery

Satellite tracking of 10 post-nesting loggerheads:
Where did they go?

Report 2015/17

www.gnaraloo.org

Bl Gnaraloo Turtle Conservation Program - Gnaraloo Wilderness Foundation




jnqr‘a‘loa wilderness féuncl’aﬁ'on

gharajoo

This report may be cited as:

Strydom, A., Hattingh, K. and Green, A. (2017). Gnaraloo Turtle Conservation Program (GTCP).
Gnaraloo Bay Rookery and Gnaraloo Cape Farquhar Rookery. Satellite tracking of 10 post-nesting
loggerheads: Where did they go? Report 2015/17. 13 June 2017. Gnaraloo Wilderness Foundation,

Western Australia, www.gnaraloo.org
Dates in the report concern the Australian fiscal calendar which is annually from 1 July — 30 June.
The Gnaraloo Wilderness Foundation acknowledges and thanks:

The Gnaraloo Station Trust and the Richardson family in Australia, Northern Ireland and the United
Kingdom for the GTCP 2008/09 — 2016/17.

Gnaraloo Station staff.
The GTCP scientific team 2015/16 (onsite and offsite).
Volunteer turtle handlers: Peter Richard Koch, Silverio Mascarenhas de Oliveira and Paul Konstantelos.
Soundwave Nomad Productions.
Brains.
The Global Digital Learning Strategy Team, Microsoft.

Funding from the Australian Government’s National Landcare Program and the previous Caring for our
Country: Target Area Grants for the GTCP 2013/14 — 2016/17.

CSIRO Oceans & Atmosphere, Indian Ocean Marine Research.
Department of Parks and Wildlife, Western Australia.

Department of Environment and Natural Resources and Berrimah Veterinary Laboratory, Northern

Territory
Cover photo © Dof Dickinson, Brains, 2015.
Design by Claire Guillaume. Formatting by Alistair Green.

Copyright © 2017 Gnaraloo Wilderness Foundation. All rights reserved. The report may be
duplicated, copied and reproduced provided that the Gnaraloo Wilderness Foundation and
authors are always acknowledged in writing in such materials and dealings. Questions may be

directed to aub.strydom@ugconnect.edu.au and enviro@gnaraloo.com.au

File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 2 of 37
www.gnaraloo.org


mailto:aub.strydom@uqconnect.edu.au
mailto:enviro@gnaraloo.com.au

thr‘aloo wilderness Fél.lh‘lrﬂ‘rl.oh.

gharaloo

CONTENTS

EXECUTIVE SUMMARY ..o 5
BACKGROUND ... 7
2.1 Organisation and program OVEIVIEW ......cccccceeiiieiiiiiiiiieeeeeeeeaiiiaee e e e e e e eeraeaaa e eaes 7
2.2 Loggerhead Nesting iN WA ... ..o 7
2.3 Value of satellite tElEMELIY ...uuii e 8
2.4 Loggerhead tracking iN WA ......oooiiiiiiiieeeeeeeee e 8
2.5 ProJECT ODJECHIVES ...uui e 9
P2 T @ U 4 Y- T o 9
METHODOLOGY ... .ccoiiiiiiiiiiiiinissssssssssssssssss s s s s s s s s s s s s s s s s s s s snnn s 10
L AP PIOVAIS .ttt 10
T2 (U o LY ] 1 (== PSSR 10
TR I = To o [ 0 Lo [P TP T TSP T TP PP TTTPRTRPPTRRTRRN 10
I O LU} = T 13
[ =] U I R 16
4.1 Functionality of satellite tag UNITS...........uuuuiuiiiiiiiiiiiiiiiiiiiiiiiiiieeiiieeeeeeeeeaes 16
4.2 Clutch frequency and fidelity t0 rOOKEIY .....coovviiiiiiiiieeieccee e 16
4.3 Inter-nesting habitat and Dehaviour ... 18
4.4 Post-nesting migrations and home foraging SiteS........cccccvvieeeiiiiiiiiiiiiiieeen e, 18
4.5 A notable migration: the turtle ‘Marloo’ ..................ccccviiiiiiiiiiiiiiiie 21
4.6 COMMUNICAION ACTIVITIES ..uvuviiiiriiiiiiiiiiiiiiiiiiiiiiteieeeeeeaeeeeeeeeeseeseeeesseeneennnennnnnnnnnnes 22
4.6.1 Name an endangered loggerhead turtle initiative ...........cccccvvvvvvviiiiiiiennnn. 22
4.6.2 GTCP Turtle TraCKer AP ....ceeeeeeiiiiiiiiiieiiiiiiieeeieeeee ettt 22
TG ST 1 (0 [ 1 [T (o [ PUPPSPPRR 22
4.6.4 Presentations in WA and wWorldwide ..............couuiiiiiiiiiiiiiiiiiiee e, 23
4.6.5 Media and SOCial COVEIAQE........c.covuriiiii e 24
4.6.6 Poster for a nature conservation SEMINAC ............ccuvviiiiiiiiiiieiiiiiiiieeeeeeeeeeee 25
4.6.7 Presentation at a turtle SYmMpOSIUM .....cccooeeiiiiiiiiiiiin e 25
DISCUSSION.......ccccccccrrrrrrr s s s s s s s s s s e s s e e s e e e e e e e e e e e e s e e e e e e s e e s e e e e e e e e e nnnnnnnas 26
CONGCLUSION ... oo ccceceee e eee e e e e e e e e e e e e e e e s e e s e e e s e e e e s s e s e s e e sesserasaasasasaessasaassssssssnnssnsnnnnnnnnnnnnnns 29
GLOS S ARY ...ttt e et e e e e e e —— e e e ———————e———eeeeeete—eta—————————tttretenrannn——————————. 31
ABBREVIATIONS ........oosnsnnsnssssssssnsnssssssssssssssssssssssssssssssssssssnsssnsssnnsnssnsnnnnnnn 32
L = ] 0 34
File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017,Page 3 of 39

www.gnaraloo.org



thra’loo wilderness féunJaTion

gharajoo

TABLES
Table 1:

FIGURES
Figure 1:
Figure 2:
Figure 3:

Metadata for the female loggerhead turtles satellite tagged at Gnaraloo during
B2 0 L I TP 11

GWF Poster about Marloo’s journey, GTCP 2016/17 .......ccccoeeevviiiiiiiiiiieeeeeeiins 15
Inter-nesting periods of 7 tagged Gnaraloo loggerhead turtles, GTCP 2015/16 17
Duration of the migration to their foraging grounds of the Gnaraloo female

loggerhead turtles, GTCP 2015/17........ccoooviiiiiiiiiiiie 19
Figure 4:  Distances of the southward migrations of Gnaraloo female loggerhead turtles,
L O e 1 Y B PP 20
Figure 5:  Distances of the northward migrations of Gnaraloo female loggerhead turtles,
L O 0 1 Y B PP 20
Figure 6:  New Turtle Tracker App, GTCP 2015/16.........cccucieiiieeieiiiiiiiee e 23
APPENDICES
APPENIX A: PROIO PIALES .....eni e e et s e e e e e e e e e et e s e e e e e aaanees 2
F Y o] 01T a1 ot = 1Y F= T 1 SSPPPPPRPRIN 6
Appendix C: Turtle ‘Marlo0’s NECIOPSY FEPOIT.......uuuiiii i e e e 14
File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 4 of 37

www.gnaraloo.org



thr‘c{loo wilderness féund'aﬁ'on

gharajoo

1 EXECUTIVE SUMMARY

The Gnaraloo Turtle Conservation Program (GTCP) of the Gnaraloo Wilderness Foundation
(GWEF) 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
GWEF established a fundraising initiative (‘Name an endangered loggerhead turtle’) for the public

and schools to nhame 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 Farguhar 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.
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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.
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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:

e assess clutch frequency of re-nesting turtles;

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

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

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

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

foraging sites;
o identify the tagged female loggerheads’ home foraging sites;

e 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.
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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 (-23.61336° S; 113.64379° E to -23.57697° S; 113.69828°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

TRACKER
NO. NAME TAGGING | GNARALOO PTT | BRANDAND | FLIPPER TAG | Biopsy | SCt
DATE ROOKERY (cm)
MODEL
148590 Sirtrack ‘K2G’ L) WB3652
1 Hannah 01/12/2015 GBR Failed 1 Kiwisat 202 R) WB3696 AAB5372 99.5
148591 Sirtrack ‘K2G’ L) WB1284
2 Mrs Monster 02/12/2015 GBR Failed 2 Kiwisat 202 R) WB1281 AAB5655 98.0
: 148592 Sirtrack ‘K2G’ L) WB1282
3 Tione 02/12/2015 GBR Failed 3 Kiwisat 202 R) WB1283 AA55398 94.3
: 148593 Sirtrack ‘K2G’ L) WB1285
4 Tanith 03/12/2015 GBR Failed 4 Kiwisat 202 R) WB1286 AAB5927 99.5
N 148594 Sirtrack ‘K2G’ L) wB1287
5 Nerine 03/12/2015 GBR Failed 5 Kiwisat 202 R) WB1288 AA55697 88.5
; 148595 Sirtrack ‘K2G’ L) WB4958
6 Michelle 04/12/2015 GBR Failed 6 Kiwisat 202 R) WB4959 AAB5976 91.3
Sirtrack ‘FAG’ L) WB4960
7 NormAlex 05/12/2015 GCFR 148582 Fastloc GPS R) WB4961 F6851 98.5
Sirtrack ‘FAG’ L) WB4962
8 Gnarly 06/12/2015 GBR 148583 ARGOS only R) WB4963 AA55963 90.7
Sirtrack ‘F4G’ L) WB4970
9 Caretta 08/01/2016 GCFR 148597 Fastloc GPS R) WB4971 F6968 98.3
Wildlife
10 Marloo 09/12/2015 GBR 157673 Computers L) WB4964 AA55056 93.9
Spot R) WB4965
pot
Wildlife
11 Gwoonwardu 09/12/2015 GBR 157674 Computers L) WBA4966 AA55392 | 100.5
'Spot R) WB4967
Wildlife
12 Oceaneve 09/12/2015 GBR 157675 Computers L) WB4968 AAB5955 | 97.5
Spot R) WB4969
pot
; Sirtrack ‘FAG’ L) WB4972
13 Eugenie 09/01/2016 GCFR 148589 ARGOS only R) WB4973 AA55564 91.5
i Sirtrack ‘FAG’ L) WB4974
14 Tildy 09/01/2016 GCFR 148599 ARGOS only R) WB4975 AA55944 99.5
Sirtrack ‘F4G’ L) WB4976
15 Pulsy 10/01/2016 GCFR 148596 Fastloc GPS R) WB4977 F6835 99.3
Constance- Sirtrack ‘F4G’ L) WB4978
16 | Winifred 10/01/2016 GCFR 148598 | Tasoc GPS | R)wmag7e | 0097 | 1003

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 Purel50’ 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
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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:

e 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);

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

and nesting activities;
e 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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Marloo’s Journey

n FL Oirk Slaw rski (CS)

In August 2016, a loggerhead turtle named Marloo washed up on Melville Island, Northern Territory.
She had died from malnutrition. Her journey to the NT from Gnaraloo in Western Australia was an unusual one.

Not your normal trip

Maros veas one of ten fomale leggerhaad turtles that were satellite tracked from Cnaraloo
Bay and Gnaraloo Cape Farguhar. atout 80km south of Comal Bay, by the Gnaraloo Wilderness
Foundation & part of its selontific turtle ressarch program wihich has bean in place since 2006

Har eplc oumay of about 5970 kilometres [Fiqure 18] which endad 'with her doath, was nat
typicyl oF the poethe taken (Figure 10] by the other four fernales trackosd north from the twao
Cnaraloo turtie rookeries. who travelled closa to share whan rounding the narthveast cormer of
Western Australia at Cape Range - Exmouth on their way to their home Sraging grounds whers
thay arrvad batvaean miks Fabeuary and aary March 2016

After losing more than half of her front left flipper. probaboy near her Gramlco Bay nesting
Beach Marco wes takan wall ofhera by & local curment [Fgus 1A Now ajuned, and with
reduced flippar propulzon during her jcurney. she veens theough teo edd es - sze the north-
westecly deniations in her rack between 27 Febiruary - 27 March 2016, and 27 March - 27 Agxil
206 - which pushsd har evnn luthar offstam (Figua 18]

Other Shua e bt SLgoestas that marine 1nles do not eat durdng sithar leq of thalr nesting Migration, and Marlod's necropsy ravaake No aod in
her crop or upper intestetes. with a smsll smount of mstenal including see urchin spires in the bovel. possibly there from prior o hee migration

L 2016 1o 1he Kimberay Coast alter thak migration fram their restng
pegin replenishing ther cody and fat rezerves Marko's extra fourmontrscf swimmng
ay A Meant 1hat she was 120 wiak 10 commancs o 3 wihen she arived 81 the southern and of tha Tivi Idands in Beagle Bay [NT)] at the
eond of July 2016 Har necropsy after her death a month izter at ho end of August 2016 found no fat left stored In her bedy.

The Gnaraloo Turtle Conservation Prog s satellite tracking project highlights the importance of the near shore regions along the northwest of
WA, Including the Kimberiey Coast, as part of the foraging range of the nesting WA leggerheads, whare thay faad anvaraus macrs invarebrates
that throse bare like ses cucurnbers shellfish snd crustasceans.

Theew of the ten tracked Gnar. y fernadas had raturned by tha and of Mar
grounds further south at Cnarakoo [Figure 1G] Theyware able

naraloo
* "‘"*“‘ i&j @ ilderness

o [l TR «?W‘l” Fwnd-f-»-

00 Crerdon Tty Cormrartnn SYoguam  saevmanduocsty s rendsaos e ard o

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
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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.
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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 (IMOS?).
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
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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).
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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

File name: 170613_ReportSatTagGTCP1517 All_0.docx 13 June 2017, Page 19 of 37
www.gnaraloo.org


http://www.seaturtle.org/tracking/?project_id=1149

jha_rﬁ'lod' wilderness fbund'qﬁon

jnara‘cm

SEA TURTLE CONSERVATION

E 50 gnaraloo wilderness foundalion
¥}
S thr'aloo
: 300 SEA TURTLE CONSERVATION
E
-
= 250
[~
@
&
2 200
]
&
=1 150
E
£ 100
5
+]
7]
50
0
NomAlex Caretta Constance Oceaneve
Winifred

Figure 4: Distances of the southward migrations of Gnaraloo female loggerhead turtles,

GTCP 2015/17
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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 for ‘Marloo’s necropsy report by Berrimah Veterinary Laboratory, provided

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

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



jh«re’loo wilderness féunJaTa'on

gharajoo

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.org?.

3 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 countries*, 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 page® 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/gnaralooturtieconservationprogram
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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 10" 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-* 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
Clutch frequency

GBR Survey Area

GCFR Survey Area

Inter-nesting

Rookery

Unsuccessful Nesting Attempt

All of the eggs deposited in a single Nest.
Number of clutches laid per year by an individual female.

The present designated area for surveys within the GBR by the
GTCP. Specifically between GBN and BP9 (inclusive of sub-
sections BP7 and BP8).

The present designated area for surveys within the GCFR by the
GTCP. Specifically between GRS and GLN (inclusive of sub-
section GFR).

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.
A breeding area for a large number of animals.

A nesting attempt during which the turtle does not deposit any

eggs, but there is evidence of digging.
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8 ABBREVIATIONS

BP7

BP8

BP9

CALM

CCL

CSIRO

DEC

DPaw

GBN

GBR

GCFR

GFACP

GFR

GLN

GPS

GRS

GTCP

GTCP Field Research Team

GTCP season

GWF

Beach Point 7 (-23.75001° S; 113.56871° E).
Beach Point 8 (-23.73631° S; 113.57448° E).
Beach Point 9 (-23.72195° S; 113.57750° E).

Department of Conservation and Land Management — now
DPaW.

Curved carapace length.

Commonwealth Scientific and Industrial Research Organisation.
Department of Environment and Conservation — now DPaW.
Department of Parks and Wildlife, Western Australia.
Gnaraloo Bay North (-23.76708° S, 113.54584° E).
Gnaraloo Bay Rookery, Western Australia.

Gnaraloo Cape Farquhar Rookery, Western Australia.
Gnaraloo Feral Animal Control Program (2008 — 2015).
Gnaraloo Farquhar Runway (-23.59641° S; 113.66083° E).
Gnaraloo Lagoon North (-23.57697° S; 113.69828° E).
Global Positioning System.

Gnaraloo Runway South (-23.61336° S; 113.64379° E).
Gnaraloo Turtle Conservation Program, Western Australia.
The seasonal GTCP Program Assistant and scientific Interns.

The standard GTCP monitoring period from 1st November

each year to 28th February the following year.

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, W estern 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, Photo 2: Tagged turtle ‘Mrs Monster’ at Gnaraloo, Photo 3: Tagged turtle ‘Tione’ at Gnaraloo, 02/12/2015,
GTCP 2015/16 02/12/2015, GTCP 2015/16 GTCP 2015/16

Photo 4: Tagged turtle ‘Tanith’ at Gnaraloo, 03/12/2015, Photo 5: Tagged turtle ‘Nerine’ at Gnaraloo, 03/12/2015, Photo 6: Tagged turtle ‘Michelle’ at Gnaraloo,
GTCP 2015/16 GTCP 2015/16 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, Photo 14: Tagged turtle ‘Tildy’ at Gnaraloo, 09/12/2015, Photo 15: Tagged turtle ‘Pulsy’ at Gnaraloo, 10/12/2015,
GTCP 2015/16 GTCP 2015/16 GTCP 2015/16

R

Photo 16: Tagged turtle ‘Constance-Winifred’ at Gnaraloo, Photo 17: Marloo’s PTT tracker before 8.5 months at sea Photo 18: Marloo’s PTT tracker after 8.5 months at sea,
10/12/2015, GTCP 2015/16 GTCP 2015/16 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
Tracked turtle ‘Eugenie’ reaching her foraging grounds, GTCP 2015/16
Tracked turtle ‘Pulsy’ reaching her foraging grounds, GTCP 2015/16
Tracked turtle ‘Marloo’ leaving the nesting beach at Gnaraloo, GTCP 2015/16
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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Western Australian Loggerheads - Gnaraloo Station 2015-2016
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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
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Map 6: Tracked turtle ‘Eugenie’ reaching her foraging grounds, GTCP 2015/16
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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 ‘MARLOQO’S NECROPSY
REPORT
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Department of Primary Industry and Resources

Berrimah Veterinary Laboratories

IPUSIAL ADDHESY CENSMAL 1e=CE 10N FHONE: 08 83582245 LELIVENY ALOHESY
GFO Box 2000 25 Makagen Roed
Darvin NT 0801 Fax C8 85582024 Semiman  NT 0228

20160358 FINAL Regort Versicn: 1 Print Date: Q314002015
Aooscclon number:  Z01S502ES Property/Losaticn/Clinie detads: T ALT (MELVILLE ISLAND)
EVL 3AN: BI0S1T Property Id Code (FICK THOGES2
Animal Ownmer: Mahviie siand - Loc 11.8285; 131.11682
Date ooliected: 2306216 - Dais rocalved: 3108201E °
Submitter: Ms. Rachal Grocm
NTG Fhome: C905E1347S
Fac
Emal: rachelgrcom@rtgovau
Animal Type: TURTLE Common name:  N/A
Ereed: NA 3olentific name: NA
fox: Femae Age: 0 Mature NLIE Tag
Duty Pathologict for thic cace: Khran Oyrting Departmant Contaot Officer: Dr. Elzabeth St2dman

Roporic To:  M's. Racrel Groom

Case History: 20160355

One mature wid Loggerhasd turtie, Caveta carena, carcass was submitied for post morem sxaminaton isie In the
aft=moon of ZXDR/Z016. The submiter requasiad the Yacker and & range of cthar sampies 10 be saved for research
Furcase.

Pathology: 20160855

Animal ID: Turtle Epecimen: Body
Groce Pathalogy

This was the carcass cf the mature, female, Logoernesd turte, Cearetra caretta, weighed sporcadmanely 55 k9 {
calcuaied by subtractng gross weight fom weights of ectronic tracker, chalns of hoist, the biue tarp and duct tape )
Cther morphometric messurements were as isted.

Carapace jength (curved): 31 cm

Carapace iength (straigh?): S5.5 om

Carapace width (curved) 81 cm

Carapace width (straightyc 85 cm

Puastron lengtn: 0.4 cm

Prastron width: S€ om

Piastron 1o tali tip (rom postericr plastron): 1€.5 om

A NAIA Accradies Lebonsory FOc-Inis
NATA Numzer 12838
N Azzredind fo complmece win (SDIGEC1T0IE - Texsng
. Tha documert 3t nct e regroduces socept n UL
." RN © NATL 320recatan Coad N SOART TR e DATEIVANCe of s a1, Fape 1016
o TERRORY
‘. - DO
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Pathology: 20160355

Piastron 10 went (fom posterior plastren): 41 cm
Head jangth: 20.4 cm
Heas widh: 13 cm

Centficaticn

Altachad Sghiy cmio the midine of $he carapace crarisly there was a device approximately ScmxSomxZ ocmwin
an amerna abcut 15 om long [elecronic tracer). The tracker had been fixad in place by red-colowred epoxy gloe which
covered sppecodmanely 10% of the carapace surface. Removal of the racker and dried epaxy glue revesied no spparent
camage to the underying scutes or intemal bony structure cf the carspace. (Submiter had remcoved fipper tags from
forelimbs before carcass submissicn.)

Carcass concitcn
The carcass conditicn was fair (degree of decomposition was about 3 out of a scale of €). There was no signifcant gas
release on Incision inte the plastron and e intemal crgans were genaraly Intact

Nugriticon! condBion

The nutrisonal condition of the turtie was very pocr. It was emadaied with dehpdraton. Eoth eyes were markedly
sunken Info the &ye sockats. The clastron was surken, concave and plisbie. The scutes cf the clastron of the ventral
midine seam cid nct meet tightly s'ong the midine but nelc togeter by thick comnactive tssus which was more
prorcunced cranialy. (The distance betamen the soutes aicnd e midine seam ranpad frcm 1 cm cranaly to 3.4 om
caucally ) intemaly in the plastren, the bamy projecions on the medial edpes of e hyopasron and hypcplasron
could sasiy be paipated as sharp projections. Trere were smal amounts of musding and subctanacus %t associstad
with e Imds and plaston. The skeietal muscies were gensraity paie and fabby (marked muscie atroghy). The
visceral =t was dark greenisn grey with 2 walery consistency (marked serous arophy of fa7).

Exsermal conciten
The entre extemal surtace of the carapace was coversd in dried sigss that nad obscured &1 Te scutes. n sdaiton,
trere were ganeraly low rumbers of goosenack bamacies and szom barnacies alisched cn the carspace and plastron

The caudoisteral part of e carapgace over the right Rind Imb was missing. This defact was half ovs In shape, with e
widest point at the most Isteral edpe of the carapace, about 22 om icng by 12 cmdesp to the lateral edpe. The edges
of the gefect were sSmocth and rcunded (Cid and healed wound) and there was no penatating weund Into the cosiomic
cavity. On the rest of the carapace superficialy, there were about hal a dozen randomiy scatiered Inear scratch
marks, ranging ¥om 2 om 10 15 om iong by abcut 2 mm deep. There was no disruption to the underying bony structurs
of the carapace

The |22 front tipper had been amputated cistaly at the level of the fisst carpel jont. It was estmated that approdmatiey
30 om of tne distal Tipper was missing. The and of this amputaiad limb had healad and compietely covered In scin
There was nc evidence of infacticn or inflammation In e undertying bone.

Ecth e left hind %oct and the right nind foct had a ceep, 441 thickness, reistvaly lange wedge- shaps defect distally,
sporcxdmately & om deep %0 the adge oy 5.5 om aicn) e adge and 4 o deep to e adge by 12 cm slong the edpe
respectively. The acges of bot defects were generaly smcoth and rounded with nc evidence cf nflammaion cr
nfacticn, bt the norral rudder-shape outing of both kind feet had Deen destroyed. ( Both Rachal and Aud commeniad
werbaty that the right =t lagicn was caused by ertangied shing Ine which had been removed when this turtie was
sean nesting late last yesr)

Iotemal Andinos

In the muscle of e laft pacioral gidie, Tere was an approximately 1 cm circulsr, sighty recdensd, deprassad focus
with 3 sharply demarcated central yeliowtsh broan recrolic centre which was abouwt 3 mm desp. This focus of necrosis
was ety caused by cirect bamy trauma from cne of the madisl bony projactions on e rignt medial hycplasyon when
apcosed (s & resulk of emaciation and lack of soft Hssue cushioning Tere).

In the respiratcry ¥ract, the lumen of the entire raches and lower slreays In 7e lungs cortaned a lape amourt of
stadie foam, Indicating severe Affuse pulmcnary cedema . Soth lungs were difusetly greyish drown. In the scoft ¥ssue of
e mediastirum near the racheal bifurcation, there was 8 mils hasmomhage.
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Pathology: 20160355

In the pericardial sac, there was 8 moderate amount, sbcut S0 mi, of Clear reddish brown fiuld. In the americr ventricie
of the heart, naar the basa of the pulmcnary trunk at the free acge of 8 sectal endocarcium (probably of cavum
venasum), there was 8 1 cndiameter by 2 mm area of fssus thickening which was yaliontsh, ¥arsiucent and
MyXCMELCUS Wit Smcoth cutine (2 see comment). Adnering loosely alsenhers on the endocardium of the ventrice
and stium, there were several vemalodes, sbout 1 mm vace by 4 mm long, presumptive SEpbrorchid fukes, however,
here were no associsted damages in the heart or major biood vessels.

The thyroid gland was large, about 3 om In damater by € om ion, sighly nodular, cranpe-trown, Yansiucent and
Qelsinous on out surface

In the cosiom cavity, there was s lape amount, abcut 3 L, of dark brownish green flulc. The mesantery apgesred to be
wisted and wrapping around e colon, howaves, the mesenteric bicod vessels or the Intestngl sercssl bicod vessals
were not engomed, there was no adhesicn and the bwist cculd eashy be reducad upan remaoval of the gastroimeastnal
tact. Thase addional cbservations supcoriad the st In the mesantery was an post-moriem artefact. Elie mbtiton
Was present along the langth of the gastroimiestinal tract, part of e Iver and mesantery (post-mortem changes).

The Iver was diffusely dark beownish purple, Anm, smalier than ncoval with sharp edges (Iver atrophy). Trhe gail biacder
wes engorad by & lange amount of dark green, sighty viscous bie.

The spiesn appeared normal apart from several randomly scatiered small, about 1 mm In diameter, sightly rasac
spots, presumptive granulomaious responses to Sgkorchid 2gps. In he nesry mesartery, there were 3 accesscry
spieens about 0.5 cm to 1 cm in clameter. Smiarly here were 8 few dark spcts In the scoessory spieens,

The tangue, oral cavly and oesophagus were unremarkable The stomach and upper intestine was empty . The laspe
nisstice was extenced by 8 mederate amount of gas and & small amount of te stalned fuld (past-mortem changes).
The lower imestine, colcn and rectum, comainad a smai %0 moderate amcunt of crushad calcarecus srels, a faw ses
wchin spines and scme unidentfied socnpe-ike material

The kidney surface was midy difusaly congestad. The urnary bisdder did not contaln urine but e mucosa had a
smail amourt of yeloaish brown mucus, mid patechiss and s few casely amachad unidentifed tremaiodes,
spercadmatety 2 mm wide by 3 mm kng.

Ecth ovaries had numernus dark gresnish atretc folicies, genemaly < 2 om in dameter, s'cng with rumerous small
yelowisr~uriie corpus sibicars, atbout 1 to 2 mm in dameter. The presence of corpus albicans Indicated the turtie had
nested previousy. The oviducts were norval

The train and eyes were nct examinad

Qrocs provicional clagnocic
« Emacistion
s Denhydration

s Severe sculs difuss culronary oadema

« Difiuse thyrold nyperpiasia (colicis goter)

s Mubligie oid Injuries resuiad In missing body parts Inchuding entire left front fipcer, part of left and right hind feet
and part of left caudoisteral carapace

s Mid focy subacute muscie nacrosis In tne left pacioes gircie

s Mid mixed parasiic trematcde infactions (oresumptive Sgiorchid Diood flukes In heart and an unidentfied fuks In
urinary biaddes) mith presumptive grandomas in e spieen dus to Epirorchid eggs

» Focsl endccarciopatiy, dubicus (2 see comment telow)

Commeant

The turtie carcass had been stcred In the coid room untd post-mortem examination was conducted in the moming of 34
J3E201€. Necropsy was parformed Oy Ktman Dyring and Ayrial Harburn, In the presence of Racheal Groom (
Depgartmeant of Land Resource Manapement) and |an Bel (Quearsiand Degartment of Emvironment and Herkage
Frotection) winc assisted In coliecting sampies and 1aking pioiures %or research purposes.
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Pathology: 20160355

The immediate cause of desth of this turtie was savere pulmonary cedama which was fkaly resutad from ferming!
heart falure fom exhaustion and hypovcisemia (dehydraticn).

The turtie was emacisted which was evidenced by marked muscie atrophy, sercus atrcghy of f=t, bver atrcgiy and
perraps cvarian atreohy, alfincugh the latier (ovary condifon) could aiso be sfiacied by seasonalty. The focus of
muscie necresis in e left peciorsl grdie was likely seccndary 1o emaciation. The excessive fuld accumulstions in the
cosicmic cavity and the epicardial S8 could be & combinaticn of makrutrison (hypoproteineemia) and post-martem
sutciysis. This turte had concurrant mutipie Realed but sgnificant Injuries. Most impcrtantly the missing left front
fipger blade and the misshapad hind f2et would have afected ¥ne normal swimming bahaviow and hurling abity cf ths
turte, especialy If &l these happened before the tute had sufficient tme to adapt 1o each of the Infuries . Apart from
e Injury In the right hind f2et (with entanged 9shing Ine which had been removed iale iast year), the causes cf ofer
oid Injuries were unknown. The enlarged thyrcic gland In this case could be a response 1o Rypofunction of tne gland
seccndary 10 chronic debitaticn or Iness. The brain and eyes were not xaminad as the research f=2am requasied
e enre haad fo e retumad

Arange of $ssue samgies, Induding the cubious Reart iesion (), have been collected and preserved %cr histopathoiogy
0 100K for undertying microscopic disease processes, sthough the state of moderate to severe carcass autolysis
would affect inlerpretation of indings. Further testing, such as microdioiogy, Wil be conducted on other siored tssue
sampies ¥ indicated. Of Sarton (Department of Primary Industry and Fisheries) Is assisting with parasite dentficston.

The electronic tracker, cried epaxy glue, skin samgies, one humerus, epbicnt samples, intestinal coments, cvaries
and the hesd were colieched for e research team for further examinagon.

Pathology: 20160355

Animal ID:  Turtie Specimen:  Necropsy Tissues
Hictopathology

Tissuss e In moderaie o severe auldlysis. Tissues examined nCude sieletal musce, =t Iver, spieen, pancress,
heart, large artery, ung, thyroid gland, kidney, urinary bindcer, ovary, Ovicuct, stomach, smal inlestine, large ntestine
and spinal cord.

Skaiatal mustie (3 sactons)
Diffusely e damaters of the muscie fores are genaraly very smal (generalised severe musoudiar atrophy) with no
asscomied Iniammation o peripheral neurcoathy. Tha focus of musce necrosis In the le® pectoral girdie noted grossty
was necrotc dssue surrounded by many granuiocytes with lesser numbars of nisgocytes and fbrobiasts. Gram stan
tallad 10 ravesl bacleris. (However, tha number of Rfitrating granuiosytes appasrad to be |n excess of normal muscie
nesing resporse. suggestive of [ocal granuiccyle chamotsclic rescorse such as dus to transient bacieral Infecticn or
bacierial toxin)

Fa (1 secticn):
Diffusely e adipocytes are generally smail with [RSe fat vacucias but prominent round nuciel . There Is no infammatory
response but there are moderate 10 Iane rumbders of residem melsnomacrophages.

Uver (2 secrtions):

Diffusey, the hepstccyies are smail (strogy) and comtain low % moderate amcunt of fine brown Cytopiasmic pigment
which ks Perl's stan posiive (hasmesiderin) in the hapatic sinusoids, there are mary Kup®er ‘s cels contaking
stundart grandar darc-brown Cytoplasmic pigment which s sisc Pert's staln cositve (raemosidernin). Trere Is no
nfiammatcry resporse

Epieen (3 sectiors):

Multfozaly there is modersie numbers of wel-encapsulsted graruloma containing many yelicwish-brown, anguiar,
trick-aaiad Spirorchild trematode 2ggs (Epkrorchid granuioma). In the parenchyms difusely, there are many
macrophages comaining sbundsnt granuar dark-trown cyloplasmic pigment which s Per's stan posiive (

haemosiderin).
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Pathology: 20180855

Fancraas (1 saction):
Diffusely fre =xocrine pancreshc soinar calls are smaill and dio not Feyve discamibis cytoplasmic Zymogen grarules
Randomiy, Tans e 8 few well-ancepsulesbed Epiorchid granulomas

Thgrokd gland [2 sactons):

The tyroid Solicies are gansmly wary large and disl=nded with & l5ge amount of Romogensous soxinopnlic Hymokd
coloid, hcaveveer, the follcular cais sre low cuboldal {Inactse). Agart from & fesy small focd of mild infirabon of
macrophages conisining yeloaisr-orown fine CropiEsmic pigment {presumothve Ipofescin or oanokd lpopigrmend radeiad
o mdvancing mge), e ks no Infammeiony raspones.

Large ar=ry icarolid orsubdsddan, 2 sedions):

In both sechions, the imtimal s s eegpionally cedemaboes with moderake inoresase In c=luiaity [ndmeal by perpiesis).
In one section, sxtensing from the Indma b the meds fere i 8 Socus of moderste 10 sevene granulocyic Inflammation
with & few muitnuci=sted giant cxils ard fizrin deposiion.

Heart (4 zectionsy

Il the wesculsr spaces |n S nyocand o, fhere ane vary scossional Eplmrctid tremabods apps i nll o gensraily
mild Inflssnmetory regponse. The dubious focus of “endocssdiopsthy” nobed grossly ks confinmed fo be &n @rea of noma
carimginous structune with modanshe smiount of Extrace s metre

Ling {4 sectors]:
Thars |s moderahs Sffuss wescular congastion . A5 In the naard, thess ane @ foy Sprorchild aggs sssocisbed with
ganemly ni 1o miid inflammatony mesponss,

Eldmiey 1 sechion):
Thars |5 paichy vasculer congestion As i the meart and lung, thans ane g faw Spircrchild apgs assockatsd with
penemiy mid iInfammzhory responss

Lirinary bdsdder (1 saciion]):

WMulfocaly there s veny mid perhvascular lymphoh stocytic infitation snd sca®ered very mild hasmomhage. (The
urbdartited Imtaumingl remestcdes did not couss signifoent inflammatory respanse ) A 0 the kidney e ses o feg
Epirorchid apgs axsocisted with gareraly mid ieflammatcry respanss.

Etomach {1 secion) and Imestine {7 sechons):
YVukfocaly sxtending #om the [aming oropris to the s=mosa, thens mre mikd b modente v ancapsol miead Solnzncnild
grarulomas. The mucoss ks siougined fHus o sutchysis) and could not be ssgpanged

Owary {1 secton]
Thars e pavarsy) gieefc folichas et are infitreied wits fosmy macrophages, several noral looking small soliclas snd
s collagenous corpus albkcan with mild minsrsitzetion.

Owiduct {1 sechon]
Thars Is no spacHc finding.

Epinal cod {penvical, 1 section)c
Thars Is no spacHc finding.

Histologloal diagnosic

v Sipsiatal pusche: Bavees diftuse muscular stopty; Incidental focal chronkc ppogranulomaioes necrofaing myosts
«  Fak Difuse sercies atrophy of St

v Liwmr DFfuss heoaboyss stophy; Modemis Fepsic hesmoside ol

«  Jpiesn: Moderate splenic hasmosidenosls, Wulfooal moderate Eplmrchld =0 granuioms

«  Fancrass: DFuss deniston of Zymogen granuies in ssooins panoresbc oels

«  Tryrod gland: Diffuse quisscant coloid gotlsr

«  Antery: Focal subacuis moderste pyopranulomabous endarertis
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SEA TURTLE CONSERVATION

Patnology: 20160855

ean: Muitfozal mid Egirororid egg granuams

Lung Muliiocs mikd Spirorchis egp granuioma

Kidney and uringry bisgder: Mulsfocsl mid Spkorchid egg orandoms
Siomach ana imestnes: Mutfocal mid 1o modernsie Spirerchid eg) grarulonte

..

Commants

There are N0 undertying MOOSCoRic 032838 LIOCESSEs, SUCH 83 SE08S, cverameiming Infammation or necplase.
However, inere are compeing nistoicgical evidences that the turtie In s case su¥ered from marked generalsed
fasUe wasung (Mustular strophy, SerDus atrophy of 1ot atrophy of Repanccylies and reduced Zymegen granuies in
exolring pancreatic cels) consisient with emacalion caused by severe manutrtion and stanvation. As noted Qrossy,
e condbion was mast prodably resuiied from severe priysical debisticn from the muitgie Imb inuries. The tvyrod
gland was enlarged Dot quescent ingizating ™e gland was n hypohncson siste. Spienic and repasc haemosderosis
nJdicated Inere was iron sequesation. Bt Cranpes were [ikey sezondary 10 cheonic linesses reisted 10 malnutriten
and starvaon

Inthe lung. the lack of eosincghiic fUlg In the icwer arspaces INdiCates I1e pUMOnary dedema noled Qrossly was ow-
protein pulvanary cecema. There is no pneumcnis. There are o foamy marcghages (n e arspaces 10 sujgest
chronic reart flore Tre pumonary cedems noted Qrossly was confrmed to be acute and was 8 lermingl inding.

Epkorchid egg grandomas were found In varicus tissues, but ey were aeh-encapsuaied and oid Aot appear 1o nave
affected normal Bssue functicns, There vas @ folal sibacute endalerils, suspecied 1o De Inficied by Inalumingl
Eporchia vematodes (8 few of Ihese parasiies were found In 17 heart grossiy), but there 'was no associsted
Prombosis or vascuar rugiure % suppest compromised cardiovastuler function The Eplrorchid trematode burden was
generly consiiered moderate, probably win Imited cinice significance

Case Summary: 20160855
31 Acg 10 2 2ep 2018 Interm gross Incings wese clscussed verbaly and via emall excnanges.

19 Bep 2016 Imerim report-1. Note wetten Gross Indngs and comments, Hstoparciogy is penaing
03 Oct 2016: Fingl report-1, Note Histopathoiogy Nindings and tomments,
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