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Abstract 
The neritic habitat and large geographic range of marine turtles means that many questions 

about fundamental aspects of their ecology and population dynamics remain unanswered. 

Marine turtle populations are likely to be affected simultaneously by multiple threatening 

processes across different life stages.  Conservation management must prioritise effective, 

achievable, and sustainable methodologies to address these threats. 

 Cobourg Peninsula, in north-west Arnhemland, provides important nesting habitat for five 

species of marine turtles.  This study documents key nesting characteristics of green turtles 

(Chelonia mydas), flatback turtles (Natator depressus), hawksbill turtles (Eretmochelys 

imbricata) and olive ridley turtles (Lepidochelys olivacea) in the Smith Point area of Garig 

Gunak Barlu National Park. Additionally, it assesses the effect of installing custom-made 

predator exclusion devices to minimise the depredation of  L. olivacea nests by monitors 

(Varanus sp.) and dingoes (Canis lupus dingo).  

Weekly track surveys and opportunistic nest excavations conducted from 2015 to 2020 

provide seasonality and abundance of nesting emergences, nesting success, frequency of 

predator presence and nest depredation events, chamber depth, clutch size and incubation 

success for all species. For L. olivacea, the Smith Point area is identified as ‘habitat critical to 

the survival of a species’. Predator presence and nest depredation events were more 

frequently associated with L. olivacea and E. imbricata than C. mydas and N. depressus. 

Monitors and dingoes were responsible for the majority of nest depredations. 

 

 The installation of predator exclusion devices had a significant impact on the hatching 

success of L. olivacea nests. None of the treated nests experienced any predation, and 

mean hatching success of treated nests was 60.89% (± 31.53 SD, range 0 - 95.77%, n = 10). 

Of the control nests, 90% were completely destroyed by predators within five days of 

oviposition. Hatching success of the one remaining control nest was 0.303% (± 0.96 SD, 

range 0 – 3.03, n = 10). Hatching success amongst L. olivacea was higher in nests that had a 

chamber depth of less than 500mm, and where the depth to the top of the egg chamber 

was greater than 200mm. 
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Marine Turtles of Cobourg Peninsula: Nesting Ecology and 

Threat Abatement. 

 

1. Introduction  
 

Population declines of all species of marine turtle have been linked to increased mortality of adults 

and juveniles at sea and on nesting beaches over the last few decades (Whytlaw, Edwards & Congden, 

2013). Marine turtles are prone to a range of natural and anthropogenic threats that vary by species, 

stocks, and life history stage (Boulon, 1999; DoEE, 2017). Natural threats include beach erosion, nest 

inundation, and predation by native species. Anthropogenic threats include climate change and 

variability, marine debris, chemical and terrestrial discharges, predation by introduced predator 

species, fisheries by-catch, light pollution, habitat destruction and modification, direct take, vessel 

disturbance, acute or chronic noise interference, recreational activities and diseases and pathogens 

(DoEE, 2017; Fuentes et al., 2015; Klein et al., 2017). 

The neritic habitat and large geographic range of marine turtles means that many questions about 

fundamental aspects of their ecology and population dynamics remain unanswered. This is certainly 

the case for distinct genetic populations in remote areas such as the sparsely inhabited coastline of 

the Northern Territory. Known life history and behavioural traits indicate that marine turtle 

populations are likely to be affected simultaneously by multiple threatening processes across different 

life stages (DoEE, 2017; Fuentes, Limpus & Hamann 2011; Klein et al., 2017). Thus, there is a need to 

prioritise conservation efforts toward the life stages that are most important for population growth 

(Crouse, Crowder & Caswell, 1987; Grand & Beissinger, 1997; Klein et al., 2017). Some models show 

these to be the juvenile and adult stages (Crouse et al., 1987; Heppell, Crowder & Crouse, 1996). 

However, despite claims that conservation efforts targeting the embryonic and hatchling stages may 

not be as effective as those targeting later growth stages (Crouse et al., 1987; Grand & Beissinger, 

1997), terrestrial nest depredation is increasingly considered one of the most significant global threats 

to marine turtle populations (Whytlaw et al., 2013; Nordberg et al., 2019). Minimising nest 

depredation is likely to increase hatchling recruitment and thus, lessen population declines (Nordberg 

et al., 2019;  O’Conor et al., 2017; Whytlaw et al., 2013). Whilst nest depredation by native species 

may have been sustainable in previous times, the cumulative impact of multiple threatening processes 

precipitated by anthropogenic influences means that conservation efforts must now address threats 

that have previously been considered insignificant (Nordberg et al., 2019). This is particularly pertinent 

in areas identified as biologically important, or in habitats critical to the survival of a species.  

Cobourg Peninsula, in Australia’s Northern Territory, provides nesting habitat for five species of 

marine turtle and has been identified by the Recovery Plan for Marine Turtles in Australia (DoEE, 2017) 

as important habitat for leatherback turtles (Dermochelys coriacea), green sea turtles (Chelonia 

mydas), flatback turtles (Natator depressus), olive ridley turtles (Lepidochelys olivacea), and hawksbill 

turtles (Eretmochelys imbricata). Studies of the marine turtles in this remote area are few. Cogger and 

Lindner (1969) produced the first published study of the region.  Their research documented the 

presence of  five species of marine turtle and nesting activity of three species, including the first record 

of a breeding population of L. olivacea in Australian waters. Chatto and Baker (2008) documented the  
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results of thirty-three aerial survey days between 1991 and 2004, and Hope and Smit (1998) provide 

data collected from three monitoring programs (ground, aerial, and tagging) between 1995 and 1997. 

Nesting activity of C. mydas, N. depressus, E. imbricata and L. olivacea in Garig Gunak Barlu National 

Park (GGBNP), Cobourg Peninsula, has been monitored by the Parks and Wildlife Commission of the 

Northern Territory (PWCNT) on an ongoing basis since 2015. Throughout the year, approximately 10 

km of north facing beach in the vicinity of Smith Point is surveyed weekly to determine the abundance 

and seasonality of nesting turtles and record baseline ecological data. Opportunistic observations of 

hatchling emergence are also recorded. Aerial and ground surveys of more remote areas, targeting 

beaches favoured by D. coriacea,  are conducted irregularly. However, no D. coriacea tracks or 

sightings have been recorded since 2012.  

Chelonia mydas are listed as near threatened under the Northern Territory’s Territory Parks and 

Wildlife Conservation (TPWC) Act 1976, vulnerable under the Commonwealth Environmental 

Protection and Biodiversity Conservation (EPBC) Act 1999, and endangered on the IUCN Red List 

(Seminoff, 2004). Globally, over the last three generations, the mean annual number of nesting C. 

mydas has declined by 48-67% (Seminoff, 2004). As a result of these declines, the Australian North 

Marine Region (EPBC Act, 1999) now supports globally significant breeding populations  (DSWPaC, 

2012). Regional genetic studies have recently identified C. mydas at Cobourg Peninsula as a separate 

genetic stock (DSWPaC, 2012; Fitzsimmons & Limpus, 2014; Jensen, 2010), and the Recovery Plan for 

Marine Turtles in Australia (DoEE, 2017) identifies parts of the peninsula as habitat critical to the 

survival of the Cobourg stock. There is currently no population trend data available for this species in 

the Northern Territory, and this study provides some insight into a genetically distinct, and potentially 

significant breeding population of C.mydas (DSWPaC, 2012; Fitzsimmons & Limpus, 2014; Jensen, 

2010). 

Natator depressus is listed as data deficient under the TPWC Act 1976, vulnerable under the 

Commonwealth EPBC Act 1999, and data deficient on the IUCN red list (Red List Standards & Petitions 

Subcommittee, 1996). Natator depressus is considered endemic to the Australian continental shelf 

(Theissinger et al., 2009) and remains common and widespread in the Northern Territory (Taylor, 

Chatto & Woinarski, 2006a). The only population estimate conducted for N. depressus in the Northern 

Territory indicates a relatively small and stable nesting population on Field Island, Kakadu. Annual 

abundance estimates range from 97 to 169 (Groom, Griffiths & Chaloupka, 2017). Cobourg Peninsula 

is considered a minor, but important nesting area for the Arafura genetic stock of N. depressus (DoEE, 

2017).  

Eretmochelys imbricata is listed as vulnerable under the TPWC Act 1976, vulnerable under the 

Commonwealth EPBC Act (1999), and critically endangered on the IUCN Red List (Mortimer & 

Donnelly, 2008). In the Northern Territory, there is limited population trend data available, however 

a vulnerable listing is justified by a substantial array of threatening processes and extensive global 

population declines over the last three generations (Mortimer & Donnelly, 2008). The first estimate 

of an annual nesting population in a Northern Territory rookery is provided by Hoenner et al. (2016), 

with an average of 220 and 580 females nesting on three islands off Groote Eylandt in 2009 and 2010 

respectively. Eretmochelys imbricata nests only occasionally on Cobourg. Nevertheless, it is 

considered an important, though minor, nesting area for the north-east Arnhem Land stock and long-

term monitoring may identify whether this stock is experiencing similar population declines to those 

recorded elsewhere (DoEE, 2017).  
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Lepidochelys olivacea is listed as vulnerable under the TPWC Act 1976,  endangered under the 

Commonwealth EPBC Act 1999, and vulnerable on the IUCN Red List (Abreu-Grobois & Plotkin, 2008). 

There is limited information available on the population size and nesting distribution of L. olivacea in 

Australia, however, based on current information, it has been suggested that the Northern Territory 

supports most of Australia’s nesting population (Whiting et al., 2007a). The 2017-2027 Recovery Plan 

for Marine Turtles in Australia (DoEE, 2017) recognises Cobourg Peninsula as important nesting habitat 

for L. olivacea, and identifies any beach in the Northern Territory where nesting has been recorded 

with greater than ten nesting females as “habitat critical to the survival of a species”.  Lepidochelys 

olivacea track numbers recorded from 2016 to 2019 indicated that the Smith Point area was likely to 

be critical habitat for L. olivacea as defined by the Recovery Plan for Marine Turtles in Australia (DoEE, 

2017). In addition, personal observations indicated that L. olivacea was likely to be significantly under-

represented in weekly track surveys. On Cobourg Peninsula, L. olivacea appears to be particularly 

vulnerable to significant levels of embryonic mortality due to erosion, inundation, and nest 

depredation (Pers. Ob., Lopez-Castro, Carmona & Nichols, 2004; Chatto, 1997; Whiting et al., 2007a). 

This is potentially related to nest site selection – nests are typically located just above the high water 

mark, and egg chambers are relatively shallow compared with other species (PWCNT, unpublished 

data). 

Lepidochelys olivacea nests on Cobourg Peninsula are vulnerable to high levels of predation from 

yellow-spotted monitors (Varanus panoptes), dingoes (Canis lupus) and saltwater crocodiles 

(Crocodylus porosus) (PWCNT, unpublished data). Although nest predation by feral pigs (Sus scrofa) 

has not been recorded, they are found in high numbers in close proximity to nesting beaches. Feral 

pigs have been observed feeding in the intertidal zone and have the potential to become a serious 

threat to turtle nests within GGBNP. Whytlaw, Edwards and Congden (2013) found that depredation 

by feral pigs was the principal cause of turtle nest mortality on the west coast of Cape York Peninsula 

and that overall nest depredation accounted for 93% of all nest losses. In 2020, a threat abatement 

project aiming to reduce depredation of L. olivacea nests within GGBNP was implemented by PWCNT. 

The project involved the installation of custom-made aluminium predator exclusion devices (PEDs) to 

minimise depredation of L. olivacea nests (Figure 1) and thus increase hatchling survivorship and 

recruitment to a regional management unit. 

 
 

       
Figure 1. Left: Custom-made PED (design and photo courtesy of R. Morris, Pormpuraaw Land and Sea Management 

Rangers and the Western Cape Turtle Threat Abatement Alliance, QLD)  and Right: a PED in situ protecting a L. olivacea 

nest on Cobourg Peninsula, NT. Hatchling tracks are visible emerging from the nest.  
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The benefits of installing PEDs were expected to outweigh any potential negative impacts. However, 

interactions between biotic and abiotic factors create a dynamic microenvironment within sea turtle 

nests (Ackerman, 1997) and any changes to the physical character of the nest can potentially influence 

incubation success and hatchling fitness (Riley & Litzgus, 2013). Specifically, incubation temperature 

has a profound effect on embryonic development and the incubation success of marine turtles, and 

temperatures exceeding thermal mortality thresholds may cause complete clutch loss (Fuentes et al., 

2011; Rafferty & Reina, 2014).  In addition, gender determination of marine turtles is temperature 

dependent, and alteration of sex ratios may impact population dynamics (Howard et al., 2014). This, 

in turn, may impact the recruitment and long-term viability of populations (Maulany, Booth & Baxter, 

2012). It was therefore deemed important to identify and quantify any positive, negative, or neutral 

effects of installing PEDs. This was achieved through a comparison of incubation success between 

treatment (PEDs installed) and control nests. A detailed comparison of the microenvironment of 

treatment and control nests was beyond the scope of this project. However, analysis of some basic 

variables (nest height, chamber depth, nest temperature and sand moisture content) that may 

influence incubation success was conducted to assess any effects of installing PEDs to minimise nest 

depredation.  

  

2. Aims 
 

The aim of the present study is to build on the works of Cogger and Lindner (1969), Hope & Smit (1998) 

and Chatto & Baker (2008) by analysing and summarising data collected during ground surveys of two 

of Cobourg’s mainland beaches between 2015 and 2020. For C. mydas, N. depressus, E. imbricata and 

L. olivacea, this included documenting the seasonality and abundance of nesting, nesting success, 

frequency of predator tracks and proportion of nests depredated by terrestrial predators, chamber 

depth, clutch size and incubation success (hatching success and emergence success). Additionally, this 

study aimed to assess the effects of a threat abatement program: the use of predator exclusion 

devices to minimise depredation of L. olivacea nests. To achieve this, the impact of terrestrial 

predation on L. olivacea nests treated with predator exclusion devices and control nests will be 

compared, and relationships between incubation success, incubation period, nest height, nest 

temperature, sand moisture content, depth to top egg, and chamber depth in treated nests is 

examined. The results of this study will help to improve the conservation management of four species 

of marine turtles, of which there is limited knowledge throughout much of Northern Australia. 

 

3. Methods 
 

3.1 Study Area 
 

Cobourg Peninsula is located in north-west Arnhem Land, approximately 220 kms north-east of 

Darwin, in Australia’s Northern Territory (Figure 2). It is managed as a National Park (Garig Gunak Barlu 

National Park, GGBNP) under a joint management agreement between Traditional Owners and the 

Parks and Wildlife Commission of the Northern Territory (PWCNT). GGBNP includes both Cobourg  
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Marine Park and Cobourg Sanctuary, and encompasses approximately 4500 km2 of land and sea 

country. GGBNP supports a high diversity of marine life including five species of sea turtles, and is a  

stronghold for a number of nationally and globally threatened species (CPSMPB & PWS, 2011; Davies, 

Withers & Kyne, 2019,). The region experiences a tropical monsoon climate, characterised by distinct 

wet and dry seasons, and is subject to episodic cyclonic events throughout the wet season (NESP, 

2020). Black Point experiences a mean annual maximum temperature of 31.5°C (24.8 – 36.4°C) and a 

mean annual minimum temperature of 24.1°C (14.2 – 30.4°C)(BOM, 2021). On average, maximum 

temperatures are ≥30°C for 282 days of the year, and ≥35°C for 2 days of the year (BOM, 2021). Rain 

falls predominantly from November to April and mean annual rainfall is 1255 mm (606 – 2131 mm), 

over 86.1 rain days (BOM, 2021). The selection of the study site location  was based on existing 

monitoring data and personal observations of preferred nesting locations, collected between 2015 

and 2019. Two  adjacent beaches in the vicinity of Smith Point, known locally as Black Point beach and 

Smith Point beach, covering approximately 10 km, were selected. Henceforth, both beaches will be 

treated as one, and referred to as Smith Point. This research was supported by GGBNP Traditional 

Owners and approved by the Cobourg Peninsula Sanctuary and Marine Park Board. Animal ethics 

approval was provided through Charles Darwin University’s Animal Research Ethics Committee (CDU 

AEC), reference A20016. 

 

 

Figure 2. Locality map of study area, GGBNP, Cobourg Peninsula, Northern Territory 
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3.2 Nesting ecology of C. mydas, N. depressus, E. imbricata and L. olivacea 
 

Weekly surveys of Smith Point to record turtle nesting activity have been conducted by PWCNT in all 

months of the year since 2015. For the purpose of this study,  records from 2015 to 2020 were 

analysed. Surveys were dependent on staff availability and were not conducted during extremely 

windy, monsoonal, or cyclonic conditions as turtle tracks in these conditions are visible for no longer 

than a few hours. Thus, survey effort was not consistent over the period and abundance is likely 

underestimated. Approximately 10 km of beach was traversed by quad bike or on foot to locate 

emergent turtle tracks, and coordinates recorded on a hand-held Garmin GPSMAP 64x. Tracks were 

identified to species level, where possible, based on track width, track pattern, nest location, stroke 

style, plastron drag, and tail drag (Pritchard & Mortimer 1999, QPWS 2016). Track identification is 

dependent on the experience of the surveyor, the age of the track, whether sand was wet or dry, and 

weather conditions, thus, cannot always be relied upon. Tracks that could not be determined with a 

relatively high degree of confidence were recorded as ‘unknown’. Further, to minimise the risk of 

errors associated with uncertainty of  track identification during statistical analysis, records outside 

defined size classes were re-classed as ‘unknown’. Size classes were adapted from Pritchard & 

Mortimer (1999) as follows: C. mydas: ≥ 900 mm, N. depressus: 850 – 1000 mm, L. olivacea:  < 850 

mm, and E. imbricata: 700 mm – 850 mm. In addition to species, coordinates and track width, other 

data collected included nesting activity, presence and type of predator tracks, and the extent of nest 

depredation (partial, complete, or absent). Nesting activity was defined as follows (adapted from 

Schroeder and Murphy 1999): 

 

i) False crawl – a non-nesting emergence with no attempt at nest excavation 

ii) Diggings – a non-nesting emergence with a disrupted or non-successful attempt at nest excavation, 

iii) Nested – a successful nesting emergence in which oviposition occurred  

 

Nests were not individually monitored on an ongoing basis. Thus, nesting success was calculated as 

the percentage of emergent tracks recorded as ‘nested’ from all tracks recorded, regardless of 

whether the clutches were successful or not (Equation 1). In addition, the lack of ongoing monitoring 

meant that any nest depredation that occurred more than one week after oviposition was not 

recorded. 

 

Equation 1.   𝑁𝑒𝑠𝑡𝑖𝑛𝑔 𝑆𝑢𝑐𝑐𝑒𝑠𝑠 =
𝑁𝑒𝑠𝑡𝑖𝑛𝑔 𝐸𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑒𝑟𝑔𝑒𝑛𝑐𝑒𝑠
∗ 100 

 

 
Between 2015 and 2020, hatched nests were excavated opportunistically whenever hatchling tracks 

were encountered. These nests were not linked back to track survey data. Generally, hatchling tracks 

were encountered more frequently when i) beaches were patrolled on foot early in the morning and 

ii) calm weather meant prevailing winds were minimal. If either of these conditions were not met, 

hatchling tracks are either difficult to locate due to a lack of shade cast by shallow tracks, or tracks 

were no longer visible due to wind. When hatchling tracks were located, they were tracked back to  
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the depression created by hatchling emergence, which was marked for excavation just prior to sunset 

the same day. The timing of nest evacuation was intended to mimic natural conditions and minimise 

the risk of predation in the event that any live hatchlings remained in the nest. Data collection during 

nest excavation was adapted from Miller (1999)  and included: date, GPS coordinates of the nest, 

number of hatchlings emerged from nest, number of hatchlings live in nest, number of hatchlings dead 

in nest, and number of unviable eggs (includes unhatched eggs with no obvious embryo, unhatched 

egg with obvious embryo, and unhatched egg with apparently full-term embryo) (Miller 1999). From 

these data, the two measures of incubation success were calculated: hatching success (Equation 2) 

and emergence success (Equation 3). GPS coordinates were recorded with a Garmin GPSMAP 64X and 

chamber depth was measured in millimetres with a metric tape. 

                                                 

Equation 2. Hatching Success =      
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑔𝑔𝑠 𝐻𝑎𝑡𝑐ℎ𝑒𝑑 𝑖𝑛 𝑁𝑒𝑠𝑡 

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑔𝑔𝑠
∗ 100      

 

Equation 3. Emergence Success =      
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑎𝑡𝑐ℎ𝑙𝑖𝑛𝑔𝑠 𝐸𝑚𝑒𝑟𝑔𝑒𝑑 𝑓𝑟𝑜𝑚 𝑁𝑒𝑠𝑡

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑔𝑔𝑠
∗ 100 

 
 

3.3 Effects of predator exclusion devices on L. olivacea nests 
 

During the 2020 L. olivacea nesting season, the study area was surveyed early each morning and nests 

located through the identification of emergent L. olivacea nesting tracks. Twenty nests within the 

study area were identified and designated as either treatment or control. Designation of treatment 

and control nests was alternated temporally and spatially (Figure 3). Nest locations were recorded 

with a Garmin GPSMAP 64x, and marked with sand flags for on-going monitoring. Nests designated 

treatment had custom made aluminium PEDs installed. PEDs were constructed from non-magnetic 75 

mm diamond grill aluminium so as not to interfere with marine turtle navigation (Fuxjager et al 2014) 

and consist of a square, rigid frame measuring 1 m x 1 m at its base (Morris 2016). Each cage has a 3 

cm gap at the top to enable hatchlings to exit, and is trenched in around the nest. Wooden stakes 

were installed to ensure cages could not be moved by large predators such as pigs and dingoes. Each 

nest had one Tidbit temperature logger (±0.2°C, www.hobodataloggers.com.au/hobo-tidbit-v2-utbi-

001-water-temperature-usb-data-logger) installed at the top of the egg chamber to monitor nest 

temperature on an hourly basis throughout incubation. 

 

Nest height (height above average high water mark) was recorded using a Suunto clinometer and 

metric tape. A metric tape was also used to measure depth to top egg. Disturbance, including 

inundation and predation were monitored throughout incubation. Predators were identified through 

track identification, and nest depredation recorded as being partial, complete, or absent. Once 

hatchling emergence was estimated to be complete (based on track counts), nests were excavated, 

and data loggers retrieved. Other data collected at this time (adapted from Miller 1999) included 

clutch size, number of hatchlings emerged, number of hatchlings live or dead in nest, number of  
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unviable eggs, and chamber depth (depth to bottom of egg chamber). Hatching and emergence 

success were calculated from these data. Sand samples were taken from the top and the bottom of 

the egg chamber for  laboratory determination of sand moisture content (SMC, Equation 4) as a 

percentage of its oven-dried weight where: W1 = Weight of cup (g),  W2 = Weight of moist sand + cup 

(g) and W3 = Weight of dried sand + cup (g). Samples were weighed in a paper cup wet, then dried at 

70° for 18 hours in a Labec laboratory oven before dry weight was measured.  

Equation 4:   𝑆𝑀𝐶% =
𝑊2−𝑊3

𝑊3−𝑊1
∗ 100  

 

 
Figure 3. Locality map of L. olivacea nests designated treatment or control to assess the effects of installing predator 

exclusion devices.  

 

3.4 Statistical analysis 
 

Statistical analysis was conducted using Microsoft Excel version 2012 and R version 4.0.3. All data 

was tested for normality using Shapiro-wilks test in R to determine the use of parametric or 

nonparametric analyses. For all tests, α = 0.05. 

 

3.4.1 Nesting Ecology of C. mydas, N. depressus, E. imbricata and L. olivacea 
 

Descriptive statistics were used to summarize nesting characteristics of each species (abundance, 

seasonality, nesting success, chamber depth, clutch size, hatching success and emergence success). A  
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Chi-squared analysis was conducted to ascertain if there was an association between turtle species 

and frequency of predator presence and nest depredation events. Predation records were 

subsequently transformed to percentage values for ease of comparison among species. To investigate 

relationships between variables that may impact incubation success in C. mydas, N. depressus and L. 

olivacea, each dataset was first tested for normality (Shapiro-wilks) and found to be significantly 

different from normal distribution. Accordingly, Spearman’s rank correlation was used to test for 

correlations between variables.  

 
3.4.2 Effects of predator exclusion devices on L. olivacea nests 
 

All datasets (hatching success, emergence success, incubation period, temperature, nest height, SMC, 

depth to top egg, and chamber depth) were tested for normality with Shapiro-Wilk tests, and 

parametric or non-parametric  analyses selected accordingly. Wilcoxon’s rank sum test was conducted 

to determine differences in incubation success between treated  and control nests, and a Welch two 

sample T-test was used to test for differences between hatching and emergence success among 

treated nests. Finally, Pearson’s product moment was used to test for correlations between variables. 

 

4. Results 

 
4.1 Species Composition 
 

From November 2015 to November 2020, a total of 1,977 emergent turtle tracks were recorded in the 

survey area. 68.08% were identified as C. mydas, 8.24% were identified as L. olivacea, 5.82% were 

identified as N. depressus, 4.20% were identified as E. imbricata and 13.66% were unknown (Figure 

4). In the same period, a total of 308 hatched nests were processed within the survey area. Species 

composition of hatched nests was C. mydas: 79.22%, L. olivacea:12.66%, N. depressus: 7.47% and E. 

imbricata: 0.65% (Figure 5). 

 

 
Figure 4. Species composition of nesting turtle tracks in the Smith Point survey area by month, 2015 – 2020. 
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Figure 5. Species composition of hatched nests recorded in the Smith Point survey area by month, 2015 – 2020. 

 

4.2 Nesting ecology of C. mydas, N. depressus, E. imbricata and L. olivacea 
 

Emergent tracks were recorded in all months of the year, and nesting success for each species was 

variable by month (Figure 6). Overall nesting success was lowest for C. mydas (38%) and highest for 

L. olivacea (73%) (Table 1). C. mydas nested throughout the year, with a distinct peak from October 

to December. N. depressus nesting peaked between July and September, and both E. imbricata and 

L. olivacea nesting peaked during April and May. Mean track width differed between species, from 

697mm for L. olivacea to 1023mm for C. mydas.  

Table 1. Number of nesting emergences (N), track width, peak nesting season, , number of nests laid and overall nesting 

success for C. mydas, N. depressus, E. imbricata and L. olivacea, in the Smith Point area, Cobourg Peninsula from 2015 – 

2020.  

Species C. mydas N. depressus E. imbricata L. olivacea 

N = 1,346 115 83 163 

Track width (mm, mean, ±SD, 
range) 

1023 ± 66    
(900 – 1280) 

911 ± 38      
(850 - 1000) 

721 ± 34      
(700 - 830) 

697± 73 
(580 - 850 ) 

Nesting peak Oct to Dec Jul to Aug Apr to May Apr to May 

Number of nests laid 508 61 53 119 

Overall nesting success (%) 38% 53% 64% 73% 

 

The extent of each nesting activity (false crawl, diggings, nested or unknown) and nesting success per 

month for all four species is shown in Figure 6. The locations of recorded tracks and processed nests 

for all species is shown in Figure 7. Notably, 40% of all L. olivacea tracks were recorded in just one year 

- 2020, when survey effort targeting this species was increased.  
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(A) 

 
(B) 

 
(C) 

 
(D) 

Figure 6. Nesting emergences, non-nesting emergences  and nesting success (nests / [nests + non-nesting emergences] *100) 

of (A) C. mydas (B) N. depressus (C) E. imbricata and (D) L. olivacea by month, 2015 to 2020
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            (A)                                                                                                                          (B) 

           (C)                  (D) 

       Figure 7. Locality map of nesting emergence tracks and hatched nests processed for (A) C. mydas, (B) N. depressus (C) E. imbricata and (D) L. olivacea, Smith Point,  2015-2020.                                                                           
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Between 2015 and 2020, 244 C. mydas nests, 23 N. depressus nests, 39 L. olivacea nests and two E. 

imbricata nests were excavated within the survey area after hatchling emergence. Table 2 provides 

average chamber depth, clutch size, hatchling success and emergence success for all species. Mean 

chamber depth differed between species, from 471mm for L. olivacea, to 810mm for C. mydas. Mean 

clutch size ranged from 51.8 (N. depressus) to 98.5 (L. olivacea). Incubation success (hatching and 

emergence success) was lowest for L. olivacea and highest for N. depressus.  

 

Table 2. Average chamber depth, clutch size, hatchling success and emergence success for all species 

 Chelonia 
mydas 

Natator 
depressus 

Eretmochelys 
imbricata 

Lepidochelys 
olivacea 

Mean Chamber Depth (mm) 810 
121.5 
300-1050 
211 

668 
94.5 
400-850 
22 

490 
155 
380-600 
2 

471 
97 
380-800 
29 

SD 
Range 
n 

Mean Clutch Size 92.1 
23.5 
22-170 
244 

51.8 
12.5 
32-79 
23 

84.5 
43.1 
54-115 
2 

98.5 
25 
40-142 
39 

SD 
Range 
n 

Mean Hatchling Success (%) 80.4 
23 
7.5-100 
244 

89.3 
12.7 
50-100 
23 

84.3 
1.2 
83.5-85.2 
2 

64.8 
30.5 
0-100 
39 

SD 
Range 
n 

Mean Emergence Success (%) 74.9 
24.7 
1.5-100 
244 

87.4 
13.0 
50-100 
23 

80.2 
3.4 
77.8-82.6 
2 

57.7 
29.9 
0-99 
39 

SD 
Range 
n 

 

 

Shapiro-Wilk tests for normality showed that chamber depth, clutch size, hatching success and 

emergence success were significantly different from normal distribution for all species (Table 3). For 

C. mydas, Spearman’s rank correlations show that clutch size had a weak but statistically significant 

positive correlation with chamber depth (Rs = 0.22, p = <0.002) (Table 4; Figure 8A). Hatching success 

had a weak, but statistically significant positive correlation with chamber depth (Rs = 0.31, p = <0.001) 

(Table 4; Figure 8B), but no correlation with clutch size. Similarly, emergence success showed a very 

weak but statistically significant positive correlation with chamber depth (Rs = 0.20, p = <0.01) (Table 

4; Figure 8C), and no correlation with clutch size. No statistically significant correlations were found 

among the same variables in other species (Table 4).  

 

Table 3. Shapiro-Wilk test for normality. Shapiro-Wilk test statistic (W) and significance values (p) for chamber depth, 

clutch size, hatching success and emergence success for C. mydas, N. depressus and L. olivacea. *p = ≤0.05, ** p = ≤0.01, 

***p = ≤0.001. 

 Chamber Depth Clutch Size Hatching Success Emergence Success 

C. mydas W =  0.94, 
 p = <0.001*** 

W = 0.98,  
p = 0.03* 

W = 0.73,  
p = <0.001*** 

W = 0.72,  
p = <0.001*** 

N. depressus W = 0.86, 
p = 0.005** 

W = 0.94,  
p = 0.03* 

W = 0.82,  
p = 0.001*** 

W = 0.84,  
p = 0.003** 

L. olivacea W = 0.77,  
p = <0.001*** 

W = 0.96,  
p = 0.03* 

W = 0.86,  
p = 0.001*** 

W = 0.89,  
p = 0.006** 
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Table 4. Spearmans correlation coefficients (Rs) and significance values (p) for chamber depth, clutch size, hatching success 

and emergence success in C. mydas, N. depressus and L. olivacea. *p = ≤0.05, ** p = ≤0.01, ***p = ≤0.001. 

 Hatching Success Emergence Success Chamber Depth 

C. mydas    

Clutch Size 
Chamber Depth 

Rs = 0.05, p = 0.43 Rs = 0.05, p = 0.42 Rs = 0.22, p = 0.002** 
Rs = 0.31, p = <0.001*** Rs = 0.20, p = 0.004**  

N. depressus    

Clutch Size Rs = 0.13, p = 0.61 Rs = 0.12, p = 0.61 Rs = 0.25, p = 0.28 
Chamber Depth Rs = 0.33, p = 0.14 Rs = 0.31, p = 0.17  

L. olivacea    

Clutch Size Rs = 0.08, p = 0.68 Rs = 0.08, p = 0.67 Rs = 0.09, p = 0.65 
Chamber Depth Rs = -0.17, p = 0.37 Rs = -0.10, p = 0.60  

 

(A) Rs = 0.22, p = 0.002**

(B) Rs = 0.31, p = <0.001***

 

 (C) Rs = 0.20, p = 0.004**

 

Figure 8. Scatterplots depicting statistically significant correlations for C.mydas between (A) Chamber depth and clutch size 

(B) Chamber depth and hatching success and (C) Chamber depth and emergence success for C. mydas.
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Goannas were predominantly responsible for nest depredation of all turtle species, followed 

by dingoes, crocodiles and ghost crabs (Table 5). Between 2015 and 2019, 21.01% of L. 

olivacea nests were partially or completely dug-up by predators when first recorded (Table 

5). This increased to 90% in 2020, when survey effort was increased, and nests were 

monitored on an ongoing basis. Goannas were predominantly responsible for depredating L. 

olivacea nests (68%) followed by dingoes (24%). The remaining 8% were predated by a 

combination of goannas, dingoes, crows, crabs, and crocodiles. Adult L. olivacea were 

regularly taken by saltwater crocodiles, evidenced by sightings and/or convergent tracks and 

physical evidence. 

 

Table 5. Predator presence at nesting female emergent tracks within one week of oviposition at Smith Point, 

2015-2020. % Tracks indicates the proportion of emergent turtle tracks with predator tracks present. % Nests 

indicates the proportion of the total number of nests depredated within one week of oviposition. 

 C. mydas N. depressus E. imbricata L. olivacea 

% Tracks 23.55 27.83 50.60 37.42 

% Nests 4.53 3.28 32.08 21.01 

% Goanna 72.87 58.33 57.69 59.21 

% Dingo 17.98 30.55 25.00 22.37 

% Human 4.10 0 0 0 

% Crocodile 3.15 5.55 13.46 14.47 

% Crab 1.89 2.78 3.85 3.95 

% Pig 0 2.78 0 0 

 

Chi squared tests were conducted to determine whether there was an association between 

species of turtle and the frequency of predator presence at emergent turtle tracks, and the 

frequency of nest depredation events. Species of turtle was associated with both predator 

presence at emergent tracks and nest depredation events (X2 = 40.873, df = 3, p = <0.001 and 

X2 = 69.961, df = 3, p = <0.001 respectively). Pearson residuals for predator presence at 

emergent tracks and for nest depredation events are depicted in Figure 9(A) and 9(B) 

respectively and show that E. imbricata and L. olivacea experienced higher levels of  predator 

presence and nest depredation compared with C. mydas and N. depressus. 
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(A)

 

(B) 

Figure 9. Pearson residuals for Chi-squared associations between species of turtle and (A) Frequency of predator 

presence at emergent tracks and (B) Frequency of nest depredation events. 

 

 

4.3 Effects of predator exclusion devices on L. olivacea nests 
 

Twenty L. olivacea nests were selected to trial predator exclusion devices with ten (50%) 

designated treatment and ten (50%) designated controls.  All but one control nest was 

completely depredated within five days. Mean hatching success in treated nests was 60.89% 

(± 31.53 SD, range 0 - 95.77%, n = 10) compared to a mean hatching success in control nests 

of 0.30% (± 0.96 SD, range 0 – 3.03%, n = 10). Mean emergence success in treated nests was  

52.65% (± 30.01 SD, range 0 - 86.62, n = 10) compared to a mean emergence success in 

control nests of 0.30% (± 0.96 SD, range 0 – 3.03, n = 10). Hatching and emergence success 

amongst treated nests was not significantly different from normal distribution (Shapiro-wilks 

W = 0.88, p = 0.16 and W = 0.92, p = 0.32 respectively). However, amongst control nests,  

hatchling success was equal to emergence success, and significantly different from normal 

distribution (Shapiro-wilks W = 0.37, p = <0.001).  A Wilcoxon’s rank sum test was conducted  

to confirm the difference between treated and control nests, and showed that the difference 

in hatching success between treated and control nests is statistically significant (W= 94.5, p 

= <0.001), as is the difference in emergence success between treated and control nests (W = 

94.5, p = <0.001) (Figure 10). A Welch two sample T-test determined that the difference  

between hatching and emergence success in treated nests was not statistically significant (t 

= 0.59, df = 17.96, p = 0.56), indicating that installing PEDs did not impede the emergence of 

hatchlings from the nest. Variables recorded for each treated nest are provided in Table 6. 
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Figure 10. Box and whisker plot depicting hatching success (HS) and emergence success (ES) in treated and 

control nests.  Boxes indicate the lower and upper quartile. Horizontal lines in each box represent median 

hatching success. Vertical lines extending from each box represent range. Mean hatching success  is indicated by 

X, and circles represent known outliers. 

 

Table 6. Variables recorded for each treated L. olivacea  nest. 

 OR1 OR2 OR3 OR4 OR5 OR6 OR7 OR8 OR9 OR10 

Nest Height 0.66 1.72 0.00 0.00 2.09 1.73 3.44 2.30 2.48 2.23 

Depth to Top 

Egg 

300 300 300 250 250 300 250 300 200 400 

Chamber 

Depth 

450 450 400 400 600 400 450 450 500 450 

SMC Top (%) 2.47 3.40 5.45 4.14 5.48 3.38 3.27 4.00 3.04 3.18 

SMC Bottom 

(%) 

3.93 4.53 6.56 5.30 4.65 3.03 4.80 3.96 4.33 4.87 

Tmax (°C) 33.47 33.76 32.07 32.02 32.38 32.35 34.73 32.64 30.32 32.10 

Incubation 

(days) 

49 49 54 53 N/A 47 46 51 58 54 

Clutch Size 101 100 76 78 94 108 124 72 108 142 

Emerged 64 51 22 60 0 92 78 60 17 123 

Live in Nest 0 0 3 0 0 0 4 1 0 0 

Dead in Nest 1 1 16 1 0 2 12 1 0 13 

Undeveloped 

Eggs 

36 48 35 17 94 14 30 10 91 6 

Hatching 

Success (%) 

64.36 52.00 53.95 78.21 0.00 87.04 75.81 86.11 15.74 95.77 

Emergence 

Success (%) 

63.37 51.00 28.95 76.92 0.00 85.19 62.90 83.33 15.74 86.62 
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Throughout incubation, treated nests had a mean temperature of 31.15°C (± 1.02 SD, range 

29.33°C – 32.70°C, n = 10), a mean minimum temperature of 29.43°C (± 1.26 SD, range 

27.63°C – 31.33°C), and a mean maximum temperature of 32.49°C (± 1.17 SD, range 30.20°C 

– 34.40°C). The one remaining control nest had a mean temperature of 30.28°C (± 0.82 SD, 

range 28.17°C – 32.59°C). Figure 11 depicts temperature data recorded in ten treatment and 

one control nest throughout incubation. Although temperature data obtained from control  

nests that were depredated was not useful for comparison, it is noteworthy that L. olivacea 

control nests that were excavated by predators were subject to an extreme range of 

temperatures (mean minimum temp = 24.06°C ± 2.79 SD, range 21.92 – 30.37; mean 

maximum temperature =  39.70°C ± 7.27 SD, range 28.62 – 51.07)   Six out of nine predated 

control nests exceeded the thermal mortality limit of 37°C for L. olivacea (Howard et al 2014).  

 

 

 
Figure 11. Box and whisker plot showing nest temperature of treated nests and one remaining  control nest 

(OR4C) throughout incubation. Boxes indicate the lower and upper quartile. Horizontal lines in each box 

represent median temperature. Vertical lines extending from each box represent range. Mean temperature  is 

indicated by X, and circles represent known outliers. 

 

Correlation analysis was conducted on data from treated nests only. A Shapiro-wilks test was 

conducted on each dataset to test for normality. Datasets were not significantly different 

from normal, thus Pearson's correlation coefficients were used to test the relationship 

between variables (Table 6). Hatching success had a strong positive correlation with depth to 

top egg (Rs = 0.63, p = 0.05) (Figure 12A), and a strong negative correlation with chamber 

depth (Rs = - 0.78, p = <0.01) (Figure 12B). Similarly, emergence success displayed a strong 

negative correlation with chamber depth (Rs = -0.70, p = 0.03) (Figure 12C). Incubation length 

had a very strong negative correlation with mean nest temperature (Rs = - 0.81, p = 0.005) 

(Figure 12D) and a strong negative correlation with mean maximum nest temperature (Tmax) 

(Rs = - 0.65, p = 0.04) (Figure 12E). Incubation period ranged from 49 days at 31.9°C (± 0.62 

SD, range 30.54 – 33.14, n = 50) to 58 days at 30.4°C (± 0.81 SD, range 28.30 – 32.39, n = 52). 

Nesting Lepidochelys olivacea sited their nests from 0 – 3.44 m above the high water mark 

(mean = 1.49 ± 1.11 SD, n = 10), however neither nest height nor chamber depth was 

correlated with sand moisture content, despite a number of nests being inundated. 
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Table 7. Pearson correlation coefficients and significance values for variables measured in treated L. olivacea 

nests. * p-value ≤0.05, **p-value ≤0.01. 

 Incubation length Hatchling Success Emergence Success 

Nest Height -0.07 
P = 0.85 

-0.06 
P = 0.86 

-0.012 
P = 0.96 

SMC (top) 0.55 
P = 0.09 

-0.39 
P = 0.27 

-0.39 
P = 0.27 

SMC (bottom)  0.32 
P = 0.37 

-0.22 
P = 0.55 

-0.22 
P = 0.55 

Depth to Top Egg -0.25 
P = 0.48 

0.63 
P = 0.05* 

0.57 
P = 0.08 

Chamber Depth 0.31 
P = 0.41 

-0.78 
P = 0.008** 

-0.70 
P = 0.03* 

Mean Temperature -0.81 
P = 0.005** 

0.31 
P = 0.38 

0.30 
P = 0.39 

Mean Tmin 0.12 
P = 0.75 

-0.11 
P = 0.77 

0.05 
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(A) Rs = 0.63, p = 0.05* 

(B) Rs = -0.78, p = 0.008** 

(C) Rs = -0.70, p = 0.03* 

(D) Rs = -0.65, p = 0.04* 

(E) Rs = -0.81, p = 0.005** 

Figure 12. Correlations among treated L. olivacea nests (A) Depth to top egg and hatching success (B) Chamber 

depth and hatching success (C) Chamber depth and emergence success (D) Incubation period and mean daily 

maximum nest temperature, and (E) Incubation period and mean nest temperature.  
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5. Discussion 

 

5.1 Nesting ecology of C. mydas, N. depressus, E. imbricata and L. 

olivacea 

Throughout the study period, it is likely that all four species, and particularly the smaller 

species, L. olivacea and E. imbricata, are under-represented due to: inconsistent survey 

effort; survey frequency; and a low level of confidence in track identification. This was 

confirmed in 2020, when increased survey effort during the L. olivacea peak nesting season 

resulted in a 259% increase in tracks recorded. Survey effort throughout the study period 

was dependent on staff availability and subject to extreme weather conditions, thus annual 

survey effort varied from just 8 surveys per annum to 48 surveys per annum. Survey 

frequency was weekly when possible, however it is apparent that in periods of strong winds, 

spring tides or storm surge, emergent turtle tracks (in particular, those of L. olivacea and E. 

imbricata) are visible for no more than a few days or hours, and as such, are not recorded 

during weekly surveys. Whiting et al (2007), found that tracks of nesting L. olivacea on Cape 

Van Diemen, Melville Island NT, were erased within a few hours, and in some locations, in 

less than half an hour due to strong winds. Track identification is dependent on the age and 

condition of the track, and the experience of the observer. Thus, although tracks of the larger 

species (C. mydas and N. depressus) are easily distinguished from those of the smaller species 

(L. Olivacea and E. imbricata), there is a much lower level of confidence in distinguishing 

between tracks belonging to animals of a similar size. In the present study, 270 tracks were 

classed or reclassed as ‘unknown’ and were therefore not included in further analysis. Based 

on mean nesting success across all four species these unidentified tracks would have resulted 

in an 7.7% increase in the total number of nests within the study period. 

 

5.1.1 Species Composition and Abundance 
 

Marine turtle nesting activity between 2015 and 2020 in the Smith Point area appeared to 

be dominated by C. mydas, which would concur with the findings of Hope and Smit (1998). 

Hope & Smit also suggested that N. depressus, L. olivacea, and E. imbricata nesting was 

negligible, very low, or low in this location. However, the present study has shown that the 

numbers of L. olivacea and N. depressus nesting within the study area may be higher than 

previously thought. Based on an average of 5.06 clutches per female per season and a 

remigration interval of 5.78 years (Limpus, 2009a) it is estimated that the Smith Point area 

supports low density nesting of approximately 29 (25 – 32) C. mydas nesting females per 

annum. However, there may be significant inter-annual fluctuations in nesting populations 

(Limpus, 2009a), and long term monitoring is be required to confirm these figures. 

 

For L. olivacea, there is little comparable data available for Australian stocks, however 

overseas studies indicate an average of 1.5 clutches per female per season (Marquez, 1990) 

and an average remigration interval of 2 (1 – 3) years (Hirth, 1980). Based on these figures,  
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Black Point and Smith Point beaches supported an estimated average of 16 nesting females 

per annum from 2015 to 2019, and 43 nesting females in 2020. This increase is assumed to 

be an artifact of increased sampling effort in 2020, when survey frequency was increased 

from weekly to daily during peak nesting season. Thus, although track counts within the study 

area indicate that nesting activity is dominated by C. mydas, when nesting success, number 

of oviposition events, and remigration intervals are taken into account, it is apparent that the 

study area supports higher numbers of L. olivacea than C. mydas. Additionally,  these figures 

confirm that for L. olivacea, the Smith Point area is ‘habitat critical to the survival of a species’ 

as defined by the Recovery Plan for Marine Turtles in Australia (DoEE, 2017).  

 

For N. depressus, an average of 2.84 clutches per female per season (Limpus, Fleay & Baker, 

1984) and an average remigration interval of 2.45 years (Groom et al., 2017; Limpus et al., 

1984; Parmenter & Limpus, 1995) indicates that the Smith Point area supports low density 

nesting of an estimated  < 10 N. depressus per annum. Similarly, the area appears to support 

an estimated  < 10 E. imbricata nesting females per annum based on 2.4 – 3 clutches per 

female per season (Dobbs, Miller, Limpus & Landry, 1999; Limpus, Miller, Baker & McLachlan, 

1983a; Loop, Miller & Limpus, 1995; Miller, Limpus & Bell, 2000). However, E. imbricata has 

an unusually long remigration interval of five years (Dobbs et al., 1999; Limpus, 2009b; Miller 

et al., 2000), thus data collected between 2015 and 2020 is unlikely to be representative of 

any longer term trend. In addition, there is a high degree of uncertainty regarding the 

identification of E. imbricata tracks as they can be difficult to distinguish from L. olivacea 

tracks. Only two E. imbricata nests were confirmed throughout the study period, so it is 

plausible that at least some of the 53 tracks recorded as having oviposited in the same period 

may have been mis-identified.    

 

5.1.2 Nesting Success 
 

Nesting success was lowest for C. mydas (37.37%) and highest for L. olivacea (73.01%). 

Anecdotal evidence suggests that C. mydas tend to be ‘fussy nesters’ that spend hours 

selecting multiple sites only to abandon the nesting attempt and return on consecutive 

nights. In contrast, for L. olivacea, the same process takes less than one hour (Whiting et al., 

2007a) and can take as little as 30 minutes (Pers. obs., 2018). Nesting success for all species 

was variable by month, and lowest in October and November, prior to the onset of wet 

season rains. This time of year typically sees hot and dry conditions, the result of which is 

loose, dry sand in which nesting females have difficulty constructing egg chambers and 

experience frequent collapse (Pers. obs., Mortimer, 1990; Salleh et al., 2018; TSRA, 2015). 

Chelonia mydas nesting success decreased from a maximum of 61.02% in August to a 

minimum of 29.35% in November. Similarly, the Torres Strait Regional Authority reports that 

nesting success of C. mydas on two beaches of Bramble Kay (Northern Great Barrier Reef 

genetic stock) was lowest in November (13.43%, 28.6%) increasing to 80.8% in February, 

“presumably due to the improved sand stability as a result of increased rainfall during the wet 

season” (TSRA, 2015, p. vii). Nesting success of N. depressus is also lowest in November (0%) 

and highest in June (94.44%). Similar monthly variability has been reported among the Pilbara 

stock of N. depressus, with nesting success of 35% during December and 52% during February 

(Bell & Pendoley, 2019). Nesting success of L. olivacea was highest in August (100%) and 

lowest from October to December (0 – 33.33%). An overall nesting success of 73.01% is lower  
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than that reported for the same stock in Cape Van Diemen, Melville Island (98%, Whiting et 

al., 2007). An overall nesting success of 63.86% for E imbricata is lower than that reported 

for north Queensland stock (Loop et al., 1995). Lower rates of nesting success in the present 

study may be attributable to ongoing monitoring over multiple years, instead of targeting 

peak nesting seasons. However, there are many factors impacting a turtle’s ability to 

successfully oviposit, and further investigation would be required to identify and quantify 

factors specific to the Smith Point area. 

 

5.1.3 Eggs and Incubation Success 
 

Chelonia mydas mean clutch size was smaller than those reported for other Australian stocks 

(98-111) (Guinea, 1995 in Limpus, 2009a; Parmenter, 1978 in Limpus, 2009a), as was that of 

E. imbricata (112-142) (Dobbs et al., 1999; Limpus et al., 1983b; Miller et al., 2000). Natator 

depressus and L. olivacea mean clutch size was within previously  reported ranges (44–53 

and 98–114 respectively) (Guinea, 1994b in Limpus, 2009d; Vanderley, 1993 in Limpus, 

2009d; Hope & Smit, 1998; Whiting 2007a). Mean chamber depth of C. mydas nests was 

comparable with those previously reported for Arnhem Land (Limpus & Preece, 1992), and 

Queensland (Limpus et al., 2003). Similarly, chamber depth of N. depressus nests was 

comparable to those previously reported for Arafura Sea genetic stock (Blamires & Guinea, 

2000; Guinea, 1994 in Limpus, 2009; Hope & Smit, 1998; Schauble et al., 2006).  Chamber 

depth of E. imbricata was similar to those reported by Limpus & Preece (1992) for the 

Arnhem land stock, and for L. olivacea was within previously reported ranges for the 

Northern Territory (Guinea, 1990; Limpus & Preece, 1992; Whiting, 1997). A positive 

correlation between C. mydas clutch size and chamber depth is likely to be associated with 

the age and size of the nesting female. Bjorndal & Carr (1989) found that clutch size of C. 

mydas at Tortuguero, Costa Rica increased significantly with age, and Ekanayake et al (2016) 

reported that larger females dug deeper nests in Kosgoda beach, Sri Lanka. Hewavisenthi & 

Parmenter (2002), reported that both hatching success and emergence success were 

significantly and positively related to clutch size of N. depressus in Queensland, however the 

present study found no correlation between these variables in any species. Similarly, Koch, 

Guinea and Whiting (2007) found that clutch size did not have a significant effect on hatching 

or emergence success of N. depressus at Bare Sand Island, NT.  

 

Hatching and emergence success was lowest for L. olivacea and highest for N. depressus. 

Values for  C. mydas, N. depressus and E. imbricata are similar to ranges reported in previous 

studies  (Table 7) (Blamires & Guinea, 2000; Ekanayake et al., 2016; Hope & Smit, 1998; 

Limpus, 2009b; Limpus, 2009d; Loop et al., 1995). Values for L. olivacea are lower than those 

reported in previous studies (Table 7) (Guinea, 1990; Limpus & Preece, 1992; Whiting, 2007), 

however this may be due to differing methodologies, as previous studies included only 

clutches that produced hatchlings. Notably, in addition to N. depressus exhibiting the highest 

hatching success, it also demonstrated less than two percent difference between mean 

hatching and emergence success. That is, the number of N. depressus hatchlings that 

successfully hatch, but do not emerge from the nest, is negligible (5 hatchlings from a total 

of 1,021 hatchlings). Natator depressus oviposits smaller clutches and hatchlings have larger 

body width and mass than hatchlings of other species (Limpus, 2009d; Salmon et al., 2016). 

These characteristics are thought to give hatchlings and post-hatchlings an increased  
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probability of survival (Bolten, 2003; Mansfield et al., 2014; Salmon, 2016). It is likely that 

these same characteristics result in increased hatchling fitness and thus increased emergence 

success compared with other species.  

 
Table 8. Mean hatching and emergence success values reported in the present, and  previous studies for C. 

mydas, N. depressus, E. imbricata and L. olivacea (Blamires & Guinea, 2000; Ekanayake et al., 2016; Hope & 

Smit, 1998; Limpus, 2009b; Limpus, 2009d; Loop et al., 1995). 

  C. mydas N. depressus E. imbricata L. olivacea 

Hatching 
Success (%) 
 

Present Study 80% 89 84 65 

Previous Studies 45 - 80% 88% 79% 82% 

Emergence 
Success (%) 

Present Study 
 

75% 87 80 58 

Previous Studies 41 – 78% 78 – 95% 71 – 80% 73 – 84% 

 

For all species, it is likely that at the management unit level, both measures (hatching and 

emergence success) are overestimated. This is due to the fact that nests are not monitored 

on an ongoing basis, and are only processed when hatchling tracks are encountered 

opportunistically. As such, any nests that experience no or very low incubation success are 

not accounted for, as hatchling tracks are either unlikely to be located, or are non-existent.  
 

5.1.1. Predation 
 

Marine turtle nests in the Smith Point area of Cobourg Peninsula are prone to depredation 

by goannas, dingoes, crabs and saltwater crocodiles. Once nests have been excavated, 

secondary predators, such as crows, are able to gain access. Although some nests are only 

partially depredated, it is likely that any remaining eggs are subject to embryonic detachment 

as a result of movement (Ahles & Milton, 2016; Aubret et al., 2015), or increased mortality 

due to temperature variation and exposure to temperatures exceeding thermal mortality 

limits (Fuentes et al., 2009; Howard et al., 2014). Nordberg et al. (2019) suggested that 

managers may be overestimating the loss of clutches due to predation, as hatchling 

emergence remained high after partial predation events. However, this was only the case for 

nests that were manipulated (reburied), and this study has shown that six out of nine 

predated, unmanipulated (control) L. olivacea nests, experienced maximum temperatures of 

38 to 51°C, well beyond the lethal limit for L. olivacea embryos of 37°C (Howard et al., 2014; 

Valverde et al., 2010). 

 

The frequency of predator presence and nest depredation events was more commonly 

associated with L. olivacea and E. imbricata nests than C. mydas and N. depressus nests. 

Similarly, Nordberg et al (2019) documented predation attempts on 58.4% of L. olivacea 

nests compared to 22.2% of N. depressus nests. This can plausibly be attributed to nest depth 

(see table 2), as it is highly likely that predators find shallow nests easier to both detect and 

excavate than deep nests (Leighton, Horrocks & Kramer, 2009). Goannas were predominantly 

responsible for excavating nests of all species, followed by dingoes. Nest depredation by feral 

pigs was not recorded, however they have the potential to pose a significant threat to turtle 

nests in the Smith Point area, as they are found in high numbers near nesting beaches and 

are regularly observed feeding in the intertidal zone. Notably, when ten L. olivacea nests  
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were designated as controls for the purpose of assessing PEDs, nest depredation increased 

to 90%. This may be attributable simply to increased monitoring effort (daily instead of no 

ongoing monitoring), however there is also a chance that researchers provided predators  

with extra cues that assisted them in locating nests.  There is uncertainty regarding the cues 

that predators use to locate turtle nests, although a combination of visual and olfactory  

signals are likely (Lei & Booth, 2018; Nordberg et al., 2019). Observations made during the 

course of this study indicate that acoustics may also provide a cue. Vocalisations of hatchling 

marine turtles within the nest are thought to be important for hatchlings to synchronize 

emergence from the nest, however they may also be detectable by predators  and provide a 

cue to locate nests (Ferrara, Mortimer & Vogt, 2014; Monteiro et al., 2019). During the course 

of this study, a saltwater crocodile was observed attempting to excavate a nest immediately 

prior to hatchling emergence, when olfactory and visual cues seem unlikely. On another 

occasion, researchers had been unable to locate a nest (although the general location was 

known) with a PED installed due to significant sand shift. However, an increase in dingo 

activity, including attempts to dig in the area, was noted, and within 24 hours hatchling turtle 

tracks were recorded at the same location. Upon further investigation, the PED and nest were 

found to be lying under approximately one metre of sand. Again, it seems unlikely that visual 

or olfactory cues were present in this situation, and the use of acoustic cues should be 

considered. Further research is required to identify cues used by different predator species, 

and would be of value when developing management plans. 

 

5.2 Effects of predator exclusion devices on L. olivacea nests 

 

Nest depredation poses a significant threat to marine turtle populations (Nordberg et al., 

2019; Whytlaw et al., 2013). Minimising nest depredation is likely to increase hatchling 

recruitment to regional units (Nordberg et al., 2019; O’Conor et al., 2017; Whytlaw et al., 

2013) and should be a consideration in managing marine turtle stocks. A range of predator 

management options have previously been explored in Australia and globally (Antworth, Pike 

& Stiner, 2006; Engeman et al., 2003; Engeman et al., 2005; Maulany et al., 2012; Nordberg 

et al., 2019; O’Connor et al., 2017; Whytlaw et al., 2013) including targeted monitoring, nest 

relocation, lethal and non-lethal predator removal, wire PEDs, and varying designs of anti-

predator meshing. O’Connor et al (2017) showed that not only can the use of anti-predator 

meshing constructed from plastic increase hatchling success in sea turtle clutches on 

Queensland’s Sunshine coast, it also has the potential to change fox foraging behaviour on 

nesting beaches. However, despite the apparent success, reduced cost, and ease of 

transportation of predator exclusion devices constructed from plastic, none of these designs 

were deemed suitable for use in GGBNP. This was due to i) The risk of being lost during storm 

surge or erosional events and thus posing an entanglement risk to both terrestrial and marine 

wildlife, ii)  The risk of being lost during storm surge or erosional events and thus adding to 

regional plastic pollution, iii) Unsuitable design – impeding hatchling emergence or being of 

insufficient strength to deter dingoes and pigs, and iv) Deterioration of materials leading to 

plastic pollution and a relatively short period of useability. Wire cages, or the use of other 

magnetic materials, were also not considered suitable due to a potential risk of interfering 

with marine turtle navigation (Fuxjager et al., 2014; Irwin et al., 2004). As all recorded nest 

depredation in the Smith Point area is effected by native or naturalised species, predator 

removal was not considered an option. In addition, Smith Point is remote, isolated, often  
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inaccessible, and subject to a limited availability of resources, so the selected option had to 

be durable, sustainable, and repeatable, requiring minimal ongoing monitoring and 

maintenance.  

 

The installation of custom-made aluminium PEDs had a significant impact on the incubation 

success of L. olivacea hatchlings. Nine out of ten control nests were completely depredated 

within five days of oviposition, compared to zero out of ten treated nests. Control nests had 

a mean hatching and emergence success that was significantly lower than treated nests. 

Additionally, the difference in hatching success and emergence success among treated nests 

was not statistically significant, indicating that the installation of PEDs designed to the 

specifications used in this study does not impede the ability of hatchlings to emerge from the 

nest. Incubation success was lower in L. olivacea treated nests then in nests previously 

recorded. As discussed above, this is likely to be due to the fact that nests not designated 

treatment or control were not monitored on an ongoing basis and only processed when 

hatchling tracks were encountered opportunistically. Thus, any nests that experienced no or 

very low incubation success were not accounted for, as hatchling tracks are either unlikely to 

be located, or are non-existent. When considering the incubation success of L. olivacea as a 

management unit, it is plausible that the rates provided here (including nests with very low 

or no incubation success) are more relevant than the higher rates provided previously. Other 

studies have reported incubation success rates of monitored nests as low as 2% (Valverde et 

al., 2010).  

Amongst treated nests, incubation success was significantly and positively correlated with 

depth to the top egg, and significantly and negatively correlated with chamber depth. These 

results are likely to be due to the risk of inundation associated with deeper nests, and an 

increased temperature variation associated with shallow nests.  Tidal inundation can affect 

embryonic development and result in high embryonic mortality (Boulon, 1999). A reduction 

in hatching success as a result of increased embryonic mortality depends how long a nest is 

inundated for (Pike, Roznik & Bell, 2015). Short periods of inundation (one to three hours) 

may not have a significant impact on hatching success, but inundation events that last six 

hours or more, or repeated inundation events may result in complete clutch loss (Boulon, 

1999; Pike et al., 2015). Throughout the study period, four treated nests were recorded as 

being inundated, however only the two with the deepest chamber depths (500 & 600mm) 

experienced increased embryonic mortality. There was no correlation found between 

chamber depth and depth to top egg, thus, the relationship between incubation success and 

depth to the top egg requires further study. This relationship may prove to be an artefact of 

small sample size, or alternatively there may be an effect of increased temperature variation 

or other disturbance closer to the surface that was unrealised in this study. No correlation 

was found between nest temperature and incubation success in treated L. olivacea nests. 

Incubation temperature effects the embryonic development of sea turtles and temperatures 

above optimal range can result in increased morphological abnormalities and reduced 

hatching success (Booth & Astill, 2001; Fuentes et al., 2009; van Lohuizen, Rossendell, 

Mitchell & Thums, 2016). Incubation temperatures of treated nests were within the thermal 

tolerance range for L. olivacea of 25 – 35°C (Ackerman, 1997; Valverde et al., 2010). Thus, it 

can be assumed that nests exhibiting low incubation success were subject to high levels of 

egg mortality due to variables other than temperature, such as inundation.  
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Ultimately, this study has determined that the benefits of installing custom made PEDs to 

increase incubation success and therefore recruitment of L. olivacea to regional management 

units far outweigh any potential negative impacts. Additionally, the use of these PEDs is likely 

to be beneficial to other species of both marine and freshwater turtles, particularly in remote 

locations, and is a management technique that is effective, achievable, and repeatable.  

 

 

6. Conclusions 
 

The Smith Point vicinity of Cobourg Peninsula provides habitat for occasional nesting by N. 

depressus and E. imbricata, important nesting habitat for a genetically distinct population of 

C. mydas, and critical nesting habitat for L. olivacea. This study increases the limited 

information currently available in a remote area of Northern Australia, and delivers valuable 

insights into the nesting ecology of marine turtles in an area that provides both important 

and critical nesting habitat. Nesting success was lowest for C. mydas and highest for L. 

olivacea , and incubation success was lowest for L. olivacea and highest for N. depressus . Key 

nesting characteristics are provided. L. olivacea and E. imbricata nests are more frequently 

associated with predator presence and nest depredation than C. mydas and N. depressus. 

Goannas were predominantly responsible for nest depredation of all species, followed by 

dingoes, crocodiles and ghost crabs. This is the first study in the Northern Territory to assess 

the effects of installing custom made predator exclusion devices in order to reduce 

depredation of L. olivacea nests. The installation of these PEDs is a repeatable, sustainable, 

and highly effective management technique that significantly improves incubation success 

and increases hatchling recruitment to a regional management unit.   
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