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Abstract 

Habitat destruction and human exploitation has caused major declines in global sea turtle populations, 

resulting in six out of the seven species of sea turtles being classified as endangered or critically 

endangered by the International Union for the Conservation of Nature (IUCN). Extensive research has 

been undertaken on sea turtle nesting, breeding structure and abundance, migration and threats. 

However, little detailed information is available within the literature on sea turtle nesting behaviour, 

movement patterns and habitat usage within southern peripheral habitat limits of eastern Australia. 

This study investigates sea turtle ecology within the southern peripheral habitat limits on the east coast 

of Australia, Gold Coast region. The study focuses on the green, Chelonia mydas and loggerhead, 

Caretta caretta turtles, two species known to utilise the marine habitats of the Gold Coast Broadwater, 

South Stradbroke Island (SSI) and Cook Island (NSW) complex.  The research quantified aspects of 

the nesting behaviour, movement patterns, habitat availability and usage, with a specific focus on the 

extensive seagrass meadows of the Gold Coast Broadwater.  Seagrass habitats within the Broadwater 

were mapped in 2008 using aerial photography revealing that meadows cover 1208 ha within the Gold 

Coast Broadwater, an increase of 347 ha since 1987.  Overall, 166 seagrass patches were mapped 

ranging in size from 0.25 ha to 124.4 ha with a mean size of 7.3 ± 15.9 ha.  Despite the increase in the 

total seagrass extent, there was a significant decline in the mean patch size of seagrass meadows 

between 1987 and 2005. Despite the importance of seagrass meadows for turtles as foraging areas, the 

meadows in the Broadwater appeared to be poorly utilised by turtles.  There were few observations of 

turtles in these habitats with turtles being associated more with man-made rock walls and submerged 

reef habitats.  Furthermore, turtles tracked during this study did not seem to venture extensively into 

these seagrass habitats and juveniles in particular appeared to maintain relatively small home ranges.  

There was a gradual increase in sea turtle nesting events on SSI between 2003 and 2010 but the total 

number of nesting events is still markedly lower than that in more established mainland and island 

rookeries in Queensland.  The increase in turtle nesting on SSI in recent years and the likelihood of 

these nests producing predominantly male hatchlings, due to temperatures being below the pivotal 
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temperature, may be important for climate change resilience.  Six green turtles were fitted with 

satellite transmitters to assess the movement patterns within the Gold Coast Broadwater and adjacent 

near shore and offshore habitats. Tracked turtles generally remained within a 3-4 km radius of their 

capture locations but appeared to utilise a variety of habitats.  Furthermore, one of the turtles, an adult, 

displayed a long-distance (± 200 km) southerly movement period before returning to its capture 

location. My study has improved our understanding of sea turtle habitats within the Gold Coast region 

and identified core habitats for turtles.  The study also increased out understanding of the relative 

importance of different habitats for turtles, particularly juvenile green turtles. These results have 

profound consequences for both the description of sea turtle life histories and for their conservation, as 

some of these habitats remain outside any designated marine protected areas. 
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Chapter 1: General introduction 

1.1 Research context  

Sea turtles are the focus of much research attention as they inhabit marine habitats across the world 

and are therefore important indicators of changes within these marine environments (Fuentes et al. 

2009).  Of the seven sea turtle species, five namely; green Chelonia mydas, hawksbill  Eretmochelys 

imbricata, leatherback Dermochelys coriacea, loggerhead Caretta caretta and olive ridley 

Lepidochelys olivacea, turtles are known to be widely distributed in tropical and temperate waters 

globally. The remaining two species are more regionally distributed, with flatback Natator depressus 

turtles predominantly inhabiting Australian, Indonesian and Papua New Guinean waters, and the 

Kemp’s ridley Lepidochelys kempii turtle inhabiting waters of the Gulf of Mexico and the Northwest 

Atlantic (Godfrey & Godley 2008). 

 

Habitat destruction and human exploitation has caused major declines in global sea turtle populations 

(Troëng & Rankin 2005). Overharvesting of eggs (Meylan & Donnelly 1999, Chaloupka 2001), 

commercial harvest of turtles (Gardner & Nichols 2001, Limpus et al. 2003) and nest habitat 

destruction (Sharma 2000) has resulted in six of the seven species (except flatback turtles) being 

classified as endangered or critically endangered by the IUCN (Baillie & Groombridge 1996, S&PS 

2001, IUCN 2013). In addition to these widespread global impacts, turtle mortalities are also 

attributed to fibropapilloma disease, shark attack or incidental capture in coastal and pelagic fisheries 

(Cheng & Chen 1997, Chaloupka 2003). In some regions local extinction of green turtles is likely to 

occur as a direct result from habitat loss and by-catch (Broderick et al. 2006). Loggerhead turtle 

populations have also declined in the Pacific (Chaloupka & Limpus 2001, Limpus & Limpus 2003) 

and Indian Oceans (Baldwin et al. 2003), while little is known about these populations in the Atlantic 

Ocean (Bowen et al. 2005).  The precarious conservation status of sea turtles globally has prompted 

much investigation to understand and mitigate sea turtle threats.  For example, recent work on the 

effects of climate change on sea turtles has shown that populations are vulnerable due to increases in 
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sand temperature and sea level rise (Chaloupka et al. 2008, Hawkes et al. 2009, Fuentes et al. 2010a, 

Fuentes et al. 2010b, Fuentes et al. 2011b).  

 

The IPCC 2007 meteorological data highlights a trend of increasing global air temperatures, with 80% 

of the extra warmth likely to be absorbed by the oceans (IPCC 2007), resulting in a 18-60cm rise in 

sea levels by 2100 (Meehl et al. 2005, IPCC 2007). As sea surface temperature (SST) is directly 

related to adult sea turtle distribution (Spotila & Standora 1985, Seebacher & Franklin 2005, Fuentes 

et al. 2009), temperature increases are likely to result in changes to suitable nesting environments, 

both geographically and temporally. The consequences of such climate change impacts are that 

nesting rookeries could become compromised through inundation but also through the loss of 

available nesting area with subsequent competition for space among turtles resulting in reduced 

productivity.  SST increases have also been reported to directly impact upon turtle food resources, 

resulting in changes to seasonal and geographic abundance and distribution of seagrass species 

(McMillan 1984, Zimmerman et al. 1989, Walker 1991).  In addition to changes in ocean conditions, 

changes to the terrestrial environment and specifically increases in sand temperature could also impact 

on turtle populations as sea turtle hatchling sex ratios are determined by sand temperature (Yntema & 

Mrosovsky 1982, Fuentes et al. 2010a, Fuentes et al. 2010c). Furthermore, these effects are more 

likely to be felt in regions closer to the equator where increases in the sand temperature are also likely 

to reduce turtle productivity in the long term (Fuentes et al. 2010b, Fuentes et al. 2011b). Changes in 

the distribution of turtles can also be expected and Rabon et al. (2004) have recorded leatherback 

turtle nesting beyond their northerly hemisphere limits for the first time after a decade of monitoring.  

This emphasises the need to monitor populations on the edge of their distributional range to detect 

these potential shifts in range and habitat use.  Pike et al. (2006) and Yasuda et al. (2006) also 

highlight that warmer sea temperatures can extend the nesting season for some sea turtles and Hawkes 

et al. (2009) have argued that nesting beaches previously unsuitable for egg laying may now become 

viable sea turtle nesting beaches. Thus, the predicted effects of global climate change are likely to 

directly impact upon sea turtle habitat ranges, nesting performance and habitat use (Limpus & 
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Nicholls 1988, Mazaris et al. 2004, Baker et al. 2006, Hawkes et al. 2009, Fuentes et al. 2010a, 

Fuentes et al. 2011b).  

 

Other climatic changes such as extreme weather events, increased rainfall, and ocean acidification also 

have the potential to affect a wide range of different habitat types that sea turtles occupy (Musick & 

Limpus 1997, Fuentes et al. 2011a). For the purposes of this study it is useful to present additional 

background for two sea turtle species, namely the green (Chelonia mydas) and loggerhead (Caretta 

caretta) as these are the most commonly recorded species from the southern regions of their 

distribution range in eastern Australia. 

  

One of the habitats that provide important resources for herbivorous green turtles are seagrass 

meadows (Mortimer 1981, Mendonca 1983, Limpus et al. 1994, Fuentes et al. 2006, Kuiper-Linley et 

al. 2007).  Seagrasses form vast meadows in shallow coastal environments and provide habitat and 

food for a variety of taxonomic groups, whilst providing physical structure on sediment bottoms that 

enhances ecosystem diversity (Heck & Orth 1980, Orth et al. 1984, Duffy et al. 2001, Waycott et al. 

2009).  The  combined productivity of seagrasses and associated algae ranks seagrass beds among the 

most productive ecosystems on earth (Duarte & Cebrián 1996), and their provision of nursery areas 

for juvenile stages of commercially important species (Heck et al. 2003) contributes significantly to 

the economic importance of estuarine fisheries (Costanza et al.1997).  While seagrass meadows are a 

primary food source for green turtles the species feeding habits can vary regionally and may include 

marine algae as the primary diet (Pritchard 1971, Balazs 1980, Bjorndal 1991, Seminoff et al. 2002), 

with some populations targeting both food types (Garnett et al. 1985, Brand-Gardner et al. 1999). 

Green turtle feeding preferences are thought to be dependent on the local availability of foods (Balazs, 

1980, Garnett et al. 1985) and this emphasises the need to improve our knowledge surrounding the 

prevalence of, and patterns associated with these habitats. 
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Evidence suggests that seagrasses are experiencing widespread declines throughout their range (Orth 

et al. 2006). These declines result from a wide variety of causes, including reduced water quality, 

overgrazing, and physical damage due to development (Short and Wyllie-Echeverria 1996, Orth et al. 

2006, Walker et al. 2006). Seagrass habitats are also susceptible to the effects of climate change 

(Waycott et al. 2007, Rasheed & Unsworth 2011) where predicted sea level rise will increase the 

likelihood of coastal erosion causing increased sedimentation, ultimately affecting the range and 

distribution of seagrass meadows (Short & Neckles 1999, Waycott et al. 2009, Saunders et al. 2013). 

An increase in the frequency and intensity of storm events is also likely to induce sedimentary 

changes that may lead to large-scale reduction and fragmentation of seagrass habitat (Campbell & 

McKenzie 2004, Cabaço et al. 2008, Cardoso et al. 2008). This is exacerbated by adjacent terrestrial 

processes in the coastal zone (e.g. urban development, agriculture, land clearing) (Bunn et al. 2010) as 

well as by commercial and recreational activities within the coastal zone (e.g. boating, dredging etc.) 

(Leon & Warnken 2008, Waycott et al. 2009). Rising sea temperature can also cause seagrass loss in 

areas that are close to their thermal limit with Coles et al. (2004) highlighting a correlation between 

large scale seagrass losses within the Whitsundays and Shoalwater Bay region, Queensland, Australia, 

and coral bleaching events on the Great Barrier Reef, Queensland, Australia.   

 

However, not all sea turtles rely on seagrass meadows.  Loggerhead sea turtles are a carnivorous 

species that prey on a great variety of animal taxa (Bjorndal 1997, 2003) but they have also been 

known to incidentally ingest plant material (Casale et al. 2008).   Furthermore, a variety of faunal 

species found within seagrass communities such as molluscs or hermit crabs and sea anemones 

inhabiting empty gastropod shells have been confirmed as frequent prey of loggerhead turtles (Lazar 

et al. 2006).  Generally, loggerhead turtles frequent different habitats and travel over vast areas during 

their lifetime.  Juveniles prey upon epipelagic animals (Bjorndal 1997, Bolten 2003) and they can 

disperse over a wide area, crossing entire oceans (Bowen et al. 1995, Bolten et al. 1998), while larger 

individuals prey mainly upon benthic animals (Bjorndal 1997).  
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While the extent, duration and nature of threats to turtles continues to escalate, the establishment of a 

number of conservation programs across the world is providing positive protection measures for these 

threatened marine species (Wallace et al.2010, Wallace et al.2011).  Both legislative mechanisms as 

well as community conservation projects have contributed to improving conservation and 

management of turtles.  For example, in China five species of sea turtles are listed as second Class 

State Protected Animals in the list of State Key Protected Wildlife under the People’s Republic of 

China on the Protection of Wildlife (Chan et al. 2007). Whilst, in Brazil, the Tartarugas Marinhas 

(TAMAR) project has established a national network of 21 field monitoring stations across nine 

Brazilian states (Marcovaldi & Chaloupka 2007) and the potential benefits of sea turtle tourism to 

sustaining community livelihoods is argued (Pegas & Stronza 2010). In Hawaii, green turtle 

populations that were subject to human exploitation (Balazs 1976, Niethammer et al. 1997) have now 

increased dramatically as a result of the introduction of US Endangered Species Act in 1974 (Witzell 

1994).  Within Australia, regulations requiring the fitting of turtle exclusion devices (TEDs) to 

trawling nets has also resulted in positive outcomes for regional turtle populations (Brewer et al. 2006, 

Dryden et al. 2008).  There is a well-established body of research that has contributed to our 

understanding of Australian turtle populations more generally (Limpus & Reed 1985, Gyuris & 

Limpus 1988, Limpus et al. 1992, Chaloupka & Limpus 2001, Limpus et al. 2003, Kennett et al. 

2004, Chaloupka & Limpus 2005, Hazel & Gyuris 2006, Hazel et al. 2009) and key aspects of these 

populations are presented in the following sections. 

 

1.2 Sea turtle populations within Australia 

Six species of sea turtle are found in Australian waters and are listed as threatened species under the 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) (Table 1.1, 1.2).  The 

Commonwealth government’s Recovery Plan for Marine Turtles in Australia (Marine Species section 

Approvals and Wildlife Division, Environment Australia in consultation with the Marine Turtle 

Recovery Team, 2003), aims to reduce sea turtle threats and increase survival rates, particularly of 

adults and large immature turtles.  The plan also recognises that genetically distinct sub-populations 
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(or stocks) of most species exist and these can be recognised as distinct geographic units that may 

need to be managed on that basis.   

 

Table 1.1: Conservation status of sea turtle in Australia under the Environmental Protection and 

Biodiversity Conservation Act 1999, the Nature Conservation Act 1992 (QLD), and the Threatened 

Species Conservation Act 1995 (NSW) compared to the global status for these species. 

 

Common name Scientific name NSW Status QLD Status EPBC Status IUCN Status 

Loggerhead turtle Caretta caretta Endangered Endangered Endangered Endangered 

Olive Ridley turtle Lepidochelys 

olivacea 

Data deficient Endangered Endangered Vulnerable 

Green turtle Chelonia mydas Vulnerable Vulnerable Vulnerable Endangered 

Hawksbill turtle Eretmochelys 

imbricata 

Data deficient Vulnerable Vulnerable Critically 

Endangered 

Leatherback turtle Dermochelys 

coriacea 

Data deficient Vulnerable Vulnerable Critically 

Endangered 

Flatback turtle Natator depressus Data deficient Vulnerable Vulnerable Data deficient 
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Table 1.2 Summary of key breeding, nesting and distribution habitats of Australia’s six sea turtle species. 

Source: Marine turtles in Australia, Department of Environment , Australia, 2013.  

Species Breeding and nesting areas  Distribution and habitats Diet 

 

 

 

 

Chelonia 

mydas 

There are seven regional populations of green turtles nesting in Australia: 1. The southern 

Great Barrier Reef, 2. The northern Great Barrier Reef, 3. The Coral Sea (including as far 

south as QLD/NSW border), 4. The Gulf of Carpentaria, 5. Western Australia's north-west 

shelf, 6. The Ashmore and Cartier Reefs and 7. Scott Reef. Nesting can occur year round, but 

most nesting occurs from October to March. Green turtles nesting in the northern Great Barrier 

Reef migrate from feeding grounds in Indonesia, Papua New Guinea, Vanuatu, New 

Caledonia and across northern Australia from Melville Island in the Northern Territory to 

Moreton Bay in south-east Queensland (Limpus 1994, Limpus et al. 1994). Green turtles 

nesting along the Western Australian coast migrate from feeding grounds in Indonesia, 

Queensland, Northern Territory and Shark Bay in Western Australia. 

Green turtles occur in seaweed-

rich coral reefs and inshore 

seagrass pastures in tropical and 

subtropical areas of the Indo-

Pacific region. The entire Great 

Barrier Reef area is an important 

feeding area for green turtles.  

Adult green turtles 

feed mostly on 

seagrasses and 

algae although 

immature animals 

are carnivorous. 

 

 

 

 

 

Caretta 

caretta 

There are two unique breeding populations of loggerhead turtles in Australia (Limpus 1985). 

The eastern Australian population nests on the southern Great Barrier Reef and adjacent 

mainland coastal areas, including Mon Repos, Wreck Rock, Wreck Island, Erskine Island, and 

Tryon Island.  Major nesting areas for the Western Australian population include Muiron 

Islands, Ningaloo Coast south to about Carnarvon and islands near Shark Bay, including Dirk 

Hartog Island. Loggerhead turtles nest from late October, reaching a peak in late December 

and finish nesting in late February or early March.  

Loggerhead turtles have a 

worldwide tropical and 

subtropical distribution. In 

Australia, they occur in coral 

reefs, bays and estuaries in 

tropical and warm temperate 

waters 

Loggerhead turtles 

are carnivorous, 

feeding mostly on 

shellfish, crabs, sea 

urchins and 

jellyfish 
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Natator 

depressus 

There are four major nesting areas in Australia, representing four genetic breeding stocks. On 

the east coast of Queensland, flatback turtles nest from Mon Repos in the south to Herald 

Island near Townsville in the north. Major rookeries include four islands on the inner shelf of 

the southern Great Barrier Reef, Peak, Wild Duck, Avoid and Curtis Islands.  The largest 

nesting concentration of flatback turtles is in the north-eastern Gulf of Carpentaria and western 

Torres Strait (Limpus et al.1983). Other rookeries in the Gulf of Carpentaria are in the 

Wellesley Islands and the Western Gulf of Carpentaria. In the Kimberley and Pilbara regions 

of Western Australia, from approximately the Lacepede Islands to Exmouth, there is a mid-

summer peak nesting season. 

The flatback turtle is endemic to 

Australia and all known breeding 

sites of this species occur only in 

Australia. They feed in the 

northern coastal regions of 

Australia, extending as far south 

as the Tropic of Capricorn. Their 

feeding grounds also extend to the 

Indonesian archipelago.  

The flatback turtle 

is carnivorous, 

feeding mostly on 

soft bodied prey 

such as sea 

cucumbers, soft 

corals and jellyfish.. 

 

 

 

Eretmochelys 

imbricata 

Two major breeding areas occur in Australia: 1. Northern Great Barrier Reef, Torres Strait and 

2. North eastern Arnhem Land (Limpus et al .1983). have several significant nesting areas 

including: Milman, and Bouydong Islands in the northern Great Barrier Reef; Sassie, 

Hawkesbury, Dayman, Zuizin, Mimi, Bourke, Aukane, Layoak, Bet, Saddle, Dabalai, Albany 

and Mt Adolphus Islands in Torres Strait; and Lane, northeastern beaches of Groote Eylandt, 

Hawk, North East, Truant, Hawks nest and Bustad Islands in north east Arnem Land. The 

north-west shelf of Western Australia has several significant nesting areas within the Dampier 

Archipelago and the Montebello Islands. Lower density nesting is known from the Lowendal 

Islands, Varanus, Barrow, and Muiron Islands and the mainland. 

Hawksbill turtles typically occur 

in tidal and sub-tidal coral and 

rocky reef habitats throughout 

tropical waters, extending into 

warm temperate areas as far south 

as northern New South Wales. In 

Australia the main feeding area 

extends along the east coast, 

including the Great Barrier Reef.  

Sponges make up a 

major part of the 

diet of hawksbill 

turtles, although 

they also feed on 

seagrasses, algae, 

soft corals and 

shellfish.  
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Dermochelys 

coriacea  

 

No large rookeries have been recorded in Australia. Scattered nesting has been reported along 

the south Queensland coast from Bundaberg to Round Hill Head and along the coast of 

Arnhem Land from Coburg Peninsula to Maningrida, including Crocker Island. Some nesting 

has occurred in northern New South Wales near Ballina. However the last recorded nesting in 

Queensland was in 1996. In Queensland, the most frequently used nesting beaches by 

leatherback turtles are Wreck Rock and Rules Beach. Breeding in south-eastern Queensland 

occurs mostly during December and January (Limpus & McLachlan 1979). 

 

In Australia, leatherback turtles 

occur in tropical and temperate 

waters. Most leatherback turtles 

living in Australian waters 

migrate to breed in neighbouring 

countries, i.e. Indonesia, Papua 

New Guinea and the Solomon 

Islands. 

 

The leatherback 

turtle is carnivorous 

and feeds mainly in 

the open ocean on 

jellyfish and other 

soft-bodied 

invertebrates. 

 

 

Lepidochelys 

olivacea  

No large rookeries of olive ridley turtles have been recorded in Australia. An estimate of the 

nesting population for Australia is 1000-5000 females annually, with most nesting in north 

west Arnhem Land.  In Australia, they occur along the coast from southern Queensland and 

the Great Barrier Reef, northwards to Torres Strait, and across to the Joseph Bonaparte Gulf in 

Western Australia. In Northern Australia nesting occurs all year round, although most nesting 

occurs during the dry season from April to June (Whiting et al. 2007). 

 

The olive ridley turtle has a 

worldwide tropical and 

subtropical distribution, including 

northern Australia. Olive ridley 

turtles typically occur in shallow 

soft-bottomed habitats of 

protected waters.  

The olive ridley 

turtle is 

carnivorous, 

feeding mostly on 

shellfish and small 

crabs. 

 

 

 

http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=1768
http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=1768
http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=1767
http://www.environment.gov.au/cgi-bin/sprat/public/publicspecies.pl?taxon_id=1767
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1.3 Conservation and management of Australian sea turtle populations 

Sea turtles face a variety of threats throughout their habitat range (Cheng & Chen 1997, Chaloupka 

2003, Chaloupka et al. 2008, Hawkes et al. 2009, Fuentes et al. 2010a, Fuentes et al. 2010b, Fuentes 

et al. 2011b)  highlighting the importance of developing  global frameworks that address conservation 

priorities (Wallace et al. 2010a).  Wallace et al. (2011) demonstrate that by assessing the threats of 

distinct population segments or regional management units (RMU) (i.e. spatially explicit population 

segments defined by bio geographical data of marine turtle species) it is possible to allocate a level of 

risk and threat for each species and geographically region.  For example, within the context of this 

study (i.e. Gold Coast region), loggerhead populations have been assessed as:  high risk – high threat 

and green turtle populations as: a low risk – high threat (Wallace et al. 2011). These assessment 

categories provide a measurement of global sea turtle threat and risk and highlight the importance of 

localised research in contributing to sea turtle conservation measures.  

 

1.3.1 Federal protection measures 

The Commonwealth is responsible for the establishment and management of marine reserves, 

management of fisheries and the facilitation of conservation programs. They also fund actions for the 

development of recovery or threat abatement plans for threatened species.  The Great Barrier Reef 

Marine Park (GBRMP) is one of the world's most extensive protected areas, protecting significant 

amounts of sea turtle breeding habitat. The GBRMP was rezoned in 2004 to maximise the protection 

of marine biodiversity and upgrade sea turtle protection through a multiple-use zoning regime (Dryden 

et al. 2008). Internationally significant populations of green, hawksbill, loggerhead and flatback 

turtles occur in the GBRMP.  However, many green turtles migrate hundreds or thousands of 

kilometres from the GBRMP rookeries, crossing national and regional boundaries where they are 

subject to harvest pressure from neighbouring countries (Limpus et al. 1992, Meylan 1995).  The 

Commonwealth also monitors nesting sea turtles and hatching success in the Coral Sea National 

Nature Reserves, on Field Island in Kakadu National Park (Northern Territory) and at Ashmore Reef 

National Nature Reserve. 



   

11 

 

1.3.2 State protection measures 

The Queensland Nature Conservation Act 1992 provides protection for sea turtles, listing them as 

either endangered or vulnerable species. Most of the significant rookeries for all species in eastern 

Queensland have been declared protected habitat under this Act and include key sites such as Mon 

Repos Conservation Park, Woongarra Marine Park and the Moreton Bay Marine Park. These areas 

contribute significantly to sea turtle conservation by protecting both nesting beaches as well as 

foraging habitats. The Mon Repos Conservation Park, created in 1981 has also had an indirect and 

direct positive impact on loggerhead sea turtle conservation due to the combination of conservation 

efforts, education programs and tourism (Tisdell & Wilson 2001, Wilson & Tisdell 2001). Extensive 

research has also been undertaken within Queensland on sea turtle nesting, breeding structure, 

population trends and abundance, migration patterns and threats (Limpus & Reed 1985, Gyuris & 

Limpus 1988, Limpus et al. 1992, Chaloupka & Limpus 2001, Limpus et al. 2003, Kennett et al. 

2004, Brewer et al. 2006, Hazel & Gyuris 2006). Research has provided sufficient information to 

identify a decline of 50-80% over 10-15 years in the eastern Australian loggerhead population, as well 

as a 10-fold reduction in nesting over a 20 year period (Limpus & Limpus 2003). Despite extensive 

research on sea turtles in Queensland, little detailed information is available within the literature on 

sea turtle nesting behaviour, movement patterns and habitat usage within southern Moreton Bay, Gold 

Coast region. 

 

Under the Western Australian Wildlife Conservation Act 1950 the loggerhead and leatherback turtle 

are specifically listed as ‘threatened’ species, while all other turtles are protected as native fauna. The 

Western Australian Department of Conservation and Land Management (CALM) is directly involved 

in sea turtle conservation and the Western Australian Marine Turtle Program has been operational 

since 1985. Most of the significant rookeries are on island nature reserves but there is a need to 

develop protocols for the management and use of these sites (Department of Environment and 

Conservation, Marine Turtle Recovery Plan for Western Australia 2008). 
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The Territory Parks and Wildlife Conservation Act 2000 lists marine turtles as protected wildlife in 

the Northern Territory (NT).  The Parks and Wildlife Commission of the Northern Territory 

(PWCNT) has: carried out aerial and ground surveys to determine where the high use breeding areas 

for sea turtles are; examined habitat use by sea turtles around Coburg Peninsula; and monitored and 

tagged flatback turtles on Greenhill Island between 1995 and 1997.  The PWCNT is also working with 

Dhimurru Land Management Aboriginal Corporation particularly on the ghost netting of juvenile 

turtles on Cape Arnhem (Department of Environment and Conservation, Marine Turtle Recovery Plan 

for Western Australia 2008). 

 

Within New South Wales all sea turtles are protected under the National Parks and Wildlife Act 1974.  

In addition, the loggerhead turtle is listed as endangered and green and leatherback turtles are listed as 

vulnerable under the Threatened Species Conservation Act 1995. There are resident populations of 

hawksbill, loggerhead and green turtles in the waters of northern New South Wales, including Cook 

Island Aquatic Reserve and Byron Bay Marine Park. The New South Wales National Parks and 

Wildlife Service (NPWS) has developed the Marine Fauna Management Database that will enable 

collection of information on dead, sick or injured turtles found along the New South Wales coast. The 

New South Wales data complements a similar database maintained by Queensland in order to 

facilitate information exchange. The New South Wales NPWS has also established a tagging program 

in New South Wales which enables the collection of information on sea turtles rehabilitated and 

released following a stranding.  

 

1.3.3 The role of local government authorities 

The south eastern Queensland coastal region is the most heavily urbanised and populated area of the 

state, the third most populous metropolitan area in Australia and one of the fastest growing regions in 

the country (ABS 2011). In 1986 the population of south-east Queensland stood at 1.67 million people 

and by 2006 had grown to over 2.8 million (DERM 2009). Growth is expected to continue over the 

next decade and a greater number of human activities within the region’s coastal zone may 
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significantly increase impacts on the viability of sea turtle populations within this region (Sharma 

2000, West 2011). 

 

One of the largest local government areas in southeast Queensland is the Gold Coast City.  This region 

supports a growing population of in excess of half a million residents as well as being a high density 

tourism node within Australia (ABS 2011).  The tourism profile of the Gold Coast emphasises the 3S 

(sun, sand, surf) (Williams & Lemckert 2006) aspects of the region and waterborne activities are 

common among both residents and tourists alike (Warnken & Leon 2006), with extensive use being 

made of the relatively protected waters of the Broadwater. 

 

The Broadwater on the Gold Coast, eastern Australia, extends from the area known as the ‘Spit’ 

(UTM, 56J: 541472 m, 6905124 m) in the south-east, to the area known as ‘Jumpinpin’ (UTM, 56J: 

543750 m, 6931880 m) in the north and is bound by South Stradbroke Island (SSI) to the east and the 

mainland to the west (Mirfenderesk & Tomlinson 2007).  It encompasses an area of approximately 

6782 ha and forms an important part of an extensive estuarine system of southern Moreton Bay.  The 

Broadwater is an area of significant environmental value as the area acts as the discharge area for a 

number of large river catchments for the Gold Coast region including the Nerang River, Coomera 

River, Coombabah Creek and the associated Lakelands, Pimpama River and Behm Creek.   It is also 

one of Queensland’s iconic assets contributing strongly to the city image of the Gold Coast.  The 

Queensland Government in conjunction with Gold Coast City Council are currently planning a private 

industry funded shipping terminal to be located within the Broadwater. This proposed development 

will be one of the largest integrated tourism developments in Queensland's history (Queensland 

Government 2013). However impacts on the Broadwater’s marine biota are still relatively unknown.  

 

1.4 Peripheral turtle populations on the east coast of Australia 

Limpus et al. (1992) have demonstrated that the distribution of nesting female loggerhead turtles 

extends into southern NSW, whilst the distribution of nesting female green turtles extends as far south 
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as Moreton Bay in southern Queensland. Moreton Bay Marine Park (MBMP) covers a 3400 km
2
 area 

within the region of which “Green zones” (marine national park no-take zones) make up 16% of the 

total marine park. Conservation and habitat protection zones that still allow a range of consumptive 

and non-consumptive activities within them make up a further 8% and 30% of the entire MBMP 

respectively. Within the former park zoning scheme seagrass meadows comprised one of the dominant 

communities (Stevens & Connolly 2005) but these are less well represented in the current zoning plan.  

Seagrass habitats with the southern MBMP (Gold Coast Broadwater) are also only captured within a 

habitat protection zone. Furthermore, whilst the Gold Coast region is partly covered by the marine 

park zone, its offshore reef habitats, where sea turtle observations have occurred, are outside the 

park’s boundary.   

 

van de Merwe & Cuttriss (2006) have confirmed that green and loggerhead turtle nesting occurs on 

South Stradbroke Island (SSI), Gold Coast, Australia. However, Alvarado and Murphy (1999) suggest 

that a minimum of ten years tagging data (including information on re-migratory intervals) is required 

to estimate turtle nesting numbers.  Nevertheless, the numbers of nesting turtles in the southern 

peripheral range areas appear to be considerably lower than in areas closer to the equator (Chaloupka 

& Limpus 2001, van de Merwe & Cuttriss 2006). There are no published data on green and 

loggerhead turtle inter-nesting and foraging grounds with the Broadwater, SSI and Cook Island 

complex, highlighting the need for further ecological information about peripheral sea turtle 

populations in this region.  Studies elsewhere suggest inter-nesting grounds for green turtles can be 

close to nesting beaches (Meylan 1995, Tucker et al. 1995) and Gyuris & Limpus (1988) have 

suggested that the northern tip of Fraser Island, QLD is a major loggerhead courting area. There is 

also little information on the mixing of any peripheral populations with those in more populated 

waters. Loggerhead and green turtle nesting and foraging home ranges can vary greatly in size, with 

smaller home ranges identified as sub-populations inhabiting distinct geographic locations (Limpus et 

al. 1992).  This may also be the case for turtles found within the SSI, Broadwater and Cook Island 

complex. Thus, further research on sea turtle populations within their southern peripheral habitat 
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limits will contribute to our understanding of the ecology and habitat requirements of these 

populations.  These findings will also assist regional and local authorities with planning and 

management of sea turtles and their nesting and foraging habitats.   

 

Consequently, this study investigates the ecology of sea turtles on the Gold Coast.  Specifically, the 

research quantifies the relative habitat use by sea turtle as well as their movement patterns within this 

southern peripheral region, while also assessing the trends in seagrass meadows, a primary foraging 

habitat for green turtles (Fuentes et al. 2006, Taquet et al. 2006). The remainder of this introduction 

provides background information on sea turtle life cycle and nesting behaviour. The review focuses 

primarily on the two species of sea turtles known to utilise the marine habitats of the Gold Coast 

Broadwater, South Stradbroke Island and Cook Island (NSW) complex namely, green and loggerhead 

turtles. 

 

1.5 General life-cycle of sea turtles 

15.1 Foraging habitats and movement patterns 

The ecology of sea turtles in two of their critical habitats is the focus of this study, i.e. foraging habitat 

and breeding habitat (including terrestrial, nearshore and offshore habitats). These habitats are 

described within the context of the sea turtle’s general life cycle.  The terms used to describe the 

various life stages in this study will be restricted to hatchlings, juveniles and adults. Hatchlings are 

turtles which have recently hatched and have not commenced feeding.  Juveniles are turtles that have 

commenced feeding but have not reached sexual maturity, whilst adults are turtles which are sexual 

mature. 

 

Life cycle characteristics shared by all hard-shelled (i.e. excluding leatherbacks) sea turtle species 

include a breeding migration from foraging areas to mating and nesting areas (Miller 1997). Both 

males and females migrate to mating areas during the breeding period and copulation generally occurs 

in lagoonal habitats close to nesting beaches (Harrison 1954, Hendrickson 1958, Bustard 1971, Frazier 
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1971, Booth & Peters 1972), although preference can be given to other breeding locations (Balazs 

1980). Following mating, males return to their foraging grounds and the females spend several months 

at the nesting area laying multiple clutches. Typical nesting beaches tend to be sandy, wide, open 

beaches backed by low dunes and fronted by a flat sandy approach from the sea. Although it is not 

entirely clear why some beaches are used by sea turtles to deposit eggs and others are not, a potential 

nesting beach must be high enough to avoid being inundated, have enough sand cohesion to allow nest 

construction, and its sand must have temperatures conducive to egg development, i.e. 26-33 °C 

(Bustard & Greenham 1968, Yntema & Mrosovsky 1980, Miller 1982, 1985, Miller et al. 2003). In 

between successive nesting events in one season (inter-nesting interval) the females move off to 

nearby inter-nesting grounds were they form the next batch of eggs. Inter-nesting intervals range 

between 12-15 days for both loggerhead and green turtles (Alvardo & Murphy 1999). Females also 

show strong nest site fidelity and migrate back to the general vicinity of their natal beaches and most 

females do not nest in consecutive years (Bowen et al.1993).  

 

Hatchlings emerge from nests after a 6-13 week incubation period generally at night when the 

temperature falls (Miller 1997). Hatchlings then migrate to deep oceanic nursery habitats areas where 

it was believed that they spend about 5-20 years maturing (Carr & Meylan 1980, Carr 1987, Miller 

1997).  Recent stable isotope analysis suggests that this period is considerably shorter with juveniles 

spending only between 3-5 years in deeper oceanic waters (Reich et al. 2007). Juvenile turtles then 

migrate to shallow near shore feeding grounds until they reach sexual maturity at 30-50 years (Miller 

1997, Musick & Limpus 1997).  The mature adult turtles then migrate to the general vicinity of their 

natal beaches to begin the reproductive cycle again (Miller 1997). 

 

Bolten (2003) describes three developmental life history patterns for sea turtles (Type 1, Type 2 and 

Type 3). Sea turtles that complete development stages in the neritic zone (waters less than 200 m 

deep) are classified as Type 1.  The Type 2 life history pattern is characterised by early development 

in the oceanic zone (> 200 m water depth) followed by later development in the neritic zone.  Type 3 
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is characterised by both juvenile and adult stages common to the oceanic zone. The habitat locations 

described by the three life history patterns are closely aligned with foraging habitats for the various 

development stages of a sea turtles life cycle.  The foraging ecology of the two species commonly 

found nesting and foraging within the SSI, Broadwater and Cook Island complex differ throughout 

their developmental stages. Green turtles typically feed on shallow coastal seagrass beds and which 

can be classified into: (1) sites where seagrass beds are dominant, (2) sites where algae are dominant 

and (3) mixed seagrass and algae sites (Bjorndal 1997). 

 

Juvenile green turtles in the open ocean nursery habitat are omnivorous (Witherington 2002). When 

they move from the oceanic pelagic habitat to the shallow water neritic habitat (30-40cm curved 

carapace length) they shift to an herbivorous diet feeding on seagrass, algae and mangrove fruit 

(Bjorndal 1997, Musick & Limpus 1997, Pendoley & Fitzpatrick 1999, Fuentes et al. 2006, Taquet et 

al. 2006).  The availability (coverage) of seagrass meadows may limit populations of turtles in some 

regions, particularly where these meadows are impacted by terrestrial and aquatic coastal processes 

(e.g. stormwater discharge, sedimentation) (Walker & McComb 1992, Leon & Warnken 2008).  

Aerial photography and satellite imagery can be used to assist in vegetation mapping (Kadmon & 

Harari-Kremer 1999, Harvey & Hill 2000) and has been used to quantify the coverage of marine 

habitats including corals (Palandro et al. 2003) and seagrass (Pasqualini et al. 2001, Phinn et al. 2008, 

Roelfsema et al. 2009, Lyons et al. 2013) in the past.  Visual recognition of habitats from aerial 

photography is commonly used to map the spatial extent of various communities in both terrestrial 

and aquatic habitats (Dahdouh-Guebas et al. 2000) and provides accurate representation of these 

habitats depending on the resolution of the imagery (Terry et al. 1994).  More recently, satellite 

imagery has been used to assess the spatio-temporal dynamics in seagrass meadows at a relatively 

large scale (Lyons et al. 2013).  Ground-truthing also forms an essential component to seagrass 

mapping as some areas of aerial imagery are not able to provide accurate information due to the 

spatial resolution and scale used (McKenzie et al. 2001).  
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Makowski et al. (2006) has demonstrated that algae rich localised reef systems can also be viable food 

source for juvenile green turtles where they occupy relatively small home ranges of between 0.69 and 

5.05 km². In contrast, loggerhead turtles are carnivorous and forage predominantly in nearshore 

benthic environments (Plotkin et al. 1993) and have home ranges that can vary greatly in size (Renaud 

et al. 1995, Whiting and Miller 1998). 

 

1.5.2 Nesting patterns 

All species of sea turtle share a common nesting behaviour. This includes: emerging from the ocean, 

ascending up the beach, excavating a body pit, digging an egg chamber, oviposition, filling in the egg 

chamber, filling in the body pit and returning to the ocean (Miller 1997).  

 

The process by which turtles select nesting beaches and nesting sites has not been clarified (Miller 

1997). A number of studies conducted on beaches have provided detailed information about factors 

that discourages, rather than encourages nesting. For example, artificial lighting on the beachfront 

reduces the number of nesting loggerheads, relative to those on beach areas free of lighting 

(Witherington 2002).   

 

Sea turtle species can be identified from the characteristic patterns made by the tracks they leave on 

the beach during nesting, with the primary identification features being track width and symmetry of 

the front flipper imprint. The depth of the nest body pit is also an indicator of species (Ehrhart 1995, 

Miller 1997, Pritchard & Mortimer 1999). Green turtles produce symmetrical tracks as they 

simultaneously move both front and back flippers forward at the same time to move their bodies 

across the sand. In contrast a loggerhead produces an asymmetrical track, as diagonally opposite front 

and back flippers are moved simultaneously (Bustard 1972).  

 

All species of turtles excavate a body pit in order to dig an egg chamber equal to the length of the rear 

flipper (Bustard 1972). Green turtles have long hind flippers and dig egg chambers with a depth 
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ranging between 50-92 cm (Limpus et al. 1984).  Loggerhead and green turtles require 1 to 2 hours to 

complete the nesting process (Hirth 1997) and lay white, spherical eggs (Miller 1985, Packard & 

DeMardo 1991). The number of eggs laid in each clutch varies between clutches as well as between 

populations (Hirth 1997, Dodd 1988) and range between 23-198 eggs.  Both species lay several 

clutches of eggs during nesting periods with a mean range of between 3-6 clutches per season (Hirth 

1997, Miller 1997).   

 

Loggerhead and green turtles eggs can hatch after 6 to 13 weeks of incubation depending on the 

temperature (Miller 1985, 1997). The sex of hatchlings is also influenced by temperature with females 

being produced at higher incubation temperatures (Mrosovsky et al. 1984, Hays et al. 2001). The 

temperature that produces a 50:50 sex ratio is known as ‘pivotal temperature’ (Yntema & Mrosovsky 

1982, Mrosovsky & Pieau 1991), and Ackerman (1997) describes the ‘pivotal temperature’ for sea 

turtles to be 29°C, although ‘pivotal temperature’ variability does exist between species and 

populations of the same species, with Miller & Limpus (1981) demonstrating that the ‘pivotal 

temperature’ for C. mydas ranges between 28°C and 31°C.  However, for all sea turtle species, males 

will be predominantly produced at temperatures below the ‘pivotal temperature’ and females 

predominantly produced above the ‘pivotal temperature’.  

 

 

1.6 Research aims 

This study will improve the current state of knowledge of habitat utilisation of green and loggerhead 

turtles within the Gold Coast region.  Specifically, the study aims to investigate habitat availability, its 

relative use and localised movement patterns of sea turtles associated with coastal waters of the Gold 

Coast region.  
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This study addressed the following specific research questions and hypotheses: 

 

1. As a primary food source for green turtles, has the availability of seagrass meadows on the Gold 

Coast changed over time?  It is hypothesised that ongoing urban development would have led to 

decline in and fragmentation of available seagrass habitat.   

 

2. What is the relative abundance and habitat use of sea turtles on the Gold Coast? It is hypothesised 

that turtle populations, particularly green turtles, would make extensive use of seagrass habitats while 

loggerhead turtles would be associated with non-seagrass environments given their diet requirements.   

 

3. What are the nesting patterns of sea turtles found on South Stradbroke Island? It is hypothesised 

that nesting patterns will reflect low numbers of both loggerhead and green turtles given that these 

nesting environments are close to the recognised southern peripheral limits of these species. 

  

4. Is the green turtle population on the Gold Coast geographically discrete from those to the north?  It 

is hypothesised that turtle movement patterns around the Gold Coast Broadwater will be restricted to 

the region reflecting the location of primary seagrass habitats.  

 

1.7 Thesis outline 

This thesis is presented as five chapters. This first chapter has provided an introduction to sea turtles 

and background information on their global distribution, threats to the species, conservation status and 

general life cycle. In Chapter 2, I identify submerged habitats that are available to green turtles within 

the Gold Coast, Broadwater through spatial analysis and mapping of seagrass and macroalgae habitat. 

The information presented in this chapter is also critically analysed using landscape ecology theory to 

assess the trends in seagrass patch size and distribution within the Broadwater.  The availability of 

these habitats are then compared with other submerged habitats where macroalgae coverage (another 

turtle food source) and density is determined along submerged rock walls and compared with that 
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found within seagrass meadows. In Chapter 3, I investigate sea turtle behaviour including an analysis 

of age structure, relative abundance and behaviour displayed by turtles within a number of different 

inshore and offshore habitats. A specific assessment is made of turtle nesting patterns on South 

Stradbroke Island (SSI).  Additional habitats surveyed included seagrass meadows within the 

Broadwater, the Gold Coast Seaway rock wall, Tweed River entrance rock wall, Cook Island and 

Blacks Rocks and Nine Mile reefs. In Chapter 4, I use satellite tracking technology to determine the 

movement patterns and home range size of green turtles inhabiting the Broadwater. In Chapter 5, I 

summarise my research findings from previous chapters, explore these outcomes in the context of 

what is observed for sea turtles at a local scale, and offer some ecological explanations. This final 

chapter also outlines the outcomes of this research in the light of their implications for management 

and conservation of turtle populations in Australia. 
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Chapter 2: Sea turtle habitats of the Gold Coast region 

 

2.1 Introduction 

Sea turtles utilise a diverse variety of ecosystems from terrestrial habitats where oviposition and 

embryonic development occur, to developmental and foraging habitats in coastal waters and the open 

ocean. Although these habitats are generally well characterised globally, it is important to understand 

their dynamics at multiple scales in order to manage turtle habitat effectively (Musick & Limpus 

1997, Hazel et al. 2009).    

 

Turtle life history stages are characterised by species-specific dependence on different marine and 

coastal environments (Bolten 2003, Figure 2.1).  Australian species encompass the complete spectrum 

of life history types with the dominant species on the Gold Coast, particularly green and loggerhead 

turtle, falling into Type 2 (Figure 2.1).  Green and loggerhead turtles spend the majority of their lives 

in the neritic zone (Musick & Limpus 1997, Plotkin et al. 1993) following an early oceanic 

developmental phase. These neritic environments provide important foraging, breeding and nesting 

environments (Bolten 2003). The foraging ecology of green and loggerhead turtles suggests that there 

is some dependence on specific habitats (e.g. seagrass meadows for green turtles) (Musick & Limpus 

1997), while other benthic habitats provide a variety of food sources for more generalist species such 

as the loggerhead turtles (Bjorndal 1997).  Like most sea turtles, green turtles are migratory and use a 

wide range of habitats during their lifetime (Seminoff et al. 2002). Upon completing the oceanic 

phase, these turtles are then thought to recruit from oceanic waters to neritic developmental habitats 

rich in seagrass.  Here they forage on common edible species including Halodule spp, Zostera 

muelleri and Halophila ovalis and/or marine algae (Musick & Limpus 1997).  Green turtles also have 

an affinity for small scale movements within coastal environments (Mendonca 1983, Ogden et al. 

1983, Brill et al. 1995, Whiting & Miller 1998, Seminoff et al. 2003, Makowski et al. 2006, Taquet et 
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al. 2006), suggesting that green turtles use a home range sufficient to enhance access to food sources 

required for growth (Ogden et al. 1983, Whiting & Miller 1998).  Within these home ranges, green 

turtles use certain ‘core areas’ more frequently than others, and these represent principle feeding and 

resting grounds (Makowski et al. 2006). Core feeding areas are generally those containing new shoots 

of seagrass (Makowski et al. 2006) that have higher nutrient value (Bjorndal 1997).  

 

Figure 2.1. Sea turtle life history patterns. Redrawn from Bolten (2003). 
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Seagrasses provide critical resources for a variety of marine species (Fuentes et al. 2006), and are 

recognised as an important food source for larger megaherbivores such as dugongs (Sheppard et al. 

2007, Skilleter et al. 2006) and green turtles (Limpus et al. 1994, Musick & Limpus 1997, Kuiper-

Linley et al. 2007). Seagrass habitats also contain a variety of secondary food sources such as 

epiphytes, detritus and microfauna (Lanyon et al. 1989) and form an important part of coastal food 

chains. Seagrass meadows are naturally dynamic (Larkum and West 1990, Kendrick et al. 2000, 

2002), however threats to these habitats include a combination of direct and indirect anthropogenic 

effects including: herbicide runoff, increased turbidity related to flooding and coastal development, 

boating traffic and dredging activities, and all have contributed to seagrass declines at local and 

regional scales (Walker & McComb 1992, Abal & Dennison 1996, Carruthers et al. 2002, Kendrick et 

al. 2002, Burkholder et al. 2007, Cabaço et al. 2008). Regular updated and accurate information on 

seagrass distribution is therefore essential to effectively identify potential habitat values for green 

turtles. 

 

There is also some evidence that turtles respond to man-made structures where they forage on novel 

habitats created through these processes (Renaud et al. 1995).  While the effects of human-mediated 

landscape alteration on turtle home ranges have not been directly studied, human activities may affect 

the habitat use and movement of green turtles in neritic foraging grounds.  Within the Gold Coast and 

surrounding regions (e.g. Tweed Coast), coastal environments have been substantially altered through 

developments.  For example, river entrances such as the Gold Coast Seaway and Tweed River have 

been reinforced using rock walls and benthic habitats are dredged to maintain accessible waterways 

for commercial and recreational purposes.  As such, the loss, disturbance or fragmentation of 

submerged habitats may impact on the persistence of these at the landscape scale. 

 

Marine and coastal research efforts have begun to investigate the importance of landscape ecology 

theory as developed in the terrestrial environment (Fahrig 2003, Hobbs & Wu 2007).  Studies have 

tested classical patch size, shape, isolation and fragmentation within seagrass habitats (Boström et al. 
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2006, Connolly & Hindell 2006, Jelbart et al. 2007, Smith et al. 2010) and have emphasised the 

importance of spatial landscape patterns and processes (Sleeman et al. 2005, Mills & Berkenbusch 

2009).  It is therefore of interest to determine the current status of seagrass communities at larger 

spatial scales, as identifying and mapping changes in seagrass meadows becomes increasingly 

significant for informed and holistic sea turtle conservation and management. 

 

Our understanding of seagrass meadow dynamics has been advanced by previous studies assessing 

long-term changes in seagrass extent (Larkum & West 1990, Kendrick et al. 2000, 2002, Lyons et al. 

2013), variability in seagrass cover and communities (Gullström et al. 2006, Phinn et al. 2008, 

Roelfsema et al. 2009), colonisation growth and recovery (Diaz-Almela et al. 2008, Vermaat 2009, 

McGlathery et al. 2012), and responses to environmental perturbation (Preen et al. 1995, Campbell & 

McKenzie 2004). More recently there have been increasing concerns raised about the possible impacts 

of climate change on seagrass meadows and in particular how elevated sea surface temperatures (SST) 

may influence these habitats (McMillan 1984, Zimmerman et al. 1989, Walker 1991).   

 

Aerial photography is one method used in the spatial mapping of vegetation communities (Kadmon & 

Harari-Kremer 1999, Harvey & Hill 2000) and has previously been used to quantify the changes in 

seagrass coverage over time (Kendrick et al. 2000, Pasqualini et al. 2001, Hernandez-Cruz et al. 

2006).  Visual recognition of habitats from aerial photography, combined with ground truthing, is 

commonly used to map the spatial extent of various communities in both terrestrial and aquatic 

habitats (Robbins 1997, Dahdouh-Guebas et al. 2000, Ierodiaconou & Laurenson 2002). However, 

accurate representation of these habitats depends on the resolution of the imagery (Marshall & Lee 

1994, McKenzie et al. 2001, Kendrick et al. 2002). In areas where historical seagrass mapping has 

been completed a number of factors may necessitate revisions of these estimates.  These factors 

include advances in aerial photography and mapping technologies, ongoing development within the 

anthropogenic landscape and the changing nature of environmental perturbations.   
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Previous seagrass mapping studies within the Gold Coast region, Australia, have been semi-

quantitative, and based on unrectified aerial photographs and photo mosaics.  The aim of this chapter 

was to improve on these past measures by developing a consistent seagrass classification procedure to 

compile a comprehensive seagrass coverage map of the Gold Coast Broadwater.  The Gold Coast in 

eastern Australia is undergoing rapid coastal development and amenity migration (Graymore et al. 

2008, Gurran 2008), increasing pressure on the natural environment.  The Broadwater is an estuary of 

significant environmental value acting as the discharge area for a number of large river catchments.  

However, it is also connected to the nearshore environments through channels to the north and south 

of a barrier island (South Stradbroke Island).  To the north the Broadwater is connected by a network 

of islands and channels leading into Moreton Bay.  Moreton Bay has been the focus of recent satellite-

based seagrass mapping studies (Phinn et al. 2008, Roelfsema et al. 2009, Lyons et al. 2013), but 

these do not extend into the Broadwater region. The Broadwater is heavily utilised by recreational 

boats where there has been a 28% increase in registered vessels on the Gold Coast between 2005 and 

2010 (Queensland Transport, 2009). This recreational boating activity can have a significant impact 

on coastal environments (Leon & Warnken 2008), and in particular on seagrass meadows and their 

associated fauna (Bell et al. 2002, Uhrin & Holmquist 2003, Burfeind & Stunz 2007, West 2011).   

 

Management of these coastal communities requires detailed information on the distribution and 

abundance of habitats and species as well as trends in these patterns at a landscape scale.  Therefore, I 

examine historical aerial photography available for the Gold Coast and then compare this with recent 

imagery to provide an assessment of the trends in extent, and composition of seagrass meadows as an 

important habitat for green turtles.  I also compare the relative availability of foraging resources (e.g. 

macroalgae) associated with other submerged habitats (e.g. artificial rock walls) to that within 

seagrass meadows. Therefore this Chapter addresses the following specific research question and 

hypothesis: 
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1. As a primary food source for green turtles, has the availability of seagrass meadows on the Gold 

Coast changed over time?  It is hypothesised that ongoing urban development would have led to a 

decline in and fragmentation of available seagrass habitat.   

 

2.2 Methods 

2.2.1 Study area 

The Broadwater estuary on the Gold Coast, eastern Australia, extends from the area known as the 

‘Spit’ (UTM, 56J: 541472m, 6905124m) in the south-east, to the ‘Jumpinpin’ (UTM, 56J: 543750m, 

6931880m) in the north and is bound by South Stradbroke Island to the east and the mainland to the 

west. It encompasses an area of 6782 ha and forms an important part of the extensive estuarine system 

of southern Moreton Bay (Figure 2.2).   
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Figure 2.2. Location of Gold Coast Broadwater area and smaller southern study area extent (outlined) 

as used by McLennan & Sumpton (2005). 

 

This study quantified the areal change in seagrass communities within the Broadwater area as defined 

above.  In addition, a smaller study area located between Sovereign Island (UTM, 56J: 539780 m, 

6917820 m), Brown Island (UTM, 56J: 541130m, 6917780 m) and the Nerang River outlet (UTM 

56J: 541470 m, 6905340 m) was used to enable comparisons with previous seagrass mapping studies 

(Hyland et al. 1989, McLennan & Sumpton 2005) in the region (Figure 2.2). Aerial photography 

(1987, 1995 and 2005) was used to compare changes in seagrass distribution within the study area.  

Aerial photography is most useful in recording seagrass from intertidal and shallow (<10 m) subtidal 
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habitats (Pasqualini et al. 1999, McKenzie et al. 2001) and the Broadwater has a mean depth of 2.3 m 

below the Australian Height Datum and a maximum depth of 18 m.   

 

2.2.2 Seagrass mapping  

Seagrass habitats within the Broadwater were mapped using high-resolution 2005 aerial photography 

obtained from Gold Coast City Council at a scale of 1:10 000 and pixel size of 0.15 m. Using desktop 

GIS mapping (MapInfo Professional 8.0), polygons were drawn over all potential seagrass meadows 

at a scale of 1:5000. Spatial accuracy was estimated to be approximately ±1 m on well-defined 

boundaries (e.g. dense seagrass meadows) and ±2 m along poorly defined boundaries (e.g. sparse 

seagrass meadows). The geometry (area and perimeter) of digitised polygons was calculated prior to 

storage and interpretation. The colour and texture of seagrass has previously been used to classify 

aerial photography mapping categories in either colour or greyscale imagery (Seddon et al. 2000, 

Kendrick et al. 2002).  Darker image signatures can often be confused with anoxic sediments, algal 

concentrations, rocky substrates and dieback of seagrass itself (Seddon et al. 2000, McKenzie et al. 

2001), but in my study, seagrass was defined as a distinct photo tone of brown-grey in the colour 

imagery.  Subsequent ground-truthing was used to validate image classification of meadows.  

Mapping also followed a set of control rules to isolate and distinguish seagrass meadows throughout 

the study area. These included: 

 

(a) isolated patches of seagrass less than 0.2 ha were not mapped; 

(b) mapping was completed by a single interpreter to reduce digitisation bias; and 

(c) mapping and removing the area of sand patches (sizes ranged from < 0.1 ha – 7 ha) within 

larger contiguous seagrass patches to provide a more accurate representation of the areal 

extent of seagrass meadows. 

 

Photo-interpretation in the current study was similar to that used in the previous studies, however, the 

spatial rectification and scale of mapping used was improved (Table 2.1).  In addition to the fine-scale 
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assessment of current seagrass coverage, maps produced by previous studies were also digitised into 

GIS to facilitate the analysis of temporal changes in the distribution and abundance of seagrass 

meadows.  Seagrass coverage is described as the areal extent of seagrass meadows to distinguish this 

from measures of species-specific seagrass cover assessments (see Kendrick et al. 2002). 

 

Table 2.1. Summary of seagrass mapping studies undertaken in the Gold Coast Broadwater between 

1987 and 2009. 

 

Author Extent / grain 
Map scale / 

Date 

Spatial 

rectification 

Photo-

interpretation 
Ground truthing 

Hyland et al. 

(1989) 

Gold Coast to 

Noosa / coarse 
1:25 000 / 1987 None Manual 

Spot dives 

located by GPS 

McLennan and 

Sumpton (2005) 

Gold Coast 

Broadwater, 

subregion / 

medium 

1:18 000 / 1995 Digital Manual 

Spot dives and 

manta board 

with GPS 

Current study 

(2008/09) 

Gold Coast 

Broadwater / 

fine 

1:10 000 / 2005 Digital Manual 
Spot dives 

located by GPS 

 

 

2.2.3 Ground-truthing and assessment of seagrass communities 

Each of the 166 areas of seagrass mapped in the Broadwater during this study was sampled to verify 

the presence of seagrass communities.  A total of 359 sampling points within seagrass polygons were 

randomly chosen from the digitised maps with the coordinates plotted on a field map. Of these, 139 

sampling points were within the smaller study area providing comparative data to facilitate the 

analysis of temporal changes in seagrass cover and community structure (Appendix A). Field work 

and data collection was undertaken between September 2008 and April 2009 to validate aerial 

photography, confirm seagrass presence, identify species and estimate seagrass cover. Sampling 

points were accessed by boat using a Garmin GPS Map60CSx. At each sampling point a variety of 

categorical parameters were recorded to quantify seagrass communities present within a 1 m² quadrat. 



   

31 

 

This maintained consistency with existing seagrass monitoring programs in south-east Queensland 

(sensu McKenzie & Yoshida 2009) and included records of geographical location (easting, northing), 

date, water depth (m), seagrass cover (0% none, 1-25% sparse, 26-50% medium, 51-75% medium-

dense, 76-100% dense), species (dominant, secondary and minor – based on seagrass coverage), 

presence/absence of macroalgae or Lyngbya majuscula (a cyanobacterium), and method used for 

observation (V-above water, B-bathyscope, S-snorkel, C-camera).  NOAA AVHRR optimally 

interpolated sea surface temperature (SST) data were supplied by the Australian Bureau of 

Meteorology and mean SST values for the Gold Coast were calculated bimonthly for a period of three 

years following each year of mapping (i.e. 1987, 1995 and 2005) to determine any significant 

differences.  

 

2.2.4 Macro algae within seagrass and rocky substrate habitats of the Gold Coast  

Eight sampling locations within mapped seagrass polygons in the Broadwater (based upon observed 

sightings of green turtles) were chosen (Figure 2.3a).  Two additional sampling locations were 

selected along the Gold Coast seaway (Figure 2.3b) and Tweed River entrance (Figure 2.3c) rock 

walls to represent these artificial structures and were also selected based upon historical underwater 

sightings of sea turtles.  Sampling occurred in November 2011 when locations were accessed by boat 

using a GPS.  Diver observations were used to examine algal composition within seagrass beds of the 

Broadwater and along the rocky substrates of the Seaway and Tweed River entrance rock walls.  At 

each sampling location two divers sampled five 1 m² quadrats at 10 m intervals along a 50m transect 

at a depth of 5 m.
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Figure 2.3. Survey sites used to assess macroalgal species composition and cover within seagrass habitat (A), rock wall habitats of the Gold Coast Seaway (B), 

and Tweed River (C).
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The transect line was secured to the substrate with an anchor at the start and end points of each 

transect.  Data were recorded in this manner to maintain consistency with existing macroalgae 

monitoring programs in southeast Queensland (sensu Moreton Bay Macro algae, Centre for Marine 

Studies 2003) and included records of geographical location (UTM location: easting, northing), date, 

water depth (m), algae cover (0% none, 1-25% sparse, 26-50% medium, 51-75% medium-dense, 76-

100% dense), species and method used for observation (V-above water, B-bathyscope, S-snorkel, C-

camera). Assessment of the changes in algae within each seagrass and rocky substrate transect was 

made by calculating the number of species and determining a mean percentage of algal coverage. 

 

2.2.5 Data analysis 

Fragmentation of seagrass meadows was quantified by comparing the number of seagrass patches 

between 1987 and 2005 for the full extent of the study area, while these comparisons included 1995 

data for the smaller southern Broadwater extent.  Areal figures used in the current analysis were those 

derived from the revised mapping of historical data for the study area.  This was done as a number of 

area estimation errors were detected within the previous analyses and the revision of these figures 

using the current digitising procedure removed such bias.  Consequently, rectified figures were used 

for all historical mapping estimates.  Fragmentation effects on the area and shape of seagrass 

meadows were determined by assessing the differences in mean patch size and mean shape index 

(sensu Laurance & Yensen 1991) using a combination of t-tests (between 1987 and 2005) and one-

way ANOVA (between 1987, 1995 and 2005) where the patches mapped within each year provided 

sample replicates.  Post-hoc comparisons among years were made using Tukey HSD tests to isolate 

significant factors.  Temporal separation of samples was assumed to be sufficient to ensure that 

samples were independent, while Morans I measures, calculated using spatial analyst tools in ArcGIS, 

revealed that there was no intra-annual spatial autocorrelation.  Subsampling is undertaken in 

fragment analyses to minimise the effects of spatial autocorrelation (see Broadbent et al. 2008), but all 

patches were randomly spaced for all years surveyed during this study and were therefore considered 

sufficiently independent.  Changes among years in the species richness of each seagrass patch was 
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also assessed using a t-test while changes in the frequency of occurrence of seagrass species within the 

Broadwater were determined by making an a priori assumption that all seagrass species would be 

found at similar levels to those in 1987.  These expected occurrence patterns were then compared to 

the observed patterns using a Chi-square analysis.  All statistical analyses were performed in 

STATISTICA (Ver 7.1, Statsoft) with alpha set at 0.05 to determine significant effects.  Data were 

transformed using a natural logarithm prior to analysis to meet the assumptions of normality.  

 

2.3 Results  

2.3.1 Seagrass distribution and coverage 

In 2005, seagrass meadows covered an area of 1208 ha within the Gold Coast Broadwater.  A total of 

166 seagrass patches were mapped which ranged in size from 0.25 ha to 124.4 ha with a mean size of 

7.3 ± 15.9 ha.  This represents an increase in seagrass coverage of 347 ha since 1987 when 73 patches 

totalling 861 ha were mapped for the entire Broadwater area (Table 2.2, Appendix A, B).  Sixteen 

meadows totalling 80 ha (mean = 4.9 ha ± 6.6 ha) mapped in 1987 were lost entirely by 2005 and 91 

entirely new meadows totalling 252 ha (mean = 2.8 ha ± 4.3 ha) were mapped in 2005.  The 57 

remaining areas mapped in 1987 all overlapped to varying degrees with areas mapped in 2005.  

Despite the increase in the total seagrass area, there was a significant decline in the mean patch size of 

seagrass meadows between 1987 and 2005 (t = 4.36, d.f. = 237, P < 0.0001) and this was 

accompanied by an increase in the overall shape index of these patches (t = -9.81, d.f. = 237, P < 

0.0001) (Table 2.3).  There was no difference in seagrass mean patch size between the entire 

Broadwater and smaller study area in 2005 (t = 0.21, d.f. = 207, P = 0.828). 
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Table 2.2.  Temporal changes in the areal extent of seagrass and fragmentation indicators for the Gold 

Coast Broadwater between 1987 and 2005 and the southern study area between 1987, 1995 and 2005. 

Parameter 1987 1995 2005 Statistic Significance 

Gold Coast Broadwater 

Total seagrass area (ha) 861 - 1208   

Number of patches 73 - 166   

Patch area (mean ± SE) 

(ha) 

11.8 ± 1.9 - 7.3 ± 1.2 t = 4.36 P < 0.0001 

Shape index (mean ± 

SE) 

1.6 ± 0.07 - 2.8 ± 0.09 t = -9.81 P < 0.0001 

Southern study area 

Total seagrass area (ha) 188 310 340   

Number of patches 16 45 43   

Patch area (mean ± SE) 

(ha) 

11.8 ± 3.1 6.9 ± 2.4 8.0 ± 2.4 F = 3.91 P < 0.05 

Shape index (mean ± 

SE) 

2.0 ± 0.26 2.3 ± 0.14 3.0 ± 0.2 F = 7.03 P < 0.001 

 

An increase in the seagrass coverage in the smaller study region between 1987, 1995 and 2005 was 

also observed.  The historical seagrass coverage estimate for 1987 for the Broadwater was 506 ha 

(Hyland et al. 1989), however estimate verification for the identical patches in this study recorded 621 

ha.  Consequently an area of 188 ha for the smaller study region for 1987 was calculated.  There has 

therefore been an increase in seagrass coverage of 122 ha between 1987 and 1995 with a further 

increase of 30 ha between 1995 and 2005 (Table 2.3, Fig. 2.4).  Once again, despite the increase in 

overall area of seagrass meadows these areas have become more fragmented as shown by the decline 

in mean patch size  since 1987 (with a marginal increase between 1995 and 2005) (F = 3.91, d.f. = 

2,101, P < 0.05) as shown by a Tukey’s post-hoc analysis.  Furthermore, there was also a significant 
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increase in the patch shape index (F = 7.03, d.f. = 2, 101, P < 0.001) during this period (Table 2.2) 

where Tukey’s post-hoc analyses revealed that the shape index was greatest in 2005 with no 

difference between 1987 and 1995.  Analysis of changes in seagrass meadows between 1995 and 2005 

within the larger region show that there are no significant differences in area, but that meadows have 

become more complex with a significantly higher patch shape index (t = 2.88, d.f. = 86, P < 0.01). 

Spatial comparison of these meadows revealed that some areas have coalesced and increased in size 

(e.g. the northeast and southwest sectors), while others have declined or become more fragmented 

(e.g. western shoreline, central meadows).  For the 19 regions with overlapping seagrass meadows, 

eight were stable in terms of the number of patches present, seven had an increasing number of 

patches and four had a decrease in the number of patches.  The majority of regions (86 %) that had an 

increasing number of patches declined in the total area covered, while 63 % of stable regions declined 

in seagrass coverage.  All four regions that had a reduction in seagrass patches (i.e. growth and 

coalescence) showed an increase in areal coverage (Fig. 2.4). 

 

Table 2.3. Seagrass area (ha) mapped within the Gold Coast Broadwater and southern study area (see 

Figure 2.2) for 1987, 1995, and 2005.  Previously published figures as well as rectified figures (see 

section 2.2.5) are presented.  

  Seagrass Area 

  1987* 1995# 2005 

 

Total 

aquatic 

area  

Published 

area 

% 

Rectified 

area 

% 

Published 

area 

% 

Rectified 

area 

% 

Mapped 

area 

% 

Gold Coast 6783 ?  861 13 - - - - 1208 18 

Broadwater^ 4447 506 11 621 14 - - - - 901 20 

Southern 

study area 

1676 ? 31 188 11 304 18 310 19 340 21 

 

*
 Published figures obtained from Hyland et al. (1989). 

#  
Published figures obtained from McLennan and Sumpton (2005), who only mapped the smaller study area 

region. 

^
 This area covers the Broadwater as defined by Hyland et al. (1989) from the Nerang River to Kangaroo Island.
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Figure 2.4. Mapped seagrass habitat of the southern Gold Coast Broadwater study area for 1987 (Hyland et al. 1989), 1995  

(McLennan and Sumpton 2005) and the current study highlight the increasing levels of fragmentation within these habitat.
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2.3.2 Seagrass communities 

Six species of seagrass were identified from seagrass patches in the Broadwater during this survey: 

Zostera muelleri, Cymodocea serrulata, Halophila ovalis, Halophila spinulosa, Halodule 

uninervis, and Syringodium isoetifolium.  Not all species were present in all patches and patch 

richness ranged from one to five species.  There was however, a significant increase in the patch 

species richness between 1987 (1.4 ± 0.7) and 2008 (2.0 ± 1.1) (t = -3.87, d.f. = 237, P < 0.0005).  

An increase in the frequency of occurrence of C. serrulata in seagrass patches together with Z. 

muelleri and H. ovalis contributed to the significant difference in the frequency of occurrence of 

seagrass species within Broadwater meadows (χ² = 108.5, d.f. = 5, P < 0.0001) (Fig. 2.5).  Seagrass 

meadows were characterised by primarily three species, namely Z. muelleri, H. ovalis and H. 

spinulosa, which were of either dominant or had secondary occurrence in 65 %, 46 % and 13 % of 

all points sampled.  Halodule uninervis and S. isoetifolium were only reported in the most recent 

surveys and only from a small proportion of sampling points (5 % and 1 %, respectively).  

Seagrass cover was medium-dense to dense in 46.4 %, medium in 31.3 % and sparse in 18.7 % of 

meadows.  Macroalgae were present in 36.7 % of all patches.  There was no relationship between 

seagrass cover and shape index (Pearson R² = 0.015, d.f. = 1,163, P = 0.122).  There was also no 

change in bimonthly sea surface temperatures (SST) for the study area (F = 0.13, d.f. = 2,54, P = 

0.88), with SST values of 23.8°C (SD = 1.9) in 1987, 23.9°C (SD = 2.0) in 1995 and 24.1°C (SD = 

2.0) in 2008. 
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Figure 2.5. Frequency of occurrence of seagrass species recorded from 359 seagrass patches on the 

Gold Coast Broadwater in 1987 and 2008/9. 

 

2.3.3 Macroalgae within seagrass and rocky substrate habitats   

Macroalgal species were present in 52.4% of all seagrass meadows within the Broadwater. A total 

of eight macroalgal species were recorded, four within seagrass meadow patches of the Broadwater 

and six from rocky substrate habitats of the Seaway and Tweed rock walls. Species recorded 

included Bryopsis pennata, Hydroclathrus clathratus, Sargassum sp., Delisea pulchia, Ulva 

australis, Dictyota dichotoma, Caulerpa taxifolia and Coralline spp. Hydroclathrus clathratus was 

recorded from both rock wall locations as well as 63% of seagrass sites.  Four species (D. pulchia, 

U. australis, D. dichotoma and Coralline spp.) were only recorded from rock wall habitats while 

Sargassum sp. and C. taxifolia were recorded only from seagrass meadows.  Two seagrass sites 

had no macroalgae present on transects sampled.   
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While macroalgal percentage cover was greater in rock wall habitats (mean ± SD cover = 53.6 ± 

20.6%) this was not significantly different (t = -2.5, d.f. = 1, P = 0.24) to that in seagrass meadows 

sampled (mean ± SD cover = 16.6 ± 5.7 %) (Table 2.4, Figure 2.6).  Given that the rock wall 

habitats are relatively less abundant than seagrass meadows in the region the overall macroalgal 

coverage on these habitats (approximately 0.96 ha in the Gold Coast Seaway and 0.33 ha along the 

Tweed River) is estimated to be two orders of magnitude less than macroalgal cover across all 

seagrass meadows in the Broadwater (~ 120 ha).  

 

Table 2.4.  Composition of macroalgae within seagrass and rocky substrate habitats. 

Habitat Transect Macroalgal species cover* Mean cover Species 

  A B C D E F G H (%) richness 

Seagrass A 2 - 13 - - - - 1 2 1 

 B - - - - - - - - - 0 

 C - - - - - - - - - 0 

 D 16 2 16 - - - - - 4.25 3 

 E - 1 24 0.2 - - - - 3.15 3 

 F - - 18 - - - - - 2.25 1 

 G - - - - - - - - - 1 

 H 2 - 9 0.4 - - - - 1.43 3 

            

Rock wall 1 4 - 30 1 6 5 18 2 8.88 6 

 2 - - 30 - - 7 - - 4.88 2 

 

* Macroalgal species codes are; A = Bryopsis pennata; B = Sargassum sp; C = Hydroclathrus 

clathratus; D = Caulerpa taxifolia; E = Delisea pulchia; F = Ulva australis; G = Dictyota 

dichotoma; H = Corallina spp. 
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Figure 2.6.  Mean (±SD) macroalgae cover (squares and solid error bars) and species richness 

(circles and dashed error bars) within seagrass and rock wall habitats. 

 

2.4 Discussion 

2.4.1 Seagrass patterns 

Overall, seagrass meadows have become increasingly fragmented within the Gold Coast 

Broadwater since previous surveys in 1987 and 1995.  However, these patterns are difficult to 

explain given that some areas appear to have become more fragmented while others have 

coalesced.  Furthermore, despite the increased degree of fragmentation, an overall increase in 

seagrass coverage combined with an increase in the species richness of these areas was recorded 

during this period.  This increase in seagrass coverage on the Gold Coast is in contrast to general 

global patterns of decline and extinction risk (Orth et al. 2006, Waycott et al. 2009, Short et al. 

2011) but supports the recent findings that these six species have stable global populations (Short 

et al. 2011).  Changes in the areal extent of seagrass is often the focus of seagrass mapping studies 
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(Larkum & West 1990 Kendrick et al. 2000, 2002), but few mention the significance of ongoing 

meadow fragmentation and how these effects may influence seagrass ecology.  Reporting on only 

deviations in the areal extent does not present a complete appraisal of the dynamics of these 

seagrass meadows as fragmentation can influence the population dynamics of seagrasses (Vermaat 

et al. 2004).  Furthermore, fragmentation of seagrass meadows in areas where the areal extent is 

stable or increasing may have significant consequences for other marine fauna which show 

variable responses to these effects both within and across patch boundaries (Tanner 2005, Boström 

et al. 2006, Connolly & Hindell 2006, Mills & Berkenbusch 2009, Murphy et al. 2010, Smith et al. 

2010).  The scale at which fragmentation operates may be central to how seagrasses and their 

associated communities respond to such disturbance.  For example, I have reported on the large 

scale landscape changes in seagrass meadow patch size and shape.  In some areas seagrass 

meadows have increased while in others they have declined.  This suggests that individual patches 

may be affected by local scale fragmentation drivers (e.g. propeller scarring, boat moorings, 

sedimentation), resulting in heterogeneous dynamic environments at the landscape scale.  While 

not assessed in my study, the seagrass meadows of the Broadwater are impacted by boat propellers 

as well as anchoring points (A. Cuttriss Pers. Obs.), which is consistent with other studies 

(Burfeind & Stunz 2007, Montefalcone et al. 2008, West 2011).  Consequently, seagrass meadow 

resilience and recovery to local scale fragmentation disturbance remains to be assessed across the 

broader landscape. 

 

This study identified issues with the historical mapping of seagrass meadows in relation to the 

mapping scales and sampling methodologies, confirming that there may be inherent bias in such 

analyses (Leriche et al. 2004, Meehan et al. 2005).  Historical mapping on the Gold Coast 

underestimated the extent of seagrass meadows (see Table 2.3), in contrast with those of Meehan et 

al. (2005).  Furthermore, topological inconsistencies with historical digital data precluded the 

analysis of finer scale gain and loss of individual meadows.  The changes observed in this study 

could therefore be due to improved aerial image resolution and mapping accuracy, particularly 
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between the 1987 and 2005 datasets.  Nevertheless, the potential changes being brought about by 

other coastal disturbance processes such as dredging, sedimentation or boating impacts cannot be 

disregarded. Further research is required to quantify potential causal drivers affecting seagrass 

dynamics but such analyses will be required at a much finer resolution.  By capturing the seagrass 

meadows at a high spatial resolution, in an appropriate Australian mapping datum and projection 

(i.e. GDA1994, UTM Zone 56J), the current study provides a baseline for future detailed 

assessment of landscape level processes within these coastal environments, answering calls for 

increased precision and accuracy in seagrass mapping (Coles et al. 2004). 

 

2.4.2 Seagrass community responses to fragmentation  

In addition to the changes in seagrass coverage over time, an increase in species richness and 

species heterogeneity at the landscape scale was also recorded.  Fragmentation mechanisms can 

operate in isolation or in combination to impact on seagrass meadows affecting both their 

composition and potentially their establishment.  Fragmentation can affect the population dynamics 

of seagrass species influencing the reproductive output of species as a function of seagrass cover 

(Reusch 2003, Vermaat et al. 2004), but also potential invasion by macroalgae (Ballesteros et al. 

2007).  Macroalgae were recorded in almost 40% of all seagrass meadows mapped in this study.  

However, the degree to which they may be invading meadows was not assessed as neither Hyland 

et al. (1989), or McLennan & Sumpton (2005) reported on the presence of macroalgae in the 

Broadwater.  Seagrass cover within meadows appears to be similar to that recorded by McLennan 

and Sumpton (2005).  Further investigation of faunal responses to seagrass composition is also 

required to determine possible effects on faunal communities at the landscape scale (Nakaoka, 

2005, Gustafsson & Boström 2009, Boström et al. 2011). 

 

The six seagrass species recorded by this study include subtropical and temperate species 

commonly found in coastal habitats throughout Queensland waters (Carruthers et al. 2002).  The 

extinction risk of all species has recently been assessed as Least Concern globally with stable 
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population trends (Short et al. 2011).  For some, including S. isoetifolium, H. uninervis, H. 

spinulosa and C serrulata, the Moreton Bay region represents the southernmost distribution limit 

(Kirkman 1975, 1978, 1997).  The presence of H. uninervis and S. isoetifolium in recent surveys 

suggests some change in seagrass meadow communities.  While increasing SST can affect seagrass 

growth (Olsen et al. 2012), there is no support for temperature mediated colonisation by these 

additional species given that there was no significant increase in SST between 1987 and 2005.  

Furthermore, Grech et al. (2008) found that SST was not an important environmental driver in 

determining seagrass presence and distribution at both regional and sub-regional scales.  Given that 

H. uninervis is a widespread species dominant in intertidal environments (Kirkman 1997), it is 

possible that the current study sampled a greater range of habitats including both subtidal and 

intertidal areas resulting in the detection of these species.   

 

The dominance of Z. muelleri and H. ovalis in sample sites throughout the Broadwater may 

provide some insight into larger scale processes.  Halophila ovalis grows rapidly and has a high 

tolerance for disturbed environments, particularly those where sediments are continually being 

deposited.  Zostera muelleri is also a rapid vegetative coloniser and may be more resilient to small 

scale disturbances at the landscape scale (Coles et al. 2004, McLennan & Sumpton 2005).  

Furthermore, Matheson & Schwarz (2007) have shown that sediment conditions can affect 

seagrass declines, with seagrass growth and biomass being higher in sediments with existing 

seagrass than those where seagrass had declined or previously occurred.  Therefore, while 

sedimentation may favour some species, it could be detrimental to others and further research is 

required to determine species-specific responses at the landscape scale.  Monitoring the influx of 

sediment from stormwater discharges from four river catchments into the Broadwater combined 

with dredge sediments remains important, particularly in the light of ongoing coastal developments 

such as the proposed cruise ship terminal that will require ongoing dredging in this region.  While 

Coles et al. (2004), highlight that such developments are routinely regulated by environmental 

legislation, recent media reports (see Jabour 2012) suggest that political attitudes can derail these 
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processes.  Furthermore, Carruthers et al. (2002) highlight that physical disturbances are the key 

limiting factor for seagrass communities in these coastal environments in Queensland. 

 

The mapping inconsistencies considered above could affect the interpretation of changes in 

seagrass coverage within the Gold Coast.  However, two primary drivers contributing to the 

changes in seagrass meadows and how these may be important for seagrass communities on the 

Gold Coast were also identified.  Firstly, alteration of sedimentation rates and accumulation of 

sand patches resulting from natural and/or human activities (Newell & Koch 2004), including 

climate change (Short & Neckles 1999), resulting in the modification of habitat suitability which 

affects seagrass growth. Secondly, habitat fragmentation resulting from both natural and 

anthropogenic disturbance processes including disease (Wilson 1949) and recreational activities 

(Hastings et al. 1995). 

 

2.4.3 Implications for seagrass conservation 

Seagrass meadows are susceptible to a variety of anthropogenic disturbance processes that can 

affect their spatial distribution and physical structure (Walker & McComb 1992, Kirkman 1997 

Tanner 2005, Montefalcone et al. 2010, Short et al. 2011).  While my study quantified changes in 

the areal extent of seagrass meadows, as well as their composition over time, quantifying the 

influence of fragmentation drivers on the Gold Coast is still required.  Boating activity and 

sedimentation processes (e.g. stormwater runoff, sand bypass systems and dredging) are likely to 

increase due to ongoing coastal development but their landscape level effects are poorly 

understood. 

 

An important message from this analysis is that seagrass habitats within the Gold Coast 

Broadwater are becoming more fragmented over time despite an overall increase in areal extent.  

Relatively few studies report on such fragmentation processes and their subsequent effects on 

faunal communities (Boström et al. 2006).  A greater number have reported on the possible 
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consequences of increased seagrass meadow fragmentation but general faunal response patterns 

remain elusive highlighting the complexity of these systems (Boström et al. 2006, Murphy et al. 

2010, Smith et al. 2010).  Recent studies have demonstrated variable responses by fauna to 

seagrass habitat fragmentation when considering two of the commonly investigated patch 

attributes, namely size and edge (Tanner 2005, Boström et al. 2006, Connolly & Hindell 2006, 

Jelbart et al. 2007, Mills & Berkenbusch 2009, Smith et al. 2010).  Seagrass habitat structure and 

complexity has also been the focus of a number of studies where percentage cover, biomass, and 

shoot structure arise as important explanatory variables (Boström et al. 2006).  However, one 

element that appears to have received relatively little attention is how these faunal communities 

may be responding to changes in the species composition and richness within seagrass patches.  

My research detected a significant increase in the mean species richness among patches over time, 

but that there was also considerable heterogeneity within the system as richness of individual 

patches ranged from one to five species.  While species richness does not appear to be an important 

factor in structuring faunal colonisation in artificial seagrass habitat manipulations, certain faunal 

groups (i.e. amphipods, Gammarus spp, and lagoon cockles, Cerastoderma glaucum), were 

affected by seagrass species composition (Gustafsson & Boström 2009).  These composition 

effects need to be to be tested in situ and landscape scale studies are needed to isolate important 

parameters influencing the dynamics within these seagrass communities (Nakaoka 2005).  The 

current analysis of the spatial patterns of seagrass habitats within the Gold Coast therefore provides 

the foundations for further empirical studies testing these complex dynamics at a larger scale. 

 

From the perspective of green turtle conservation, seagrass meadows represent foraging pastures 

which support turtles to different degrees based on their carrying capacities (Bjorndal et al. 2000, 

Jackson 1997).  Bjorndal (1997) highlights that green turtles do not graze randomly.  Rather, turtles 

are known to select young actively growing tissue at the base of the leaves without disturbing the 

below-ground plant parts (Bjorndal 1997, Aragones & Marsh 2000), allowing these benthic 

communities to rejuvenate.  However, in areas with higher densities of green turtles, overgrazing 
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can also have significant impacts on seagrass production at larger scales (Bjorndal et al. 2000, 

2005). Increased fragmentation is therefore likely to reduce habitat quality and influence the 

number of foraging green turtles that can be sustained by these habitats.  

 

2.4.4 Macroalgae within seagrass and rocky substrate habitats 

My study has highlighted the value of relatively small artificial rock walls (Gold Coast Seaway 

rock wall) for promoting a higher level of macroalgal cover and richness as compared to the total 

macroalgal cover found within seagrass habitats. The Gold Coast Seaway rock wall was completed 

in 1986 to provide safe access to the ocean and to reduce erosion effects upon the Gold Coast 

mainland (Sennes et al. 2007). Numerous studies have described in detail the types of organisms 

that dominate artificial structures (Connell & Glasby 1999, Kay & Keough 1981, Kay & Butler 

1983) such as the seaway rock wall, with local physical and nutritional conditions influencing the 

species richness and abundance (Glasby 1998, Butler & Connolly 1999). Butler & Connolly (1996) 

have also demonstrated that organisms on artificial structures can also occur on nearby reefs, 

however not necessarily in the same abundances. Artificial structures such as breakwaters, piles 

and wharfs have been shown to attract many species of reef fish, sometimes in greater numbers 

than in natural habitats. Numerous reasons have been proposed to explain why marine organisms 

aggregate around artificial structures such as the seaway rockwall: it may provide shelter from 

predation, additional food and provide a position for orientation or extra habitat for recruitment 

(Clynick 2002). With increasing destruction of natural habitats, such as seagrasses and rocky reefs, 

artificial structures are becoming increasingly important. My study has identified that the physical 

complexity of an artificial rocky substrate, at the small spatial scale, seems to play an important 

role in determining algae species richness and abundance, highlighting the Seaway rock wall as 

habitat for promoting algae richness and abundance. 

 

Macroalgae are a relatively common element within near shore substratum communities and they 

play an important functional role in coastal ecosystems (Pallas et al. 2006, Cacabelos et al. 2010).  
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Macroalgal growth on artificial structures (e.g. rock walls) may provide important supplementary 

sources of food for green turtles and Santos et al. (2011) demonstrates that marina algae forms the 

dominate component of green turtle diet.  The importance of macroalgae in the diet of green turtle 

is also reported more generally (Andre et al. 2005, Fuentes et al. 2006, Forbes 1996), highlighting 

this dependence from numerous regions including Brazil (Sazima & Sazima 1983, Santos et al. 

2011), Florida (Makowski et al. 2006), Hawaii (Arthur & Balazs 2008, Russell & Balazs 2009), 

Oman (Ferreira et al. 2006) and Mexico (López-Mendilaharsu et al. 2005, Seminoff et al. 2002). 

The importance of collecting individual and localised data on foraging habitat has been highlighted 

(Burkholder et al. 2011) and this forms the basis of my work in Chapter 3 where I look at the 

relative use of these submerged habitats by sea turtles. 

 

2.5 Conclusion 

The spatial and temporal distribution of seagrass within the Gold Coast Broadwater supports the 

hypothesis that seagrass is the predominant foraging habitat available for green turtles within the 

Broadwater. However, the data also demonstrates how seagrass communities have become more 

fragmented despite an overall increase in areal extent in the past 22 years, and highlights the 

limitations associated with historical mapping procedures and the resultant value for future 

comparisons.   Finally, my research also describes the community richness of the seaway rock wall 

and the importance of this habitat for promoting macro algal richness and abundance. 
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Chapter 3: Sea turtle habitat utilisation within the Gold 

Coast region 

3.1 Introduction 

Sea turtles utilise a diversity of ecosystems at different stages of their life cycles.  These include 

terrestrial habitats where oviposition and embryonic development occurs to developmental and 

foraging habitats in coastal (neritic zone) and open waters (oceanic zone) (Bolten 2003).  Despite sea 

turtles spending the bulk of their lives in the marine environment little is known about these life 

history stages compared to the much shorter terrestrial phases (Hamann et al. 2010).  The use of these 

habitats varies depending on species-specific habitat requirements (Bjorndal 1997, Musick & Limpus 

1997, Bolten 2003, Plotkin et al. 2003).  For example, green turtle use of marine habitats is largely a 

function of food density and distribution (Medonca 1983, Renaud et al. 1995). In addition, studies on 

juvenile green turtles have demonstrated recruitment to coastal foraging habitats at approximately 2-7 

years of age, where individuals then remain for 10-20 years displaying high site fidelity (Carr 1987, 

Limpus et al. 1994, Pritchard 1997).  Furthermore, the relative importance of different habitats may 

vary between turtle age classes.  Developmental habitats have been described by Bjorndal & Bolten 

(1996) in which small turtles initially recruited to an inshore feeding area and then move onto an adult 

foraging habitat.  Recruiting green turtles (i.e. younger) also appear to supplement their diet 

considerably, consuming large amounts of macroalgae and mangrove vegetation (Brand-Gardner et al. 

1999, Read & Limpus 2002, Arthur et al. 2008).  This suggests that green turtles may partition their 

habitat use according to their age-specific requirements (Arthur et al. 2008), and highlights the 

importance of submerged vegetation communities. 

 

While sea turtles have a very short terrestrial phase, nesting habitats are also critical to their survival.  

Research on nesting is well established (Mortimer 1982, Mortimer 1990, Hays et al. 1995, Putman et 

al. 2010) and sea turtle nesting studies have provided insight into local environmental traits associated 
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with individual nest sites (Carthy et al. 2003) and estimates of turtle population size (Hays 2000). 

However, there remain a number of research priorities related to the reproductive biology of sea turtles 

(Hamann et al. 2010).  These include factors driving nest site selection, nesting turtle behaviour, sex-

ratio variation among breeding populations and sustaining hatchling production (Hamann et al. 2010). 

Furthermore, little is known about factors that influence nest density across regional scales 

(Witherington et al. 2009) and about the biology and habitat requirements of post-hatchling and early 

juvenile stages of green turtles (Carr 1987, Bolten & Balazs 1995, Hart & Fujisaki 2010). Therefore 

nesting events, incubation environment and hatchling success factors need to be considered when 

making accurate assessments of nesting patterns. 

 

In Australia a number of studies have advanced our general understanding of loggerhead and green 

turtle populations (Limpus et al. 1984, Limpus 1993, Gyuris & Limpus 1988, Limpus et al. 1992, 

Heppell et al. 1996).  However, fine-scale habitat usage data for turtles within the southern peripheral 

range limits is limited, particularly for juveniles, since most research on this species has been 

conducted at breeding sites (Limpus & Reed 1985, Limpus et al. 1992, Chaloupka & Limpus 2001, 

Limpus et al. 2003). This highlights the need for further research within localised ecosystems.  

Collecting data on nest clutch sizes, predation rates, development rates, and hatching rates can be 

undertaken relatively easily (Weishampel et al. 2003) and provides a relatively accurate measure of 

nesting patterns (Weishampel et al. 2003).  Additionally, population trends are often determined by 

numbers of nesting females or numbers of nests deposited, allowing estimates of population changes 

over time (e.g. Bjorndal et al. 1999, Balazs & Chaloupka 2004). Similarly, data collection through 

telemetry helps elucidate the frequency and timing of visitation to foraging or resting sites (Seminoff 

et al. 2002, Makowski et al. 2006), however this technology is limited in some respects with regards 

to its ability to record underwater behaviour.  This has been demonstrated in a previous study in which 

loggerhead turtles were thought to be resting on the seabed, but were actually foraging on bivalves 

(Houghton et al. 2008). An alternative approach to assessing habitat usage and specific behaviour is 

through surveys that rely on underwater observations of turtles within their natural habitats. 
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Furthermore, this also provides researchers the opportunity to ‘ground-truth’ electronic data by 

identifying the type of habitats associated with a specific behaviour.  The collection of baseline data 

on localised turtle ecology and information that identifies and delineates habitat therefore becomes 

critical for the design of effective conservation and management strategies (Dow Piniak & Eckert 

2011), whilst providing valuable contributions to regional datasets. 

  

Therefore, this chapter aims to utilise a combination of nesting pattern (including hatching success) 

data and observational habitat use records (i.e. specific age classes and relative abundance) to provide 

the first holistic assessment of turtle habitat use within the southern peripheral limits of eastern 

Australian turtle populations on the Gold Coast.  My objective was to answer the following research 

questions; (1) what is the nature of sea turtle nesting on Gold Coast beaches and how successful are 

these nesting events?  Here I examined nesting data records for South Stradbroke Island (SSI) to 

assess the current nesting patterns, nesting environment (sand temperature, inundation) as well as 

hatchling success. In line with climate change predictions I expected sand temperatures to increase 

over time. Furthermore, I would expect nesting patterns to reflect low numbers of both loggerhead and 

green turtles given that these nesting environments are close to the recognised southern peripheral 

limits of these species, (2) does the relative habitat use by turtles differ on the Gold Coast?  Here I 

used observational dive data for near shore reef habitats (Cook Island, Nine Mile Reef and Black 

Rocks reef), artificial rock walls habitats (Seaway rock wall and Tweed rock wall) and seagrass 

habitats (southern Broadwater) to compare the relative abundance of sea turtles among these three 

habitats and test my assumption that there would be no difference in such habitat use.  

 

3.2 Methods 

3.2.1 Study area 

The marine and coastal habitats surveyed are situated between southern Moreton Bay in QLD (UTM 

56J: 543730 m, 6932570 m) and Pottsville in northern NSW (UTM 56J: 556540 m, 6870270 m) 
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(Figure 3.1).  A number of different sea turtle habitats are identified within the study area and include 

extensive seagrass meadows (Cuttriss et al. 2013), sandy beaches suitable for nesting, as well as near 

shore and offshore rocky substrates (artificial rock walls and rocky reefs).  Each of these habitats is 

described in further detail below.  

 

3.2.2 Nesting beach habitat - South Stradbroke Island (SSI) 

SSI is approximately 22 km long and 2.5 km wide. The area is home to a number of significant flora 

(e.g. Swamp Orchid Phaius australis, Native Smartweed Persicaria elatior and Stinking Cryptocarya 

Cryptocarya foetida) and fauna (e.g. Beach Stone Curlew, Esacus magnirostris, Little Tern, Sternula 

albifrons, Eastern Curlew Numenius madagascariensis, Grey-headed Flying-Fox Pteropus 

Poliocephalus, and Mangrove Mouse Xeromys myoides).  The island consists of sand blows, coastal 

fore dunes, and associated regrowth vegetation communities that support a distinct fauna assemblage 

characteristic of coastal sands and associated marine habitats of the coastal lowlands in Southeast 

Queensland (Sattler & Williams 1999).  The ‘South-East Queensland Regional Plan 2005-2026’ 

classifies SSI as a ‘regional landscape and rural production area’. This category protects this area from 

encroachment by inappropriate development.  Gold Coast City Council and the Department of 

Environment and Heritage Protection (EHP) jointly manage the ~1800 ha SSI Conservation Park 

(Figure 3.2).  

 

3.2.3 Seagrass habitat - Broadwater 

In 2005 seagrass meadows covered an area of 1208 ha within the Gold Coast Broadwater comprising 

166 seagrass patches which ranged in size from 0.25 ha to 124.4 ha with a mean size (± SD) of 7.3 ± 

15.9 ha (Cuttriss et al. 2013, Chapter 2).  While seagrass coverage had increased marginally since 

1987 these areas had become more fragmented (Cuttriss et al. 2013, Chapter 2).  Six species of 

seagrass were identified including:  Zostera muelleri, Cymodocea serrulata, Halophila ovalis, 

Halophila spinulosa, Syringodium isoetifolium and Halodule uninervis. Seagrass meadows were 

typically dominated by three species, Z. muelleri, H.ovalis and H. spinulosa (Cuttriss et al. 2013). For 
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the purposes of assessing habitat use by turtles two approaches were taken.  Firstly, eight transects 

were established in seagrass meadows between Sovereign Island (UTM, 56J: 539780 m, 6917820 m), 

Brown Island (UTM, 56J: 541130 m, 6917780 m) and Wave Break Island (UTM, 56J: 541470 m, 

6905340 m) (Figure 3.2) and these were each surveyed by boat on five separate occasions (see section 

3.3.2).  Secondly, all mapped seagrass meadows (see Chapter 2) were used in recording opportunistic 

sightings of turtles while sampling seagrass communities.  This provided a relative measure of the use 

of this habitat by turtles based on the presence of absence of turtles during these sampling periods. 

 

3.2.4 Rock wall habitat - Gold Coast Seaway and Tweed River  

The Gold Coast Seaway (UTM, 56J: 542610 m, 6909880 m) was constructed in 1985 replacing a 

natural shallow opening located approximately 500 m north of the current Gold Coast Seaway 

construction (Figure 3.2, Photo 3.1a). The Gold Coast Seaway has rock walls along both the southern 

and northern channel banks and these are approximately 960 m and 654 m in length respectively.  

Water depth ranges from approximately 2-20 m (I. Banks, Pers. Comm.)
1
, in the adjacent channel and 

is maintained through dredging. The seabed floor is mostly ‘coffee rock’, a colloquial terms used 

when referring to rock-like formations of indurated sands, covered by current-swept sand and is 

exposed where currents are strongest. The seawalls comprise of large boulders and the long and short 

sand bypass pipes that run across the Seaway attract large aggregations of fish (I. Banks Pers. Comm.). 

 

The Tweed River rock walls are of a similar construction to those on the Gold Coast and both of these 

artificial rock wall constructions provide habitat for a variety of marine organisms (Photo 3.1b).  The 

Tweed River has long been hindered by the periodic formation of sand shoals at the river entrance. 

Dredging has occurred since the late 1800s in an attempt to improve navigability with an extension of 

the rock walls at the river entrance constructed by 1965 (Dyson et al. 1999). As a result, patterns of 

erosion and accretion have been altered in the region resulting in a build-up of sand along ‘Letitia 

Spit’ and subsequent significant erosion along the southern Gold Coast beaches.  In response, the New 

                                                           

1 Ian Banks, Diving the Gold Coast, dive operator, 2009. 
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South Wales (NSW) and Queensland State Governments commissioned the design, construction, 

operation and maintenance of a permanent sand bypassing system for the Tweed River (Dyson et al. 

1999).  

 

          

     Photo 3.1: a) Gold Coast Seaway rock wall           b) Tweed River entrance rock wall 

 

3.2.5 Near shore reef habitat - Cook Island, Nine Mile and Black Rocks Reefs (submerged reef)    

The subtropical rocky reefs of Cook Island, Nine Mile and Black Rocks Reefs form part of a chain of 

islands and reefs with significant coral cover from the Queensland border (28° S) to the southern 

extent of extensive coral communities in eastern coastal Australia (31° S) (Department of 

Environment and Heritage 2012).  Cook Island, located approximately 600 m offshore from Fingal 

Head and four kilometres south-east of Tweed Heads is the northernmost permanent aquatic reserve in 

NSW. The island and associated aquatic reserve established to protect biodiversity (Department of 

Environment and Heritage 2012) cover 78 ha and includes waters within and around Cook Island to a 

500 m radius (Figure 3.1).  Nine Mile (UTM, 56J: 563135 m, 6854501 m) and Black Rocks  (UTM, 

56J: 561210 m, 6850449 m)  reefs are found in water between 9-30 m depth and are made up of a 

series of gullies and rocky ridges covered by extensive growths of hard and soft coral, anemones, 

ascidians and sponges (I. Banks, Pers. Comm.). Like other reefs in the region, it represents a transition 

between the tropical waters of the Great Barrier Reef and temperate waters characteristic of the mid 

http://www.lpma.nsw.gov.au/crown_lands/major_initiatives2/tweed_sand_bypass_project
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NSW coast.  These reefs also support large schools of bait fish, and are popular with local fishers (P. 

Comerford, Pers. Comm.)
2
.  

 

Figure 3.1: Demarcation of study area locations used to assess sea turtle habitat utilisation 

                                                           

2 Peter Comerford, Tweed Seasports, dive operator, 2009. 
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3.3 Turtle habitat use assessments 

3.3.1 South Stradbroke Island nesting patterns  

Sea turtle nest monitoring was undertaken during the turtle nesting season (November - March) 

between November 2008 and April 2010.  This was combined with additional nesting data from 

November 2002 to April 2008, collected by myself or reported in van de Merwe and Cuttriss (2006).  

Beach surveys were conducted along the 22 km eastern beach of SSI to record all sea turtle nesting 

events. Surveys were conducted as soon as possible after sunrise, every 1-2 days for the duration of 

the nesting season, and involved slowly driving a vehicle along the entire length of the beach looking 

for turtle tracks. Turtle track patterns were used to identify the species (Bustard 1972), and track 

length and the presence of a body pit in the hind dune provided an indication of whether a successful 

nesting event had occurred (Ehrhart 1995, Miller 1997, Pritchard & Mortimer 1999). GPS coordinates 

were recorded for each nest location and data loggers (DS1922L/T iButton®:1-Wire®; Maxim, USA) 

were placed adjacent (i.e. approx. 2-5 cm from the edge of the egg mass) to eight nests (at a depth of 

60 cm) and sand temperatures (± 0.5 ºC) were recorded over the course of incubation.  Predation of 

nests by lace monitor, Varanus varius, or fox, Vulpes vulpes, in the early stages of nest monitoring 

(2002-2003) led to subsequent nests being protected by placing a 1.5 m x 1.5 m square of plastic mesh 

(mesh size: 10 cm x 10 cm) 30 cm below the sand surface over nest sites. 

 

Following approximately 4-6 weeks of incubation, data loggers were removed and sand temperatures 

were plotted to determine an estimated hatching date.  Based on existing correlations between 

incubation time and nest temperatures (Miller 1985, Godfrey & Mrosovsky 1997), hatchling 

emergence could be predicted to within 4-7 days. When hatchlings were expected, the nests were 

monitored in the mornings for signs that the hatchlings had emerged and dispersed. After confirmation 

that hatchlings had emerged from the nest, the contents of the nest were excavated to determine 

hatching success. In cases where no sign of emergence was observed, excavation was delayed for a 

further two weeks.  
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3.3.2 Seagrass, rock wall and near shore reef habitat 

Seagrass habitats 

Eight survey transects were randomly placed within mapped seagrass polygons of the Broadwater (see 

Chapter 2) that had recorded sightings of sea turtles in the past (I. Banks, P. Comerford, Pers. Comm.) 

(Figure 3.2). A boat and Garmin GPS Map60CSx was used to access, locate and measure each ~100 m 

transect. A depth sounder was used to measure water depth and all surveys were undertaken in less 

than 2.5 metres of water with good visibility (i.e. the substrate of each transect could be clearly seen 

from the boat).   A compass bearing was chosen for each transect location based upon the physical 

constraints of the site. The boat moved at a slow and steady speed (< 5 knots) along the set bearing 

direction.  An observer positioned on the bow of the boat slowing scanned a 180 degree area in front 

of the boat looking for turtle activity. Each transect was sampled on five separate occasions and each 

survey took approximately 15 minutes to complete the entire transect.  For any observations, the 

species of turtle was identified and an estimate of is size was made.    

 

Rock wall and reef habitats 

To assess the use of rock wall and reef habitats (i.e. non-sandy substrate) SCUBA surveys were 

undertaken along the Gold Coast Seaway (six separate dives) and the Tweed River rock wall habitats 

(six separate dives) as well as Black Rocks Reef (five separate dives) located 800 m offshore from 

Pottsville, NSW to assess near shore reef habitat use (Figure 3.1). Two divers followed the same 

transect of approximately 100 m in each habitat on each dive.  Information recorded during each dive 

included:  total dive time (i.e. 25-40 minutes), species of turtle observed, estimate of turtle size (i.e. 

straight line carapace length), number of turtles observed on each dive, and turtle behaviour (i.e. 

forage, swim or rest). Underwater observations of turtles were undertaken by a single observer who 

kept a minimum distance of 4 m from the turtle in order to avoid disturbing the animal. Three possible 

behaviours were recorded: (1) foraging, (2) swimming and (3) resting. Additional data recorded 

included: (A) the number of turtles observed at each dive, (B) the species observed, (C) an estimate of 

size (i.e. curved carapace length), (D) geographical location (UTM location: easting, northing), (E) 
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date, and (F) water depth (m).  Estimates of the carapace length were used to classify each turtle 

observed as a juvenile, sub-adult or adult based on previously published literature for green and 

loggerhead turtles (Table 3.4) (Chaloupka & Limpus 2005).  

 

In summary, a total of thirteen 100 m transects were surveyed (8 transects within seagrass habitat, 2 

transects within rock wall habitat and 3 transects within near shore reef habitat) on a total of 57 

separate occasions (i.e. 40 surveys within seagrass habitat, 12 surveys within rock wall habitat and 5 

surveys  within near shore reef habitats) were undertaken.  The total survey time spent in each habitat 

was 600 minutes for seagrass, 392 minutes for rock walls and 145 minutes for reefs. 

 

In addition to the aforementioned habitat surveys I also requested dive records from two commercial 

recreational diving operators from the Gold Coast and Tweed regions.  These operators provided data 

for Nine Mile reef (15 separate dives), Cook Island (16 separate dives) and the Seaway rock wall (14 

separate dives) for the period February-November 2011.  During each of these dives operators and 

their dive teams recorded all observation of turtles noting; the total number of individuals, the species 

of all turtles observed as well as estimates of the carapace length for each turtle.  Operators were also 

able to identify individual turtle based on either flipper tags or other identifying features (e.g. carapace 

scars, relative size in comparison to other turtles, etc.). 

 

3.3.3 Data analysis 

Beach habitat was quantified by determining the number of nesting events and the hatching success 

between 2002 and 2010. Hatching success for each nest were calculated following methods described 

by Miller (1999), where the total number of hatched eggs, unhatched eggs and dead hatchlings are 

used to estimate a success rate for each nest.  The mean recorded temperatures of the beach 

environment adjacent to nests between 2002 and 2009 were also calculated to determine if the beach 

habitat was within the optimal range for sea turtle egg incubation. Furthermore, I compared the sand 
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temperatures adjacent to nests among years using a linear regression to identify any trend in sand 

temperature over time. 

 

An estimate of relative turtle abundance within each of the underwater habitats was determined by 

counting the number of turtles observed in each independent survey within each habitat and then 

accounting for survey effort (Table 3.1).  This simple relative measure was used over other analysis 

methods such as PRESENCE software (Hines 2006) as the number of surveys in each habitat and 

transect were not uniformly consistent and total number of observations was highly variable.  I tested 

for differences in turtle relative abundance among the three habitats surveyed using a chi-square 

analysis, testing the hypothesis that this would be uniform across all sites.  All statistical analyses were 

performed in STATISTICA (Ver 7.1, Statsoft) with alpha set at 0.05 to determine significant effects.   
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Figure 3.2: Marine and coastal habitats sampled in the vicinity of SSI.
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3.4 Results 

3.4.1 Sea turtle nesting records – South Stradbroke Island 

Twenty-nine sea turtle nests were laid on the eastern beach of SSI between December 2002 and 

March 2010 (Table 3.1) with a mean (± SD) of 3.6 ± 3.9 nests per year and an increasing trend in 

the total number of nests over this period (Figure 3.3a).  Four green and 25 loggerhead nests were 

identified during this period.  In addition, due to strong nesting site fidelity and a regular inter-

nesting period of 10-15 days for these species, there may have been at least another five more nests 

laid within the area that were not directly observed during the survey period.  Five nests were lost 

through tidal inundation while a further two were predated upon.  Nests were all located above the 

high water mark and some were within the littoral dune area of the beach.  

 

The mean recorded temperatures of the beach environment adjacent to nests between 2002 and 

2010 ranged between 25.6°C (for 2002/03 season) and 27.5°C (for 2005/06 season) and averaged 

26.8 ± 0.8°C over the entire period.  There also appears to be an increasing trend in sand 

temperatures in close proximity to nests during the study period (Table 3.2, Figure 3.3b). These 

temperatures were within the optimal range for sea turtle egg incubation (24-33°C) and were below 

the pivotal temperature for these two species (see Chapter 1). The actual temperature within the 

egg chamber itself may have been higher due to metabolic heating. Hatching success could only be 

confirmed for five nests where loggerhead turtles averaged 71%, while the single green turtle nest 

had a hatching success of 62% (Table 3.3).  One of the five loggerhead turtle nests failed 

completely, with none of the eggs hatching. 
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Table 3.1: Summary of sea turtle nesting events on SSI (2002 – 2010). 

Nesting Date Species Coordinates (UTM 56J) Notes 

16/12/2002
 a

 Loggerhead 542051m - 6911910m Predation by Lace Monitor 

27/12/2002
 a

 Loggerhead 541908m - 6913521m Lost Data Logger 

26/01/2003
 a

 Loggerhead 541971m - 6915307m   

19/12/2004
 a

 Loggerhead 541875m - 6913259m   

23/12/2005
 a

 Loggerhead 542830 m- 6923476m   

30/12/2005
 a

 Green 542443m - 6920554m   

6/01/2006
 a

 Loggerhead 541985m - 6915479m Destroyed by tides 

24/01/2006
 a

 Green 541972m - 6912955m Destroyed by tides 

4/02/2006
 a

 Loggerhead 543082 m- 6925074m Predation by Lace Monitor 

20/01/2007 Loggerhead 543570m - 6927704m   

24/02/2007 Species unknown South Ocean Beach False Nesting 

29/12/2007 Loggerhead 543087m - 6924676m   

28/10/2008 Loggerhead 543002m - 6924523m Destroyed by tides 

3/12/2008 Loggerhead 542059m - 6910631m   

24/12/2008 Green 541968m - 6914998m Destroyed by tides 

3/01/2009 Loggerhead 542750m - 6921970m Destroyed by tides 

15/01/2009 Green 541940m - 6914114m   

16/01/2009 Loggerhead 542094m - 6906906m   

20/03/2009 Species unknown 542094m - 6906906m False Nesting 

21/11/2009 Loggerhead 542484m - 6920975m   

23/11/2009 Loggerhead 542125m - 6917815m   

28/11/2009 Loggerhead 543014m - 6924518m   

14/12/2009 Loggerhead 542937m - 6924090m Daylight - Vulnerable on HWM 

1/01/2010 Loggerhead 543255m - 6926424m No tail marks 6m above HWM 

1/01/2010 Loggerhead 543267m - 6926415m Distinct tail marks 3m above HWM 

3/01/2010 Loggerhead 541944m - 6914784m Daylight 2m above HWM -Vulnerable 

15/01/2010 Loggerhead 541956m - 6914877m Daylight 2m above HWM -Vulnerable 

27/01/2010 Likely L/head 541936m - 6914709m Daylight 3m above HWM 

31/01/2010 Likely L/head 541929m –-6913819m   

23/02/2010 Loggerhead 544222m - 6931200m Daylight 1m above HWM 

19/03/2010 Loggerhead 543351m - 6927083m Relocated 

a data derived from van de Merwe and Cuttriss (2006). 
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Figure 3.3a:  Total number of nests detected on SSI each year between 2002-2009. 

 

 

Figure 3.3b: Mean sand temperature adjacent to nesting sites on SSI between 2002-2009. 
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Table 3.2: Mean (+/-SD) sand temperature adjacent to nests for turtles nesting on SSI between 

2007-2009. 

Nesting Date Species Coordinates (UTM 56J) 
Mean (+/-SD)  

Nest Temp. (°C) 

16/12/2002 a Loggerhead 542051m - 6911910m 25.6b 

26/01/2003 a Loggerhead 541971m - 6915307m 25.6b 

23/12/2005 a Loggerhead 542830m - 6923476m 27.5b 

30/12/2005 a Green 542443m - 6920554m 27.1b 

29/12/2007 Loggerhead 543087m - 6924676m 26.5 ±1.95 

3/12/2008 Loggerhead 542059m -6910631m 27.3 ± 1.60 

15/01/2009 Green 541940m - 6914114m 27.4 ± 2.29 

16/01/2009 Loggerhead 542094m - 6906906m 27.2 ± 2.23 

  a data from van de Merwe and Cuttriss (2006). 

  b raw data not available to determine standard deviation. 

 

Table 3.3:  Summary of turtle hatching success for SSI between 2002-2009. 

Nesting Date Species Coordinates (UTM 56J) 
D/logger 

Ins. Date 

Emergence 

Date 

Hatching 

Success (%) 

27/12/2002 a Loggerhead 541908m - 6913521m 10/01/2003 28/03/2003 74 

23/12/2005 a Loggerhead 542830m - 6923476m 27/12/2005 26/02/2006 96.6 

30/12/2005 a Green 542443m - 6920554m 3/01/2006 5/03/2006 62.1 

3/12/2008 Loggerhead 542059m - 6910631m 5/12/2008 24/02/2009 97.8 

15/01/2009 Green 541940m - 6914114m 28/01/2009 22/04/2009 86.7 

a data derived from van de Merwe and Cuttriss (2006). 

 

3.4.2 Seagrass, rock wall and near shore reef habitat results   

Two juvenile green turtles were observed on two separate occasions within two separate seagrass 

transects (5% detection rate from all seagrass surveys); 21 juvenile green and one sub-adult 

loggerhead turtles were observed along two rock wall habitat transects on 17 separate occasions 

(65% detection rate).  Turtles were seen on every occasion (i.e. 100% detection rate) when diving 

at offshore reef habitats and included five juvenile, 137 sub-adult, four adult green turtles; 11 sub-

adult and 17 adult loggerhead turtle as well as two sub-adult hawksbill turtles.  An additional 180 

hours were spent surveying seagrass meadows (see Chapter 2), and only one sub-adult green turtle 
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was seen during this time.  The relative abundance of turtles observed among these sites is 

significantly different with a greater number of turtles being observed along reefs and fewer than 

expected turtles being observed along rock walls or within seagrass habitats (
2
 = 14.61, d.f. = 2, 

P < 0.001) (Figure 3.4a, 3.4b).  There were also a larger proportion of juvenile sea turtles found 

upon rocky substrate habitat of the Seaway in contrast to the numbers of juveniles found within the 

seagrass patches or near shore reef habitats (Table 3.4 & Figure 3.4a, 3.4b).   

 

Table 3.4: Summary of the total number and species of sea turtles observed within the three habitat 

types surveyed as well as their densities in each habitat. 

Species Habitat 

 Seagrass habitat Rock wall habitat Near shore reef habitat 

 a
 Adult  Sub adult Juvenile Adult Sub adult Juvenile Adult Sub adult Juvenile 

C. mydas - 1 2 - - 21 2 140 5 

C.caretta - - - - 1 - 18 9 - 

E.imbricata - - - - - - - 2 - 

Relative 

detection 
5% 65% 100% 

Total 

number 

observed 

3 22 176 

No. of 

observed 

individuals 

3 12 26 

Survey 

effort
 b

  
186 6.5 2.4 

Survey 

effort
 c

  
0 9.5 16 

Relative 

abundance
 d

 
0.02 1.38 9.57 

a
 Adult = =101+cm (carapace length), sub-adult = 71-100cm (carapace length) & juvernile = 20-70cm (carapce length).  

b 
= the number of hours spent surveying (i.e. dive time and boat obseravtion time) within each habitat. 

c
= the number of hours spent surveying (i.e. commercial dive records ) within each habitat. 

d 
= the number of turtles observed divided by  total survey effort (i.e. 

b 
 &

 c 
 hours combined) with in each habitat. 
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Figure 3.4a. Absolute number of green turtles observed in each of three submerged habitats on the 

Gold Coast, categorised by size classes according to carapace length estimates. 

 

Figure 3.4b. Absolute number of loggerhead turtles observed in each of three submerged habitats 

on the Gold Coast, categorised by size classes according to carapace length estimates. 
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Figure 3.5. Observed behaviours of sea turtles within three habitat types found within the Gold 

Coast region. 

 

3.5 Discussion 

3.5.1 Nesting patterns - South Stradbroke Island 

Knowledge of the nesting patterns of sea turtles is important as this information is used in the 

estimation of turtle populations (Hirth 1980, Hays 2000, Schroeder et al. 2003). Sea turtles are able 

to nest in high densities at favoured rookeries and figures from nesting beaches to the north in 

Queensland and abroad attest to this ability (Limpus et al. 1984, Limpus 1985, Gyuris & Limpus 

1988, Limpus et al. 1992, Wilson & Tisdell 2001,Weishampel et al. 2003).  Compared to these 

high densities the number of nesting events observed each season on SSI is consistently low with a 

maximum of 12 nests being reported in one season (Table 3.1).  This suggests that this beach 

supports only a small breeding population of loggerhead turtles with even fewer green turtles. 

These lower nesting events may be indicative of incidental nesting from these northern rookeries 
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(e.g. Mon Repos, southern Great Barrier Reef populations).  However, given that re-migration 

intervals can be quite variable among species and it is possible for turtles to skip many years 

(perhaps a decade or more in some cases) between reproductively active seasons (Limpus et al. 

1992, Alvarado & Murphy 1999), making it important to obtain nesting data over many 

reproductive seasons. Generally, re-migration intervals for green and loggerhead turtles range 

between 2-10 years (Alvarado & Murphy 1999) however it was not possible to accurately test this 

assumption as no tags were observed on nesting turtles. Further assessments that focus on the 

tagging of individuals are necessary to confirm a more specific rate of nesting on SSI, as well as 

the wider use of nesting beaches by specific individuals within these southern peripheral 

distribution limits. However, there is little doubt that numbers of nesting turtles in the southern 

peripheral range areas are considerably lower than those reported in the northern nesting rookeries. 

 

The actual number of turtles nesting on SSI may also be lower than the number of nests recorded 

given that both species lay multiple clutches in a single season (Hirth 1980, Miller 1997). 

However, the inter-nesting periods of 12-15 days for both loggerhead and green turtles (Alvardo & 

Murphy 1999), also highlights the probability that at least five additional nesting events may have 

been overlooked during the period of 2002-2010.   A number of factors including high winds and 

rains during the survey period which removed sea turtle tracks may have contributed to not been 

able to identify these nests. The nests may also have been laid on nearby nesting beaches such as 

North Stradbroke Island (NSI) which has approximately 32 km of eastern beach suitable for turtle 

nesting, Gold Coast mainland beaches and along the northern New South Wales coast. Sea turtle 

nesting data obtained for NSI reports a total of 58 nests between 1997-2009 (average of 4.5 nests 

per year). This suggests that there are approximately 1.54 nests/km of beach on NSI (J. Trueman 

Pers. Comm.)
3
.  Australian Seabird Rescue operations also recorded eight turtle nesting events 

between Tweed Heads and Yamba, NSW (over a distance of 150 km) during the 2008-2009 

                                                           

3 Jennie Trueman, Stradbroke Island Management Organisation member, 2009. 
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season, with nesting data indicating that another ten nests may have been overlooked during this 

season (L. Barker Pers. Comm.)
4
. This suggests that there are approximately 0.012 nests / km of 

beach in NSW and would appear to confirm a gradual decline in nesting events from the 

subtropical regions into temperate areas.  However, there is also the possibility that nests were laid 

before and/or after the monitoring period. 

 

Those nests that were not disrupted by tides or predators generally had a high emergence success 

(Table 3.3). The 71% success rate recorded for the five loggerhead turtle nests on SSI is lower than 

the typical  hatching success of 80% (or higher) (i.e. number of hatchlings leaving their eggs - 

Miller et al. 2003).  However, this is due to one of the nests failing completely during the 2002/03 

season.  Disregarding this nest failure returns a hatching success rate of 89% suggesting that the 

beach conditions on SSI are suitable for sea turtle nesting if threats are reduced or eliminated.  The 

high number of nests that were impacted by tidal inundation or predation (n = 7, 25%) remains a 

concern and could affect the long-term nesting viability of loggerhead and green turtles on SSI.  

Previous studies have demonstrated that between 20-60% of some sea turtle egg clutches are 

deposited in areas vulnerable to tidal erosion (Mrosovsky 1983, Whitmore & Dutton 1985). Five 

nests were inundated, while another was relocated, during the present study on SSI which suggests 

that losses to tidal erosion are towards the lower end of this scale (i.e. 21%).  However, it is 

possible that nest loss can be severe as demonstrated on nearby NSI, in which all of the seven nests 

of the 2005-2006 nesting season were destroyed by huge seas and tides in January 2006 (J. 

Trueman, Pers. Comm.).  It is also possible to estimate the potential losses to turtle recruitment as a 

result of the nest destruction and predation using previous studies on mean clutch sizes for turtles. 

When applying Balazs (1995) methodologies for estimating egg loss to this study, 1252 eggs for 

loggerhead and 155 eggs for green turtles are estimated to have been lost between 2002-2010.  

 

                                                           

4 Lachlan Barker, Australian Seabird Rescue carer, 2009. 
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The mean recorded temperatures of the beach environment adjacent to nests over the period 2002-

2010 (26.8 ± 0.8°C) were within the optimal range for sea turtle egg incubation (24-33°C) (Bustard 

& Greenham 1968).  While Bustard and Greenham (1968) suggest that a preferred range between 

27-32°C is optimal for achieving a hatch success rate above 60%, hatch success rates for this study 

were greater than this and marginally below the lower temperature threshold.  The overall hatch 

success rate in this study was 83.4% (for both loggerhead and green turtles) and suggests that 

temperatures were suitable for hatching from beaches in the southern periphery of the turtle’s 

ranges.  Temperature regimes from this study suggest male dominated hatchlings (see Yntema & 

Mrosovsky 1981 & Ackerman 1997).  Whether the region continues to provide a source of male 

recruits requires further investigation.   

 

Preliminary data from sand temperature measurements recorded adjacent to nests between 2002 

and 2010 have shown a gradual increase in sand temperature over time (Figure 3.3). When 

applying the pivotal temperature range estimates of Yntema and Mrosovsky (1981) (i.e. 28°C or 

below all hatchlings are male) to the nesting environment temperatures found in my study, one 

might conclude that the sex ratio of hatchlings may be predominately male as mean sand 

temperatures did not exceed this pivotal limit.  However, given that the temperatures were 

measured in the sand at a depth near the egg chamber itself and not within the egg chamber these 

readings may be lower than if the loggers had been placed within the egg chamber where 

temperatures may also have been affected metabolic heating during incubation (Yntema & 

Mrosovsky 1981, Ackerman 1997, Godfrey et al. 1997). The observed increases may also be 

attributed to seasonal differences among nesting years, as opposed to sand temperatures that 

remain relatively constant in areas closer to the equator (van de Merwe et al. 2005), or these may 

be indicative of a gradually warming climate. Further research is required from a greater number of 

nests to determine whether this is a general warming trend within the nesting environment. Whilst 

sand temperature recordings were collected over a relatively short period from a limited number of 

nests, climate change impact predictions over the next 50 years (IPCC 2007) highlight; 1) an 
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increase in the annual average air temperature of 1.1°- 4.4°C; 2) an increase of up to fourteen days 

per annum in the number of days over 35°C and 3) an increase in 1 in 100 year storm surge height 

of 0.35m (Parry et al. 2007) highlight potential future impacts.  Increased sand temperature poses a 

threat of skewing sex ratios towards predominantly female hatchlings (Mrosovsky 1994, Hamann 

et al. 2007, Hawkes et al. 2007, Fuentes et al. 2010b, Fuentes et al. 2011b) and coastal areas may 

be subject to sea level rise and cyclonic activity, causing detrimental impacts to nesting beaches 

(Fuentes et al. 2010a, Fuentes et al. 2011a).  This would suggest that turtle nests located within 

peripheral areas such as SSI may become increasingly more important from a nest survival and sex 

ratio perspective. 

 

3.5.2 Sea turtle habitat utilisation  

Seagrass meadows provide foraging pastures that are well recognised for supporting turtles at 

various stages of their life cycles (Jackson 1997, Bjorndal et al. 2000).  Green turtles in particular 

are dependent on these meadows as a result of their primarily herbivorous diet (Musick & Limpus 

1997, Pendoley & Fitzpatrick 1999, Fuentes et al. 2006).  Green turtles from the Southern Great 

Barrier Reef stock are well known to be resident in foraging grounds distributed along the 

Queensland coast, Coral Sea (Limpus et al 1992).  However green turtles (juveniles through to 

sub-adults) observed during this study appeared to segregate themselves by size and habitat with 

relatively few observations (n = 2) from seagrass meadow habitats resulting in a low number of 

observed turtles within these areas (see Figure 3.5). This is in contrast to numerous other studies in 

which green turtles display a high affinity to seagrass areas (Whiting & Miller 1998, Brand-

Gardner et al. 1999, Seminoff et al. 2002, Ballorain et al. 2010). Therefore, despite their potential 

significance in the diet of green turtles these habitats appeared to be used only sporadically during 

this study. The Broadwater has high concentrations of recreational and commercial vessel traffic 

(Queensland Transport 2009)  with vessels constantly leaving and returning to their points of origin 

at wharves, marinas, moorings and launching ramps (A. Cuttriss, Pers. Obs.).  It is possible that 

this vessel activity may be affecting habitat use by sea turtles, especially in the shallow water areas, 
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but this aspect requires further investigation before being able to establish this as a causal 

mechanism driving habitat use. 

 

A greater number of turtle observations along the Gold Coast Seaway rock wall indicate greater 

habitat occupancy and suggest that green sea turtles exhibited a well-defined pattern of proximity 

to this environment. Turtles remained close to the rock wall at the surface, with most sightings 

occurring within 10 m of the rock wall structure. A number of individually identifiable green 

turtles (n = 3) with a carapace length of 40-50 cm were repeatedly observed near the rock wall over 

a 10 month period while remaining turtles were only observed on a single occasion.  One of these 

turtles was seen on eight separate occasions.  Based on the repeated observations of the same 

turtles and small home ranges of the tracked turtles (see Chapter 4) it appears that turtles may be 

restricting their use of submerged habitats to the Seaway rock wall.  This could be due to a number 

of factors including the availability of a preferred forage resource such as macroalgae, which forms 

an important component of their diet, particularly in the juvenile age classes (Forbes 1996, Andre 

et al. 2005, Fuentes et al. 2006, Arthur et al. 2008). Alternatively, turtles may be using this area 

due to the deeper waters associated with the seaway channel. Other studies have shown relatively 

small home ranges for juvenile, ranging from 48 to 506 ha (Mendonca 1983) and 22 to 311 ha 

(Renaud et al. 1995), with Renaud et al. (1995) highlighting that movement behaviour of juvenile 

green turtles appeared to be restricted by the narrow size of a jetty channel.   

 

There was only a single observation of a loggerhead turtle from within the seaway environment 

and none from any of the seagrass meadows.  Larger turtles (>80 cm CL) were more frequently 

observed from the reef habitats of Cook Island and Nine Mile Reef.  Additional data including 

biological (e.g. prey availability and predator avoidance), physical (e.g. habitat structure and 

shelter) and intra-individual interactions (e.g. territoriality) would be required to elucidate why 

there were a greater proportion of loggerhead turtles occupying these offshore reef habitats. 
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The preponderance of younger cohorts of green turtles using rock wall and near shore reefs may 

suggest that this species is using these sites as ‘developmental’ habitats that provide shelter and 

vegetative food source needed during early life history stages (Renaud et al. 1995, Seminoff et al. 

2002) (see Figure 3.5).  Rock wall habitat may initially attract smaller individuals that utilise the 

protection provided by the many submerged boulders and blocks. The marine algal pastures along 

the shallow-water margins of the seaway rock wall may provide an important additional food 

source for green turtles, with six turtles observed feeding within this habitat (five on algae), while 

only two turtles were recorded foraging on seagrass and a further two within reef habitats (A. 

Cuttriss, I. Banks, Pers. Obs.).    

 

3.6 Conclusion 

The nesting patterns of sea turtles found on SSI supports the hypothesis that nesting activities 

reflect low densities of two species, loggerhead turtle and green turtles. In addition, the overall 

hatching success suggests that beach conditions are suitable for sea turtle egg development and that 

there would likely be a male bias in hatchlings on SSI. The conservation value of nesting habitats 

on the Gold Coast, and specifically the beaches of SSI, may be less that other mainland and island 

rookeries further to the north (e.g. Mon Repos, Heron Island), where turtles nest in high densities 

(Limpus 1994, Limpus et al. 1994).  However, sections of the eastern beaches of SSI are located 

within the marine park protection zones and these beaches would therefore provide important 

refuge areas for turtle nesting, albeit at low densities. Furthermore these nesting beaches should 

also be seen within the larger context where other habitats are frequently utilised by turtles at 

various life-history stages (see section 3.5.2). 

 

My research does not support the hypothesis that this population of green turtles make extensive 

use of seagrass habitats within the Gold Coast Broadwater area. Rather my results are indicative of 

juvenile cohorts (30-60 cm CL) displaying behaviour that indicates preference for algae rich and 

localised rock wall habitats, as opposed to the more widespread seagrass meadows of the 
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Broadwater (see Chapter 2). This suggests that rock wall and near shore reef habitats are important 

resident (i.e. from Southern Great Barrier Reef stock) foraging areas for juvenile green turtles.  

However, further research work is required to fully understand and quantify the factors that drive 

local spatial distribution and habitat preference of green turtles and their related habitats within the 

study area.  Finally, my results also indicate that there was a greater number of larger (> 90cm CL) 

turtles occupying nearshore reef habitats. 
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Chapter 4: Movement of green turtles within the Gold 

Coast region. 

 

4.1 Introduction 

As sea turtles spend the majority of their time in oceanic and coastal waters, with much of this 

being underwater (Seminoff et al. 2002), accurate analyses of turtle behaviour and ecology is 

difficult.  Flipper tagging has enabled a great deal to be learnt about the distribution and 

movements of sea turtles (Hendrickson 1958) including detailed knowledge on reproductive 

behaviour (Miller 1997), and pre- and post-breeding migrations (Balazs 1980, Limpus et al. 1992).  

The use of satellite tracking using the Argos system (Argos 1996) has become particularly 

prevalent in recent decades (Gillespie 2001), greatly improving our understanding of turtle ecology 

and movement patterns (Balazs & Ellis 2000, Godley et al. 2002b).  For example, studies by 

Benson et al. (2007) have demonstrated trans-Pacific migration in leatherback turtles, while studies 

undertaken by Broderick et al. (2007) and Shaver & Rubio (2008) have shown high levels of 

fidelity to foraging areas across multiple years in populations of green, loggerhead and kemp’s 

ridley turtles. This technology has also revealed foraging area destinations of migrating post-

nesting turtles and provided information on migratory routes, travel speeds, and dive behaviour 

(Cheng 2000, Godley et al. 2002a, Craig et al. 2004, Kennett et al. 2004, Blumenthal et al. 2006).  

 

More recently, Fastloc™ GPS tags have enabled recording and transmitting of both Argos and 

GPS-quality positional data. Fastloc™ GPS geo location differs from traditional GPS positioning 

in that much of the computational demand needed to derive a position occurs at a later point in 

time and hence the time required to acquire a position can be achieved in several milliseconds.  

Studies investigating movements in foraging, resting and nesting areas over smaller spatial scales 

have also used radio and acoustic telemetry (Dizon & Balazs 1982, Mendonca 1983, Odgen et 

al.1983, Brill et al. 1995, Whiting & Miller 1998 Seminoff et al. 2002).  
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In Australia, satellite studies have highlighted that critical habitat of olive ridley turtles overlaps 

with that of trawl fisheries and oil and gas exploration areas in northern Australia (Whiting et al. 

2007). For green turtles, tag-return data has shown strong fidelity to feeding grounds throughout 

their adult lives (Limpus et al. 1992). However, information from these studies typically applies 

only to adult females. These studies have also provided some evidence that the southern Great 

Barrier Reef green turtle population appears to be increasing (Chaloupka & Limpus 2001), 

however populations throughout much of the Australasian region are declining (Sloan et al. 1994, 

Limpus 1997). This has been partly attributed to factors such as by-catch in fisheries activities, loss 

of nesting habitat and disease (Limpus & Parmenter 1985, Broderick 1998, Kennett et al. 1998, 

Dethmers 2000).  The decline of some green turtle populations in the past (Limpus 1995) has 

increased the need to detect geographical boundaries and identify demographically independent 

populations for management. Understanding the geographical scale at which rookeries are 

demographically connected therefore becomes important for effective management and monitoring 

of these populations (Moritz 1994). 

 

Therefore, I used satellite telemetry to track a small number (n = 6) of green turtles to monitor the 

movement patterns of this species within the Gold Coast Broadwater and offshore reef habitats.   

Green turtles were chosen for this part of the research as they have a largely herbivorous diet 

(Limpus et al. 1994, Kuiper-Linley et al. 2007, Fuentes et al. 2006) and are therefore more likely 

to be associated with the submerged habitats of the Gold Coast region. Thus, this chapter sets out 

to (1) measure the seasonal home range of green turtles caught within the study region, (2) 

determine the proportion of area used within the Gold Coast region during the tracking period, (3) 

determine whether turtles showed an affinity to any specific macro algae or seagrass areas, and (4) 

describe patterns of overlap among the turtles’ home ranges or core areas of activity. As such this 

study will provide baseline information about green turtle movement patterns within the southern 

peripheral limits of their range. 
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4.2 Methods 

4.2.1 Turtle capture and transmitter attachment 

KiwiSat 101 Platform Terminal Transmitters (Sirtrack Pty Ltd) designed specifically for turtle 

tracking activities with a life span of approximately six months in the field were used in this study.  

The weight of the transmitters and additional epoxy adhesives was not expected to affect the turtles 

as these units, together with epoxy adhesives used, weigh approximately 630g and were therefore 

well within the 5% weight limitations recommended for tracking studies (Kenward 2001).  Turtles 

were also fitted with V16 acoustic tags (VEMCO Pty Ltd) (54 mm x 16 mm diameter) with a 

transmission range of up to one kilometre.  These acoustic tags were used in conjunction with 

existing VRAP receiver stations established in Gold Coast Broadwater as part of a study assessing 

movement patterns of bull sharks (Werry 2010). 

 

Turtles were captured within the Gold Coast Seaway and Cook Island (NSW) using a SCUBA 

capture technique in which a person approached the turtle underwater and gripped the carapace 

directing the turtle’s swimming behaviour towards the surface. Once at the surface the turtles were 

then transferred to a boat where they were held while being measured (i.e. curved carapace length), 

sexed, tagged and attached with a satellite transmitter (PTT) and acoustic receiver. The sex of the 

turtles was estimated by the length of the tail as adult female sea turtles generally have shorter tails 

than males (Wibbels 1999).  However, caution needs to be applied when using this technique to 

determine the sex of turtles nearing the minimum adult size, as some pubescent males may not yet 

have developed long tails and could be mistaken as small adult females (Limpus & Reed 1985).  

 

PTT’s were attached to the carapace following the method outlined by Mitchell (2000).  Firstly, the 

carapace is dried and the attachment area on the apex of the carapace is prepared by removing all 

traces of algae, barnacles and other fouling organisms by using scrapers, scourers and then, rough 

and fine grade sandpaper. The area for PTT attachment is then finally cleaned with acetone before 

the PTT is placed along the spine of the carapace over the first and second vertebral scutes and the 
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outline is traced with a permanent marker. The underside of the PTT is then scored to create a 

series of grooves to improve adhesion to the carapace before a series of epoxy coils are attached to 

the ends of the PTT unit which act as secondary attachments as well as reservoirs for the primary 

epoxy moulding. Adhesion is effected by applying the epoxy directly to the PTT and placing this 

firmly against the carapace. Additional epoxy was also used to fill the reservoirs on either side of 

the PTT to provide stronger support. Care was taken not to cover the saltwater switches at any 

stage of the attachment procedure. A combination of two-part epoxy resins was used in preference 

to routine fibreglass attachment methods, as it reduces the turtle handling times significantly 

(Mitchell 2000). The V16 tags were attached to the carapace in a manner similar to that described 

above for PTT transmitter deployment.  Turtles were held for approximately two hours to enable 

the epoxy resins to cure sufficiently before the PTT units were activated.  Turtles were then 

released back into the water at the location of capture, and monitored to observe a return to normal 

swimming behaviour. Receiver stations were deployed at Cook Island and Palm Beach reef in the 

south to the Jumpinpin in the north and east of the seaway entrance. 

 

4.2.2 Spatial data, home range and movement analysis 

Spatial location data from the PTT units were supplied through a data agreement with CLS Argos. 

Location data were transmitted from each PTT when turtles surfaced to breath. These data were 

then downloaded from Argos for each PTT every month before being collated for the analysis of 

movement patterns and range use. Positional data recorded during satellite overpasses based on the 

Doppler Effect are distributed to users after processing in the global or regional processing centres 

where positional fixes are assigned to one of a series of location classes (Table 4.1).  

 

Table 4.1: Estimated error within each location class as derived from Argos User’s manual. 

Location Class 3 2 1 0 A B Z 

Estimated error < 250m  250 – 500m  500 – 1500m  > 1500m  Unbounded  Unbounded  Invalid location 
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Estimates of home ranges and habitats associations were completed in ArcGIS using the Home 

Range Extension Tools package (Rodgers et al. 2007) (www.spatialecology.com) and spatial 

analysis.  For the purposes of determining home range estimates satellite fix data from only 

location classes 1, 2 and 3 were used as these have the greatest positional accuracy within the 

Argos system, although some authors have also used location classes 0 and A in the past (Hatase et 

al. 2002).  In addition, given that the positional accuracy is no better than 250 m (Table 4.1), all 

positions recorded from within terrestrial environments but that were less than 100 m from the 

coastline were also included for the purposes of home range estimation. The independence of fixes 

was then further improved by retaining only a single fix for any day by removing those fixes with 

the lowest positional accuracy (i.e. classes 1, 2, versus 3). 

 

Turtle home ranges, or that area within which individual turtles conduct the majority of their daily 

activities, were determined using kernel density estimation (KDE) methods.  KDE procedures 

derive a series of polygons based on the utilisation distribution of each tracked individual.  This 

range utilisation is based on the identification of isopleths derived from the calculation of the 

standard bivariate normal kernel probability density estimator (Rodgers & Kie 2011).  The KDE 

process tests for the independence of successive location fixes (i.e. spatio-temporal  

autocorrelation) using a combination of the Schoener and Swihart and Slade indices (Schoener 

1981, Swihart & Slade 1985, Ackerman et al. 1990, cited in Rodgers & Kie 2011).  The variance 

in location fixes were determined by calculating the ratio between standard deviations of both the 

X and Y coordinates.  Where this ratio was either < 0.5 or > 1.5 data were rescaled to provide a 

unit variance prior to the calculation of home range estimates as recommended by Rodgers & Kie 

(2011).  Subsequent kernel estimation was completed using an ‘adaptive kernel’ method to 

estimate the utilisation distribution.  Smoothing of the KDE was completed by choosing the 

‘reference bandwidth’ option which is particularly useful if the underlying utilisation distributions 

are unimodal (Worton 1995).  Utilisation isopleths depicting the 95, 75 and 50% distributions were 

then calculated (Table 4.4), where the 50% isopleth represents the core utilisation area and the 95% 

http://www.spatialecology.com/
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isopleth represents the primary home range.  These resultant polygons were then clipped to the 

coastline in each case prior to the calculation of areal estimates of the home ranges for each 

isopleth for each individual turtle. 

 

4.3 Results 

Six PTTs and four V16 tags were deployed on juvenile and one sub-adult green turtle.  Four 

individuals (B, D, E and F) were caught within the Gold Coast Seaway along the southern break 

wall at night on a high tide. The remaining two individuals (A and C) were caught during daylight 

hours at Cook Island on the northern and southern sections of the Island. Five of the turtles caught 

were juvenile and individual C has been classified as a sub-adult based on its curved carapace 

length (CCL) (Table 4.2).  

 

Table 4.2: Details of sea turtles captured on the Gold Coast and northern NSW as part of the 

analysis of movement patterns of green turtles. 

Measures Individual A Individual B Individual C Individual D Individual E Individual F 

PTT tag number 72465 72466 72467 72468 103233 103234 

Acoustic tag 

number 
1067164 1067153 1067160 1067166 N/A N/A 

Date of capture 03-10-09 31-08-09 28-07-09 19-10-09 28-06-11 28-06-11 

Time of capture 10:30 20:00 11:25 21:00 18.30 18.30 

Life stage Juvenile Juvenile Sub-adult Juvenile Juvenile Juvenile 

Tail length 1.5 cm 1.5 cm 8.0 cm 1.5 cm 1.2 1.3 

Carapace length 61 cm 62cm 83 cm 67 cm 49 cm 48cm 

Flipper tag no NPWS N5573 K35453 FRF 

NPWS 

N5574 ,L, 

N5575, R 

N/A N/A N/A 

 

4.3.1 Performance of satellite and acoustic transmitters 

Transmitters were active for between 92 and 261 days where they continued to transmit usable 

location fixes (i.e. Classes 1-3).  Turtle locations were separated into six classes using the Argos 

system (Table 4.3). Filtering the Argos location fixes for each turtles reduced the number of 
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useable daily fixes to between 40 and 72 fixes (Table 4.3).  Examination of the Schoener as well as 

Swihart and Slade indices suggested that these daily fixes were generally independent with little to 

no spatial autocorrelation (Table 4.4).  Despite attaching four V16 acoustic tags no transmissions 

were received from the acoustic receiver array. 

 

Table 4.3: Performance of satellite transmitters. For each individual (A-F) the date of deployment, 

the duration of transmissions (days) and the number of unique locations of each Argos location 

class received. 

Individual Deployed Days Location class Total Final fix 

   
3 2 1 

 
Number* 

(A) 72465 3/10/2009 141 22 61 73 156 72 

(B) 72466 31/08/2009 95 16 37 38 91 46 

(C) 72467 28/07/2009 249 9 19 47 75 47 

(D) 72468 19/10/2009 92 8 27 42 77 47 

(E) 103233 28/06/2011 244 17 39 48 104 71 

(F) 103234 28/06/2011 261 8 17 36 61 40 

* 
Final fix number represents the number of unique daily location estimates used in calculating 

kernel density estimates. 

 

4.3.2 Home range and movement estimation 

Maximum (95%) turtle homes ranges were relatively small for 5 of the 6 tagged individuals (i.e. 

juveniles with transmitter numbers 72465, 72466, 72468, 103233, and 103234), averaging 5.55 ± 

1.51SE km
2
 and core areas were generally somewhat smaller 0.82 ± 0.38SE km

2
 for kernel density 

estimates (KDE) (Table 4.4).  The mean home range and core usage areas of the sub-adult 

individual (72467, ranges estimates averaged between northern and southern usage areas) was 

significantly larger at 164.90 ± 32.48SE km
2
 and 28.74 ± 16.05SE km

2
. Minimum (core) and 

maximum (home range) KDE areas for the six individuals ranged from 0.39 km
2
 (72468) to 44.78 

km
2
 (72467_S) and 3.29 km

2
 (72468) to 197.38 km

2
 (72467_S) respectively (Table 4.4).   
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Table 4.4:  Turtle home ranges estimates using the kernel density estimation methods that isolated 

utilisation isopleths at 95%, 75% and 50% of all location fixes. 

Turtle Age Schoener 

index 
1
 

Swihart and 

Slade index 

2
 

Coordinate 

(X, Y) 

Ratio 

50% 

isopleth 

area 

(km
2
)

*
 

75% 

isopleth 

area 

(km
2
) 

95% 

isopleth 

area 

(km
2
) 

72465 Juv 2.29 -0.2 1.59 0.43 1.28 4.32 

72466 Juv 1.70 0.11 1.79 0.43 0.97 3.95 

72467_N 
Sub-

Adult 
1.88 0.45 0.20 12.69 29.73 132.42 

72467_S 
Sub-

Adult 
1.41 0.08 0.54 44.78 78.60 197.38 

72468 Juv 1.89 0.17 1.68 0.39 0.90 3.29 

103233 Juv 1.92 0.27 1.2 0.52 1.27 4.74 

103234 Juv 2.16 0.21 1.73 2.32 4.96 11.47 

 

1
 Schoener values < 1.6 or > 2.4 indicate significant autocorrelation. 

2
 Swihart & Slade values > 0.6 indicate significant autocorrelation. 

*
Areas for each isopleth are cumulative. That is, the 50% area is the core utilisation area.  This 

utilisation area increases as the turtles range increased to cover the 75% and 95% isopleths such 

that the 95% area represents the largest overall utilisation area. 

 

Individual A remained within a two km radius of Cook Island, however this turtle did enter the 

Tweed River on at least two occasions before returning to coastal waters surrounding Cook Island 

(Figure 4.1). Individual B remained within a 2-3 km radius of the southern Gold Coast Seaway 

rock wall.  Its movements included areas west and north of Wave Break Island and along the 

northern seaway rock wall and areas east of the Gold Coast Seaway (Figure 4.2). Individuals D 

(Figure 4.3), E (Figure 4.4), and F (Figure 4.5) remained within a two km radius of the Gold Coast 

southern seaway rock wall. Their movements included areas west and north-east of Wave Break 

Island and included, along the northern seaway breakwater and east of the seaway entrance. 
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Figure 4.1: Homes range KDE polygons for turtle 72465 (A) tagged at Cook Island Australia. 
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Figure 4.2: Homes range KDE polygons for turtle 72466 (B) tagged within the Gold Coast 

Seaway, Australia.   
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Figure 4.3: Homes range KDE polygons for turtle 72468 (D) tagged within the Gold Coast 

Seaway, Australia. 



   

86 

 

 

Figure 4.4: Homes range KDE polygons for turtle 103233 (E) tagged within the Gold Coast 

Seaway, Australia. 
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Figure 4.5: Homes range KDE polygons for turtle 103234 (F) tagged within the Gold Coast 

Seaway, Australia. 
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All juvenile turtles had smaller home ranges than the single sub-adult. This individual 

demonstrated movement behaviour indicative of a larger home range by making a southern 

migration lasting approximately 5 months (155 days) before returning to the Gold Coast region 

(Figure 4.6). 

 

Figure 4.6: Homes range KDE polygons for turtle 72467 (C) (northern and southern utilisation 

regions) New South Wales, eastern Australia. 
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4.4 Discussion 

4.4.1 Movement behaviour 

My research findings are in part consistent with other movement studies of juvenile green turtles, 

in which foraging behaviour is restricted to shallow inshore waters, with animals displaying small 

overlapping home ranges (Ogden et al. 1983, Brill et al. 1995, Renaud et al. 1995). The marine 

algal pastures along the shallow-water margins of the Gold Coast Seaway rock wall and Cook 

Island substrate are indicative of sea turtle activity and highlight the importance of these areas as 

habitat (see Chapter 3).  The accumulation of satellite locations and a relatively prolonged stay in a 

restricted area as noted in this study can be generally described as feeding and/or inter nesting 

grounds (Balazs 1995, Cognetti 1996).  The affinity for the rock wall and reef habitats as depicted 

by the core areas of these home ranges also suggests that juvenile turtles are not making extensive 

use of the seagrass meadows within the Gold Coast Broadwater, further substantiated by the low 

numbers of turtles observed in these habitats (see Chapter 3). Tracking data does indicate that 

turtles visit areas outside these core habitats. However, Burt (1943) and Bailey (1984) argue these 

sporadic forays into areas beyond the core of an individual’s primary area cannot be considered as 

part of the home range.  The four turtles caught within the Seaway and one caught at Cook Island 

undertook small range movements and did so in a manner that suggests that shuttling between sites 

or migration did not take place.   

 

These restricted home ranges for juvenile green turtles contrast markedly with the single sub-adult 

turtle (individual C) that remained within a four kilometre radius of Cook Island for a period of 

three months before swimming approximately 280 km south until it reached the Woody Head, 

NSW coastal bay area. This animal resided within this area for a period of approximately three 

months before returning to the coastal waters surrounding Cook Island.  This animal’s migratory 

movements also occurred within the known breeding season (December-March).  While this might 

suggest some movement from foraging grounds to mating and/or nesting areas further research is 

required to determine precise activities following such migration events. The straight line 
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movement displayed by this turtle is similar to that found in other green turtles movement studies 

(Luschi et al. 1998, Hays et al. 2002, Cheng 2000, Godley et al. 2002b), suggesting perhaps that 

this turtle knew where it was going and was probably making use of the East Australian Current.  

Luschi et al. (2003) have previously reported on the possible role of oceanic current in affecting 

the long distance migration or movement of sea turtles. Whilst I was only able to track a single 

sub-adult turtle in this study, further research would be required to elucidate whether these 

movement patterns are more widespread and reflective of the larger population.  This could have 

significant consequences for conservation of the species as these southern movement corridors 

(including mating and nesting habitat) may fall outside any designated marine protected zones. 

  

4.4.2 Ranging behaviour and habitat use 

Previous studies have documented the strong affinity of green turtles to seagrass beds (Limpus et 

al. 1994, Fuentes et al. 2006, Kuiper-Linley et al. 2007) and have also associated larger home 

ranges for turtles foraging on key algae habitats as well as those with localised movement patterns 

between independent locations (Byles et al. 1995, Seminoff et al. 2002, Nichols 2003).  Despite 

the small sample size for my study (n = 5), juvenile turtles displayed very small home ranges that 

appeared to be strongly associated with habitats supporting high cover and abundance of 

macroalgae, and to a lesser extent to seagrass areas within the study area. The apparent selection 

for these habitats suggests that macroalgae may be an important food source as reported previously 

(Bjorndal 1997, Musick & Limpus 1997, Pendoley & Fitzpatrick 1999, Fuentes et al. 2006).   

 

The home ranges found for juvenile green turtles in this study were within the limits of those 

reported previously, particularly for juvenile turtles in near shore coastal environments (Renaud et 

al. 1995).  However, unlike turtles in other regions (e.g. Seminoff et al. 2002) the juveniles on the 

Gold Coast did not have multiple centres of activity.  This suggests that turtles within the Seaway 

and around the offshore reefs may are able to meet their dietary requirements in these locations.  

Juvenile turtles in the Seaway, however, may be prone to injury given the intensity of boating 
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activity in this region (Leon & Warnken 2008, A. Cuttriss, Pers. Obs.).  These threats are 

consistent with those facing turtles in other populated regions (Seminoff et al. 2002, Greenland et 

al. 2004, Hazel & Gyuris 2006). 

 

Other studies have documented relatively small home ranges for immature green turtles 

(Mendonca 1983, Renaud et al. 1995). However, comparisons among these studies should be made 

with caution as green turtles tracked were within distinct foraging habitats and undertaken for 

varying durations. The differences between this and other sites perhaps relates to patchy 

distribution of food and shelter resources of the Gold Coast region. As these habitats are 

characterised by a narrow rock wall and a lack of extensive shallow water habitats that host food 

resources. As a result, food is patchily distributed requiring turtles to maintain discrete small home 

ranges. 

 

4.5 Conclusion 

My research supports the hypothesis that a small population of juvenile green turtles inhabit 

localised areas within the Gold Coast region, dominated by habitats supporting macroalgal 

communities as opposed to the more widespread seagrass meadows.  These areas are expected to 

provide key foraging areas for these juvenile turtles during an important stage of their life cycle.  

Considerable fidelity to capture and release sites was observed among all individuals, suggesting 

that these areas were strongly associated with the presence of a small resident population of 

juvenile turtles.  Furthermore, the long distance movement behaviour of individual C coinciding 

with the known breeding season (December - March) highlights that further research is required to 

determine the importance of these southern migration destinations for turtles. These findings 

provide valuable information about the importance of near shore coastal environments for juvenile 

green turtles and highlight these areas as refuges and developmental staging areas for this 

threatened species.   
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Chapter 5 General discussion  

 

5.1 Summary of thesis findings 

The primary goals of my thesis were to identify habitat and define movement behaviour of sea 

turtles located within the Gold Coast region. Specifically, the study aimed to 1) identify and map 

submerged habitats within the inshore waters of the Gold Coast region, 2) determine sea turtle 

habitat utilisation within the Gold Coast region, and 3) ascertain the home range and movement 

patterns of juvenile green turtles, within the Gold Coast region.  The combination of satellite 

telemetry and the collection of nesting and behavioural data allowed me to explain some of the life 

history and variability in turtles studied within the Gold Coast region.  I used satellite telemetry to 

collect spatial data on the movements and habitat use of juvenile green turtles and used this 

information to describe aspects of their ecology, patterns of habitat use and finally enabling me to 

develop conservation protection recommendations.  This thesis has identified the gaps in our 

knowledge of sea turtle demographics in the Gold Coast region and has provided a baseline for 

ongoing sea turtle research on the use of nesting and foraging habitats of green and loggerhead 

turtles. 

 

My work has improved our understanding of sea turtle habitats within the Gold Coast region and 

identified the core areas where these turtles congregate.  South Stradbroke Island is identified as a 

core nesting area within the region with two species, green and loggerhead turtles having been 

recorded to nest there in low densities.   Furthermore, juvenile green turtles have been identified to 

use very small foraging areas and have shown a preference for macroalgae habitat along rocky 

substrates (i.e. Gold Coast Seaway rock wall). However, my research identified that one 

(sub-adult) green turtle migrated south during the mating and nesting season (December-March), 

which  led me to conclude that other nesting and/or mating areas may be located in more southerly 
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locations than previously thought. This may also indicate the plausibility of a population that 

maybe mutually exclusive of the north eastern QLD green turtle breeding stock.   

 

5.2 Habitat mapping study 

While it does not appear that seagrass meadows are heavily utilised by green turtles in the Gold 

Coast Broadwater, these habitats generally provide important foraging and refuge environments for 

other species, including dugong (Marsh et al. 2005) and a variety of fish and invertebrates 

(Boström et al. 2006, Murphy et al. 2010, Smith et al. 2010).  As such, while the overall areal 

increase in seagrass extent in this region is encouraging, the fragmentation of these habitats 

requires further investigation, particularly with regards to the drivers of such fragmentation and the 

associated responses by resident biota.  This study therefore provides important baseline 

information to inform the development of an adaptive monitoring program to elucidate 

fragmentation patterns and responses.    

 

Coastal habitats comprise of some of the most productive and valued ecosystems of the world 

(Costanza et al. 1997), and human exploitation of these habitats have contributed to major declines 

in the abundance of sea turtles (Troëng & Rankin 2005), whales (Roman & Palumbi 2003) and 

pelagic sharks (Baum & Myers 2004).  Degradation of the world’s coasts and oceans has also been 

the focus of several recent high-impact reports in the United States (POC 2003, USCOP 2004). 

These suggest that the widespread decline of the marine mega fauna will have unexpected and 

grave consequences for the long-term viability of the world’s coastal ecosystems (Jackson et al. 

2001). Consideration of these impacts should therefore be applied across the broader coastal 

environment when developing sea turtle conservation measures.  In the past, conservation 

initiatives were likely hindered by a lack of reliable information on population status and trends in 

coastal and oceanic habitats (Chaloupka & Limpus 2001, Chaloupka & Balazs 2007). Prior to the 

current study, habitat of juvenile green turtles (within the study region) remained poorly 

understood.  Identifying these habitats through the development of GIS habitat mapping (Schofield 
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et al. 2007) has provided the fundamentals for delineating sea turtle conservation zones within the 

Gold Coast region. This thesis has identified and mapped two types of submerged sea turtle habitat 

within this region: (1) areas where seagrass beds are dominant, and (2) areas where macroalgae are 

dominant. Green turtles are widely reported to rely upon these submerged environments as they 

provide key foraging resources (Bjorndal 1997, Musick & Limpus 1997, Pendoley & Fitzpatrick 

1999, Fuentes et al. 2006).  However, the relative importance of either seagrass meadows and / or 

macroalgae may vary from one region to the next.  In this study green turtles appeared to show a 

stronger preference for habitats supporting macroalgae over seagrass meadows.  This may reflect 

the dependence of the juvenile population on these environments as turtles observed within the 

Seaway and in seagrass habitats were smaller than those recorded from near shore reef habitats.  

 

5.3 Habitat utilisation study 

My study has documented habitat use by juvenile green turtles along the Seaway rock wall, a site 

not previously recognised as important for these threatened species. The size of green turtles 

observed within the Seaway rock wall and captured within the near shore reef habitats  correspond 

to an immature population almost entirely composed of juvenile cohorts (30-50cm CCL) (and a 

small number of large sub adults or small adults), while the near shore reef populations tend to be 

comprised of larger individuals.  Smaller turtles are likely to have higher relative energy demands 

than adults (Lopez-Mendilaharsu et al. 2005), preferring sheltered (Seaway rock wall habitat) areas 

where energy expenditure during foraging activities may be less than in oceanic zones.   

 

As green turtle’s diet is geographically variable, it makes it critical to conduct foraging studies in 

many feeding grounds, in order to generate ecological information to facilitate site-specific 

management actions (Seminoff et al. 2002, Lopez-Mendilaharsu et al. 2005). Therefore, this study 

represents an important contribution to data on sea turtle habitat within Australia, as these areas 

may serve as important refuges and developmental habitat for these threatened species.   
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Protection of these developmental habitats is crucial and requires the same priority of protection as 

applied to nesting beaches. However, the conservation of highly migratory species, such as sea 

turtles, which visit a wide variety of habitats over their life time, remains problematic (Lopez-

Mendilaharsu et al. 2005).  As suggested in my study, green turtles may undergo shifts in food and 

habitat preference, thereby requiring conservation efforts that target a variety of habitats to protect 

the regions green turtle populations.  The Moreton Bay Marine Park Zoning Plan has largely 

focussed efforts on developing protection zones in northern parts of southern Moreton Bay, whilst 

the Cook Island Aquatic Reserve provides habitat protection for a relatively small marine zone 

(78 ha) in northern NSW.  My study suggests that protection of these areas alone may not be 

sufficient for protecting the full complement of foraging/resting habitats used by green turtles, 

within the Gold Coast region. Therefore, I recommended that marine protection zones be designed 

and/or modified to target both the Seaway rock wall and near shore habitats of Black Rocks and 

Nine Mile reefs (see Chapter 5.5). 

 

Nesting on SSI was consistently low, indicative of small populations of green and loggerhead 

(average nests per year 4.5) turtles in this region. While these breeding sites may not be as 

productive as rookeries in other tropical regions, e.g. Mon Repos, (Limpus et al. 1992), Costa Rica, 

(Troëng & Rankin 2005) they may be an important buffer against future climate change, 

particularly when considering the number of estimates of sex ratio for sea turtle populations are 

generally skewed toward females (e.g. Godley et al. 2002a, Hawkes et al. 2007).  Temperature 

regimes from my study suggest a male bias in hatchlings and these cooler beaches may also 

become increasingly important for future conservation measures, even if they currently only 

support low nesting numbers (Hays et al. 2003). 

 

Furthermore, these results also provide important information for management and conservation of 

sea turtles regionally as loggerhead turtles are listed as Endangered under QLD Nature 

Conservation Act 1992 and the Commonwealth  EBPC Act 1999.  Whilst the specific focus on my 
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study was not movement behaviour of loggerhead turtles, it is generally well understood that adult 

loggerhead turtles depart from their foraging grounds (on average every two to three years) on 

reproductive migrations that can span thousands of kilometres (Limpus et al. 1992).  Tagging data 

have also indicated that most females return to the same nesting beach, and both sexes return to the 

same foraging areas between reproductive migrations (Limpus et al. 1992).  Therefore, it becomes 

crucial to develop local programs that can monitor nesting patterns and activity in order to 

determine hatching success and predict emergence dates.  This information not only provides 

valuable data that contributes to our knowledge of sea turtle ecology but provides practical 

management practises that protect nesting beaches. For example, closure of beaches to vehicular 

traffic during the nesting season (see section 5.6 Management and future research 

recommendations).  

 

5.4 Green turtle movement study  

My research provides the first insight into core habitat used by juvenile green turtles within the 

Gold Coast region.  Juvenile green turtles captured and released most commonly exhibited small 

and localised movement behaviour, demonstrating a strong fidelity to the capture and release site 

for five of the six individuals over two separate years.  This is consistent with studies of other 

green turtle foraging grounds that have documented juvenile green turtle affinity to areas 

containing marine algae (Seminoff et al. 2002, Chaloupka 2003), suggesting that algae pastures 

along the shallow-water margins of the study area are important for juvenile green turtles within 

the Gold Coast region. Movements over these algae pastures and seagrass areas are likely to be 

linked to foraging behaviour, but their use of adjacent shallow-water habitats of the Broadwater 

(with relatively abundant seagrass meadows) and deeper offshore areas devoid of algae and 

seagrass is less clear.  One of the major limitations with the use of PTT transmitters is the inability 

to record vertical movement patterns. However, results clearly show that green turtles have discrete 

and localised home ranges. Of notable interest, was turtle 72467 (C) which swam 280 kilometres 

(straight line) south from (Cook Island) for a period of approximately five months (155 days).  The 
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fact that this turtle generally followed the coast, rarely moving far offshore, is consistent with the 

manner of coastal migration undertaken by satellite tracked green turtles elsewhere (Cheng 2000, 

Godley et al. 2002b). However, these satellite tracking data may need to be interpreted with 

caution given the low sample size (n=1) and further research is required to elucidate factors that 

may have given rise to such long distance migration in turtles along the eastern seaboard of 

Australia.  Furthermore, although this turtle 72467 (Turtle C) travelled the furthest and was among 

the largest, there is a possibility that the behaviour of this turtle may be suggestive of a very large 

home range as seen in other studies (Seminoff et al. 2002).   

 

The small home ranges are also indicative of residence behaviour for all juvenile turtles. The core 

areas identified by this study are likely to be used by juvenile green turtles for growth until they 

reach sexual maturity (~30 years) as is the case in other studies (Mendonca 1983, Renaud et al. 

1995). The importance of the rock wall (Seaway) as juvenile green turtle habitat can also be 

emphasised by the overlapping of home ranges of four of the juvenile turtles tracked during this 

study.  Both telemetered and observed juvenile green turtles were routinely sighted floating and 

resting within the study area.  The spatial movements of the combined 2009 and 2011 data suggest 

that there are key microhabitat features that make the area particularly suitable for juvenile green 

turtles either as a foraging area or a refuge site.  Longer tracking durations and a larger sample size 

would help elucidate the extent of areas used by turtles and would be valuable as a future study.  

 

5.5 Summary of habitat significance - Gold Coast region 

Research confirms the existence of a small population (12) of juvenile green turtles that utilise the 

Seaway rock wall as habitat for foraging and/or shelter. Tracking data and home range estimates 

(over two consecutive years) supports the theory of juvenile green turtles establishing small home 

ranges close to resources that enhance their chances of reaching sexual maturity.  This confirms the 

regions significance for providing critical habitat for juvenile species that recruit from oceanic 

habitats to neritic developmental habitats.  It is within these areas that juvenile turtles can spend 20 
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years or more feeding on seagrasses and algae (Seminoff et al. 2002, Koch et al. 2006).   

Furthermore, feeding areas that display a greater species diversity of marine algae should also be 

seen as having a high priority for protection. 

 

Of conservation concern is the shipping terminal development proposed for the Gold Coast 

Broadwater and Seaway area.  Whilst, environmental approval is required by all relevant 

authorities, the associated impact from this development upon critical sea turtle habitats within the 

region is relatively unknown.  Of specific concern to the broader habitat, is dredging and filling 

activities, which are part of the maintenance of shipping channels. These activities can cover, 

remove and destroy these submerged habitats (Zieman 1982, Thayer et al. 1984, Phillips 1984, 

Coles et al. 1989), as physical process are the key limiting factor for seagrass communities in these 

coastal environments (Carruthers et al. 2002).  Any development of the area into a shipping 

channel is also likely to increase the intensity of small to medium boating traffic that can also have 

direct impact on both turtles and their habitats from propeller scarring, boat hulls, and anchorage 

points (Zieman 1976, Walker et al. 1989, Sargent et al. 1995 Hazel & Gyuris, 2006, Hazel et al. 

2007).  Despite these impacts, this development may also provide a unique conservation 

opportunity by funding ongoing research and supporting activities that facilitate long-term sea 

turtle monitoring programs (See section 5.5 management recommendations). 

 

Twenty-seven loggerhead and five green female turtle’s nests were recorded for the Gold Coast 

region during this study. However, a nesting population of between 5-7 loggerheads and one green 

turtle has been estimated for the study area (based upon 4-6 clutches in a season). Nesting densities 

on the Gold Coast are lower than for rookeries to the north (Limpus & Reed 1985, Gyuris & 

Limpus 1988, Limpus et al. 1992, Chaloupka & Limpus 2001, Limpus et al. 2003, Hazel & Gyuris 

2006) and as such these beaches may capture only incidental nesting of turtles from these larger 

northern populations.  While not significant there was an increase in nesting events between 2002 

and 2011 and further research and monitoring is require to determine whether this trend continues.  
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Whilst further detailed studies of sea turtles within the region will allow a more accurate estimate, 

nesting populations of both species are relatively small.  However, despite the small population 

accurate and continued monitoring of sea turtle nesting would greatly assist conservation and 

management efforts. The majority of sea turtle conservation programs on the east coast of 

Australia are located in areas dominated by female-biased hatchlings (Chu et al. 2008). However, 

the SSI community has made a significant contribution to the protection of sea turtles located 

within the southern peripheral habitat limits of eastern Australia, where sand temperatures will 

predominantly produce male hatchlings.  

 

The satellite telemetry study has also provided new detailed information on migratory route of one 

green turtle.  This research has elucidated the plausibility of breeding and inter-nesting areas that 

may occur 280 kilometres south of the Cook Island complex. This information has multiple 

management implications.  Firstly, further knowledge (i.e. a larger sample size) is required about 

the oceanic movements and foraging area destinations of Cook Island, green turtles. Secondly, 

green turtles that move outside the protected Cook Island Aquatic Reserve may be susceptible to 

coastal threats i.e. fishing bycatch and vessel impacts.  This highlights the need for habitat 

protection measures along migratory pathways of the NSW Northern coast (i.e. Cook Island to 

Yamba). 

 

5.6 Management and future research recommendations 

This study quantified changes in the areal extent of seagrass meadows, as well as their composition 

over time. However, quantifying the influence of fragmentation drivers on the Gold Coast is still 

required.  Boating activity and sedimentation processes (e.g. stormwater runoff, sand bypass 

systems and dredging) are likely to increase due to ongoing coastal development but their 

landscape level effects are poorly understood. The detailed mapping undertaken in this study 

provides the foundations to test specific questions about the actual seagrass fragmentation and 

establishment processes, particularly given the observed increase in overall seagrass coverage.  
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Therefore future studies designed with the intention to (a) empirically test the possible causal 

mechanisms driving seagrass fragmentation on the Gold Coast, (b) determine how resilient these 

seagrass meadows and their associated communities are to local scale disturbance (e.g. propeller 

scarring) and (c) assess the factors affecting the colonisation, growth and dynamics of these 

seagrass meadows that potentially contribute to their expansion, will improve the management and 

conservation of these habitats at the landscape scale (Table 5.1). 

 

Further financial and technical support is also required to ensure that nest monitoring activities can 

continue to: 1) collect nest temperature data in order to refine estimates of nesting populations. It is 

recommended that future nest temperature data be obtained by placing dual data loggers at nesting 

locations, one within nest chambers and one in the sand adjacent to nest chambers, 2) relocate nests 

at risk from tidal inundation to higher areas of the littoral dune environment, and 3) install predator 

exclusion devices when nests are laid. Furthermore, a community developed vehicle code of 

conduct would ensure vehicle impacts on sea turtle nesting are minimised.  In addition, climate 

change impacts and a possible trend of increasing sand temperatures provide the impetus to 

undertake future research on nest temperature trends of southern (east coast of Australia) 

peripheral sea turtle habitats (Table 5.1).  

 

Satellite telemetry is a useful tool for researchers to investigate the migratory behaviour of sea 

turtle and to determine the location of their feeding grounds and to assess potential threats that they 

might face either on route or once at their foraging site. It can also be a useful educational tool, 

providing an exciting way in which to engage the general public in science and conservation 

initiatives. The short term variation in turtle movements revealed by this study also highlights the 

need for future fine-scale tracking to encompass more study animals and extend over longer 

periods than I was able to achieve. Fine-scale tracking data for extended periods should allow 

quantitative evaluation of factors potentially influencing movement patterns and habitat selection 

including life stage and seasonal variations (see Table 5.).  
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Table 5.1 Summary of management and research recommendations. 

Thesis chapter and  

topic 

Threats Management recommendations Future research suggestions 

Sea turtle habitats of 

the Gold Coast region 

Coastal development. i.e.  Gold 

Coast shipping terminal proposal, 

Impacts from recreational and 

commercial vessels, i.e. propeller 

and anchor scouring, 

Dredging activities, 

Pollution and storm water discharge 

Protect seagrass meadows and macro algae habitat within the 

Gold Coast region through providing GIS data set provisions to 

management authorities, 

Local government and state government to provide support to 

organisations like Seagrass Watch to educate the broader 

community on the importance of these habitats, 

Support monitoring programs i.e. healthy waters initiatives, 

Undertake seagrass mapping every five years and/or after major 

natural and anthropogenic impacts, 

Test the possible causal mechanisms driving seagrass 

fragmentation on the Gold Coast, 

Determine how resilient these seagrass meadows and their 

associated communities are to local scale disturbance (e.g. 

propeller scarring), 

Assess the factors affecting the colonisation, growth and 

dynamics of seagrass meadows that potentially contribute 

to their expansion, and that will improve the management 

and conservation of these habitats at the landscape scale. 

Sea turtle habitat    

utilisation within the 

Gold Coast region. 

Coastal development i.e. shipping 

terminal proposal, 

Impacts from recreational and 

commercial vessels i.e. vessel 

strike, 

 

Support interest groups to establish sea turtle monitoring 

programs within the Seaway and near shore reef habitats, 

Ensure any developmental impacts from the shipping terminal 

are carefully assessed and suitable habitat offsets are developed 

i.e. algae habitat and appropriate shelter, artificial reef 

development and long term sea turtle monitoring program, 

Reactivate the sea turtle nest monitoring program on SSI.  

 

 

Assess the factors of  artificial reef development that  

create optimal sea turtle colonisation, 

Assess climate change impacts with respect to nest 

temperature trends of southern (east coast of Australia) 

peripheral sea turtle habitats, 

Analyse fine scale tracking movements of juvenile green 

turtles within the Seaway, i.e.  Encompass more animals 

and tracking that extends over a longer period. 
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Thesis chapter and  

topic 

Threats Management recommendations Future research suggestions 

Support the development of  a vehicle code of conduct to ensure 

vehicle impacts on sea turtle nesting are minimised, 

Local, state, federal government and commercial industry to 

support conservation and research programs, 

Relocate nests at risk from inundation to higher areas of the 

littoral dune environment, 

Install predator exclusion devices when nests are laid, 

Collect nest temperature data. It is recommended that future nest 

temperature data be obtained by placing dual data loggers at 

nesting locations, one within nest chambers and one in the sand 

adjacent to nest chambers. 

Movement of green 

turtles within the Gold 

Coast region. 

Impacts from recreational and 

commercial vessels i.e. vessel 

strike, 

Fishing by-catch i.e. migratory 

pathways,  

Dredging activities. 

Incorporate GIS sea turtle home range mapping into existing 

marine protection planning, i.e. Morton Bay Marine Park Green 

zones, 

Support interest groups in the establishment of a sea turtle 

monitoring program within these critical habitats. 

Clarify sub population theory for sub adult green turtles of 

the Cook Island complex, i.e. a larger satellite tagging 

sample size. 
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Appendix A: Seagrass sampling locations from 166 mapped seagrass 

meadows in the Gold Coast Broadwater in the current study.  
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Appendix B: Seagrass coverage for the entire Broadwater as depicted 

by Hyland et al. (1989) 

 


