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Abstract
The study area at Fog Bay was divided into four beaches, each of which was divided
into 100 m sectors and Flatback (Natator depressus) and Olive Ridley (Lepidochelys

olivacea) sea turtle nesting was monitored. A spatial database was created using
Geographic Information Systems software, where features, such as flora, fauna and
dune height and slope and vegetation were entered. Sea turtles nested where the sand
was deepest and where access at the spring high water mark was not obstructed by
rock. Future monitoring and updating of the database is recommended.
Any biotic or environmental influences affecting emergence success of N

depressus hatchling were determined. Fifty-two percent of all nests were raided by
the goannas Varanus panoptes. Of the undestroyed nests a 94.7% hatchling
emergence success was found. Very few nests were lost to bacteria, fungus or insect
infestation. The number of nests failing to emerge was of more concern than the
emergence success in hatched nests. High temperatures, lethal to incubating eggs,
may have been responsible for nests failing to hatch between September and
November. A female biased hatchling sex ratio was predicted, with males only
produced between June and August. Unless the number of females produced was
over-estimated, the current hatchling sex ratio should allow stable future breeding
populations, provided adequate protection was given to adults. Few nests hatched on
beach 3 probably because spring high tides inundated nests, although the influence of
tidal inundation was of less concern than the level of predation.
Comparisons were made between the nesting behaviour of N depressus at
Fog Bay, where the dunes are steep, and Mundabullangana, Western Australia,
where the dunes are not as steep. Similar crawl paths were followed at both sites but
nesting was predominantly at the dune base at Fog Bay and on the primary dune crest
at Mundabullangana. It appeared that nesting was restricted to the dune base at Fog
Bay because of the steepness of the dunes. Experiments showed, however, that nests
on the dune crest would not offer the eggs more protection from goanna predation.
Radio tracking was done on five V panoptes and between 85 and 100% of
XlV

locations were made among the dunes or on the beach, with males having larger
activity areas than females. The period of tracking (early, middle or late sea turtle
nesting season) had no influence on activity area size therefore it appeared males
may have been involved in courtship throughout the tracking period. Sea turtle eggs,
insects, mammals, reptiles and crustaceans were the dominant prey, with sea turtle
eggs consumed in greatest abundance between April and November. Feeding
appeared to take place, year round, on the beach and in the grasslands associated
with the dunes.
Varanus panoptes searching paths, when on the beach, were determined by
following and measuring tracks. Because N. depressus eggs have a relatively high
caloric content and are readily located much more are consumed than is needed by V.
panoptes to replenish energy expended searching. An energetically expensive
searching strategy was employed in all months except for September. In September

V. panoptes may conserve energy for October; when they are highly active on the
beach and search extensively, presumably for hatched nests, to consume unhatched
eggs and hatchlings that fail to emerge. Search paths were not directed toward
encountering the maximum number of turtle nests at all times of year because V.
panoptes often used the beach for other purposes such as; searching for other prey or
thermoregulation.
Management of the Fog Bay sea turtle rookery must target the period JuneAugust, when most nests hatch and more male hatchlings are produced. Wire-mesh
screens appeared the best method to deter Varanus and did not affect emergence
success of hatchlings. Relocating eggs to the dune crest would be ineffective at
protecting them from go anna predation. Nests laid in March-Mayor SeptemberNovember, below the high water mark or on Beach 3, could be relocated to a
hatchery or laboratory, left for varanids or made available for indigenous harvest.
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CHAPTER 1
GENERAL INTRODUCTION

1.

GENERAL INTRODUCTION

In this chapter I introduce the problem of implementing a management strategy to

minimise nest predation on a population of Flatback sea turtles (Natator depressus)
which may be in decline. A further complication is that for native predators, such as
go annas, careful consideration must be made so that management strategies do not
adversely impact on their ecology. The problems raised in the introduction will be
tested in the thesis Chapters 3 to 6 so that management can be focused to maximise
their benefits for the N depressus population breeding at Fog Bay.

1.1 Sea Turtle Rookery 'Management

Many of the worlds sea turtle popUlations are in decline (Balasz 1982; Thompson
1988; Limpus 1995a,b; Marquez 1997) with most threats coming from man
(Lutcavage et al. 1997). The depletion of nesting populations is of most concern.
Various population models, designed to investigate sea turtle demography, suggest
that sea turtles are vulnerable to high mortality at each stage of their life (Crouse et

al. 1987; Frazer 1989; Parmenter and Limpus 1995), although survivorship at most
stages remains relatively unknown. Survivorship at the nest stage has been reduced a
listing of predators with a gross estimate for a rookery during the breeding season
(parmenter and Limpus 1995).

1.1.1 Australia's Flatback and Olive Ridley Rookeries

The Flatback sea turtle (Natator depressus) is endemic to Australian waters, where it
nests on a number of Australian mainland and offshore island beaches (parmenter
1994). The age that N depressus reaches sexual maturity has not been accurately
measured and it may vary among popUlations; in some cases it may be as late as 40
1

years (parmenter and Limpus 1995), thus it is difficult to decipher how hatchling
emergence influences the composition of a nesting population as the effects will not
be apparent for decades. The breeding season at most Australian rookeries is during
the Australian summer (Limpus 1971; Parmenter 1994; Prince 1994a), although it is
during the winter at several Northern Territory rookeries (Guinea 1990, 1994;
Vanderleley 1996; Hope and Smit 1998) and may also be year-round (Bustard 1972;
Limpus et al. 1983c).

Natatar depressus prefers to nest above the beach slope and even on top of
the dune where they can gain access (Limpus 1971). There they deposit a clutch of
about 50 eggs into a nest. The nest depth varies from 30 cm to 100 cm (Cogger and
Lindner 1969; Limpus 1971; Limpus eta!' 1981; Vanderleley 1996). The incubation
time is about 53 days, with variations depending on the nest temperature (Hirth 1980;
Vanderleley 1996), which must be within 24°C and 34°C for the embryos to
adequately develop (Miller 1997). As with other species of sea turtles, the male to
female sex ratio of hatchlings is dependant upon temperature (Morreale et a!. 1982),
with more males produced at lower temperatures and more females produced at
higher temperatures and a mixture of both sexes produced at around 29°C (Limpus
1995a).
A variety of nest predators and differing predation rates are expected
throughout the geographic range of N depressus, thus each population may have
established a nesting behaviour that places the eggs in localities which are less
susceptible to predation. Predation at mainland sites may explain the establishment
of significant rookeries on offshore islands (Limpus 1978). While not threatened
with extinction N depressus, numbers are in critical decline; due to increased adult
mortality from human activities, increasing the pressure on rookery conservation to
sustain the number of breeding adults (Parmenter 1994).
Little is known about the age of sexual maturity, the number of nesting
populations or the breeding seasonality of Olive Ridley turtles (Lepidachelys

olivacea) in Australia. They lay clutches of between 100 and 150 eggs (Cogger and
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Lindner 1969; Guinea 1990; Vandereleley 1996; Whiting 1997) at a depth of
between 40 and 50 cm (Cogger and Lindner 1969; Whiting 1997). The period of
incubation is usually 50 to 60 days (Guinea 1990; Miller 1997) and the hatchling sex
ratio are also influenced by temperature, with a temperature of approximately 31°C
producing a mixture of males and females (Wibbels et ai. 1998). The most
significant Australian rookeries are in Arnhem Land (Cogger and Lindner 1969;
Guinea 1990; Limpus 1995a; Charto 1998; Hope and Smit 1998). There is
occasional, seasonal nesting 3;t Fog Bay between March and May (Whiting 1997;
Blamires and Guinea 1998). Although they may nest in large numbers (Miller 1997),
in northem Australia they usually nest alone and in close proximity to the high water
mark (Charto 1998). Lepidoeheiys olivaeea numbers are in serious decline
throughout the world (Green and Ortiz-Crespo 1982; Raja Sekhar and Subba Rao
1994; Limpus 1995a; Pritchard 1997) and rookery conservation is crucial for the
survival of this species (Green and Ortiz-Crespo 1982; Rajasekhar and Subba Rao
1994).

1.1.2 Nest Predation

Sea turtle nest predators include most of the vertebrate and invertebrate carnivorous
and omnivorous species that live near a rookery (Carr 1968). Stancyk (1982) and
Marquez (1990) give a global review of the importance of various predators on sea
turtle eggs. Predators on Australian rookeries include several species ofvaranid
(go anna, Varanus spp) and the introduced fox (Vuipes vuipes), pig (Sus serofa) and
dingo (Canis familaris dingo) (Limpus 1978; Limpus and Fleay 1983). Predation is
not always uniform across a rookery since, at some locations, nests laid at certain
sites may have a greater risk of predation (Stancyk et al. 1980; Limpus et al. 1983a;
Sivasunder and Prasad 1996).
The implementation of management strategies to minimise predation needs to
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account for other influences on nest survival and although numerous studies have
quantified predation rates (Fowler 1979; Stancyk et al. 1980; Sivasunder and Prasad
1996), the question needs to be asked: "Had predation not occurred, would the nests
have produced hatchlings to the sea?" In order to answer this question several issues
need to be addressed. These include: 1) do other influences, such as biotic
infestation, exposure to lethal temperatures or tidal inundation influence nest survival
or the number of hatchlings emerging from nests? If they do, predation is of little
consequence and management may be ineffective at certain times. 2) If predation is
the greatest threat to hatchling emergence, does the selection of nesting sites by N

depressus at Fog Bay increase the likelihood of nest predation or could simply
relocating eggs be used to increase hatchling output? 3) Do the natural activities of
goannas increase their potential exposure to sea turtle nests as a food source and are
management strategies likely to impact on their ecology?

1.2 Thesis Contents

This study aims to address the above questions. In Chapter 2, characteristics of the
study site are introduced, the methodology used to sample the area is developed and
a spatial database created using Geographic Information Systems (GIS) software. In
Chapter 3, environmental and biotic influences on sea turtle nesting success are
discussed. Chapter 4 deals with nest site selection and the implication of nesting site
on egg predation. The influence of sea turtle nesting on Varanus activity area size,
habitat use and diet are discussed in Chapter 5. Chapter 6 investigates the strategies
employed by V. panoptes in searching for turtle eggs; estimating the number of eggs
required by the population to replenish energy spent searching, and the efficiency of
searching in terms of the path taken and the number of sea turtle nests encountered.
The implications of these findings for the Fog Bay rookery are then discussed.

4

1.2.1 The Study Area and Sampling Methods

The primary study area was the Fog Bay mainland sea turtle rookery (12· 43' S; 130·
20' E to 12· 40' S; 130· 21' E), Northern Territory. Flatback and, occasionally, Olive
Ridley Sea Turtles nest in the area during the dry season (Guinea 1994a; B1amires
and Guinea 1998). The study site runs for 4.9 kIn north-south along the Fog Bay
coast, from Patterson Point to Native Point. The southern-most 1.4 krn is mostly
rocky coast backed by monsoon forest, the remaining 3.5 krn of beach has steeply
sloping dunes of varying height, backed by grassland and mangrove and is bisected
by a creek approximately 2.8 krn north of Native Point.
Impacts of geography on a biological process, such as sea turtle nesting may
be assessed by combining field analyses and spatial analyses using GIS software (De
Mers 1997). A GIS analysis can aid in predicting the most suitable nesting sites
based on interactions among geographic variables (Burke et al. 1998) to generate
more focused management pstrategies.
The major nest predator at Fog Bay is the goanna Varanus panoptes (Guinea
1994a; Blamires and Guinea 1998). Their habitats may be identified from signs such
as tracks, scats, burrows and radio tracking points (Pianka 1986, 1994; Kenward
1987) and the interaction of goanna habitats, identified by these means, with sea
turtle nesting habitats and geographic variables may be monitored using GIS
software (De Mers 1997; Burke et al. 1998). Chapter 2 explains how I applied these
analyses to visualise possible interactions at Fog Bay.

1.2.2 Biotic and Environmental Influences on Nesting Success

Apart from predation, biotic causes of sea turtle nest mortality include bacterial,
fungal and invertebrate infestation (Wyneken et al. 1988; Broderick and Hancock
5

1997) and plant root invasion (Whitmore and Dutton 1985; Wyneken et al. 1988;
Godfrey et at. 1996). High tides (Whitmore and Dutton 1985), erosion (Le Buff and
Haverfield 1992) and exposure to severe temperature (Miller 1982) also destroy sea
turtle nests and eggs. Temperature influences the sex ratio of emerged hatchlings
(Morreale et at. 1982). Nests are heated by the surface sand absorbing short wave
radiation, which affects nest-depth temperatures through heat absorption by the sand
(packard and Packard 1988). Nests may gain protection from the effects of radiation
from shade (Mrosovsky et al. 1995) andlor orientation of the beach or nesting site
(Limpus et at. 1983a). Protecting nests from predators is only useful when a high
percentage of eggs are expected to hatch and a mixture of male and female
hatchlings is produced (Whitmore and Dutton 1985). My aim in Chapter 3 is to
investigate the time most critical for a high output of hatchlings of both sexes at Fog
Bay.

1.2.3 Influence of Nest Site Selection on Predation

Blamires and Guinea (1998) reported that, due to the steepness of the dunes, N

depressus nests along the dune base at Fog Bay, which potentially exposes them to
predators. The reason N depressus nests along the dune base at Fog Bay requires
interpretation, since at most other sites examined N depressus nests above the dune
slope (Limpus 1971; Bustard 1972; Bustard et at. 1975). The limiting effect of the
dunes on sea turtle nest site selection at Fog Bay remains to be construed, it may be
that the dune base is used as a cue to initiate nesting by N depressus at this site. I
compared the crawl characteristics of nesting N depressus (as described by Bustard
et al. 1975) at Fog Bay with those at Mundabullangana, Western Australia (118° 04'
E: 20° 31' S); where high-density nesting occurs during summer and the dunes are
not as steep, but of similar height and positioned about as far from the water as at
Fog Bay (Prince 1994a).
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Counting the number of nests raided by predators at each of the possible
nesting sites is an inadequate method of quantifying the impact of nest site selection
on predation when there is an uneven distribution of nests and predators at each site,
as the ability of a predator to locate nests needs to be considered (Stancyk et al.
1980; Blamires and Guinea 1998). No study has yet experimentally investigated the
relationship between the nesting site of sea turtles and egg predation. In Chapter 4, I
aim to do identify the relationship between nest site selection and egg predation by
goannas at Fog Bay.

1.2.4 Influence of Turtle Nesting on Varanid Activity Area

Activity area is the space in which a varanid is likely to be found during a given
period (Auffenberg 1981; Thompson 1994; Thompson et al. 1999). The size of
seasonal activity areas has been measured in temperate (Green and King 1978;
Weavers 1993; Thompson 1994) and arid (King 1977; Green and King 1978;
Thompson et al. 1999) habitats. Of the studies ofvaranids in tropical coastal regions
(Auffenberg 1981, 1994; Green et al. 1986; King et al. 1989), none has examined the
influence of food abundance (e.g. sea turtle nests) on activity area size and
utilization. In Chapter 5, I report on the relationship between the size of the activity
area, habitat occupation, diet and the availability of sea turtle nests for V. panoptes at
Fog Bay.

1.2.5 Influence of Turtle Nesting on Varanid Foraging

For a varanid foraging on a tropical beach, sea turtle eggs make an ideal prey choice,
due to their relatively low encounter costs and the high caloric return (Waldschmidt
et al. 1987), therefore V. panoptes at Fog Bay may be targeting this food source

when on the beach.
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It needs to be known how many nests are required by V panoptes to maintain
energy balance so that sea turtle management strategies can account for this
requirement. By estimating energy expenditure for V. panoptes searching the beach
for sea turtle nests, it may be possible to estimate how many eggs are required by the
population to ensure adequate caloric replenishment from their efforts (Pyke 1984;
Waldschmidt et al. 1987). The foraging paths ofvaranids on a sandy substrate may
be determined by following tracks (Pianka 1986) and energy expenditure may be
estimated if the metabolic rate and the time taken foraging is known.
Search strategies may vary from conservative, searching briefly for prey, or
"risk-prone" searching extensively for prey depending on the likelihood of prey
encounter (Stephens and Krebs 1986). Several factors, such as hunger and the need
to search for mates or thermoregulation (Richardson 1983; Pyke 1984), influence the
strategy an animal employs. An animal searching optimally for prey always directs
its movements toward its prey, which has been described as a high "foraging
directionality" (Pyke 1984).

In Chapter 6, I constructed an energy budget for V panoptes searching for sea
turtle eggs at Fog Bay by measuring their tracks and using the metabolic rate and
hours of activity estimated for V. panoptes by Christian et al. (1995). The number of
eggs required per month to replenish caloric expenditure was estimated from this
energy budget. The "foraging directionality" was predicted by measuring the
direction of several straight segments of tracks.

1.2.6 Synopsis and Conclusions

Upon completion of the investigations in Chapters 3 to 6, I summarise the studies
fmdings and assess the impact of predation on sea turtle nests by varanids at Fog
Bay. Some possible future management strategies for the area are proposed based on
the studies conclusions.
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CHAPTER 2

SAMPLING METHODS AND DEVELOPMENT OF A SPATIAL
DATABASE

2. SAMPLING METHODS AND DEVELOPMENT OF A

SPATIAL DATABASE

This chapter describes the study area and some sampling methods used. The first
aim was to create a spatial database for the area, so I could visualise any
relationships between v.panoptes and sea turtle nesting in a geographical context.
The location and numbers of other animals likely to influence sea turtle nests or
hatchlings (e.g. possible predators of hatchlings or alternative prey for V. panoptes),
the type of vegetation, the morphology of the dunes, and the physical structure of the
beach, were sampled and entered into the database, to visualise their influences on V.

panoptes and turtle nests and/or hatchlings.

2.1 The study site

The primary study site was the mainland stretch of beach at Fog Bay between Native
Point and Patterson Point (12° 43' S; 130° 20' E to 12" 40' S; 130° 21' E; Figure 2.1).
The area was originally part ofthe Finnis River station. Much of the area south of
Native Point has been subdivided and sold as real estate. In 1990, the Lodge of
Dundee opened just south of Native Point and the area became a popular recreational
fishing location. The area is largely undisturbed and owned by H and K
Earthmoving. It is possible this area could be disturbed in the future, as it has not
been offered any particular conservation status.

2.1.1 Climate

The area is under the influence of strong seasonal shifts in climate. In the wet season
(November to February) winds blow from the west, or northwest, there is more cloud
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cover, mean relative humidity is high (9 a.m. mean = 79.3%; 3 p.m. mean = 66.5%)
and their is more thunder, rain (monthly mean for Darwin = 282.5 mm) and storms
than all other times of year (Bureau of Meteorology 1989). In the dry season (May
to August), the wind blows from the south or southeast and there is more sunshine, a
lower mean relative humidity (9 a.m. mean = 65.5%; 3 p.m. mean = 40.3%) and less
rainfall (monthly mean for Darwin = 6.5 mm) than in the wet season (Bureau of
Meteorology 1989). During the transition periods between the wet and dry seasons,
there is little change in daytime temperatures (3 p.m. wet season mean = 32.2°C; dry
season mean = 30.9°C) but humidity and rainfall is highly variable (Hickey 1985;
Bureau of Meteorology 1989).

2.1.2 Beach Characteristics

I divided the study area into four stretches of beach (Beaches 1 to 4, as described by
Blamires and Guinea 1998). Beach 1 is mostly rocky coast with shallow sand, low
dunes and backed by monsoon forest (Hickey 1985). Beaches 2 to 4 are well drained
sandy beaches with dunes of varying height and slope, backed by tidal mudflats and
mangroves. The high water mark has scattered rock in some areas (Hickey 1985). A
creek separates Beaches 3 from Beach 2 when the tide is over 3 m. Tides are
semidiurnal with a spring tidal range of up to 8 m.

2.1.3 Fauna

Species accounts and seasonality of sea turtle nesting at Fog Bay are provided by
Guinea (1 994a,b ). Goannas (Varanus panoptes) are the major predators of nests
(Guinea 1994; Blamires and Guinea 1998). Feral pigs (Sus scrota), cats (Felix

catus), dingoes (Canisfamilaris dingo), water rats (Hydromys chrysogaster) and
ghost crabs (Ocypode spp.) are other potential predators of sea turtle nests (pers.
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obs.). Ghost crabs are also a potentially significant predator of hatchlings (Limpus
1971; Blamires et al. 1999). Potential avian predators of hatchlings in the area
include Brahminy Kites (Haliastur indus), Great and Lesser Frigatebirds (Fregata

minor and F. aerial), Nankeen Night Herons (Nycticorax caledonicus) (Whiting et
at. 1997) and Black-Necked Storks (Ephippiorynchus asiaticus; Whiting and Guinea
1999).
The fauna impacts on turtle nests at Fog Bay in ways other than via predation.
For example, goannas may prey on small reptiles (Thompson and King 1995),
mammals (King et at. 1989), insects (Worrell 1970; King 1977; Traeholt 1997) and
crabs (Gaulke 1991) all of which may prey on eggs and hatchlings. In the dry
season, Rainbow Bee-eaters (Merops ornatus) dig their nests into the dunes (pers.
obs.) and goannas have been known to raid their nests (Thompson 1996), which may
result in disturbance of sea turtle nests. Grazing by wallabies on the fore-dune flora
may alter the stability of the dunes (Ramsay and Wilson 1997) and reduce the cover
available for sheltering goannas and incubating sea turtle nests.

2.1.4 Flora

High-canopy, tropical monsoon forest backs most of the dunes of Beach 1.
Grasslands, with sparsely dispersed Pandanus trees back the dunes of Beaches 2 to 4.
The flora of the fore-dunes have critical impacts on sea turtle nests as they may offer
protection from temperatures lethal to eggs (Limpus et al. 1994) and, in some
instances, terrestrial predators (Johnson and Ehrhart 1995; Sivasunder and Prasad
1996). However, nesting among vegetation may cause egg mortality by the invasion
of roots into the clutch (Whitmore and Dutton 1985; Wyneken et at. 1988; Godfrey

et al. 1996).
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2.2 Sampling Methods

I visited the site twice monthly, with each trip lasting two to seven days, over the
period March 1997 to December 1998. Other than six (three in each season) trips, all
site results were made on a falling tide (from spring to neap) to make it easier to
predict the age of turtle tracks (Chapter 3).
I divided each beach into 100 m sectors, measured using a flexible fibreglass
tape measure (100 m.) and marked by a metal stake on the dune crest. Beaches 1 and
2 each had 14 sectors (i.e. are 1.4 km long), Beach 3 had 11 sectors and Beach 4 had
10 sectors.

2.2.1 Dune Height and Slope

I measured dune slopes using a clinometer (ON, Suunto, Helsinki) by lying on top
of the dune and aligning the clinometer with the dune base. I made three
measurements in each sector in 1997 and 1998 to determine any change in slope. I
estimated dune height every 30 m in all sectors along Beaches 2 to 4, at a constant
distance of 35 m from the dune. The clinometer readings (percentage of eye height)
were compared to prior readings measured on an object of known height, from 35 m.
Dune slopes and heights were averaged for each sector and beach.

2.2.2 Beach Geography
I measured sand depth by inserting a steel probe (1.5 metres long) into the sand until
rock, or other hard surface was reached. I made three measurements in each sector,
at 30m intervals so an average for each sector could be made. The presence or
absence of rock in the dune and at the spring high water mark was recorded for each
sector.
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2.2.3 Vegetation

I measured vegetation density every 20 m, along 100 m transects from the dune crest
inland using a densitometer (Model A, Bartlettsville OK) held level approximately
10 cm from the ground. Density was determined according to the amount of cover
(114, 112,3/4 or whole), using a value of 1 to 4 for each of the 24 squares on the face

of the densitometer. An index of vegetation density was the sum of the numbers for
each of the 24 quadrant (maximum of96), which was expressed as a percentage by
multiplying by 1.04. Habitat was classified as either closed forest (CF), open
woodland (OW), closed woodland (CW), shrub land (SL), grassland (GL) or
mangrove (MY) at each of the five points along the transects. Plant species were
recorded along every third transect and assumed to represent a 300 m x 100 m area.

2.2.4 Sea Turtle Nests

I identified crawls by the presence of turtle tracks running between the high tide line
and the dune (Limpus 1985; Schroeder and Murphy 1999). Each track was marked
above the high water mark to avoid recounting on subsequent visits (Schroeder and
Murphy 1999). Successful nests were identified by the presence of a sand mound
partially covering the emerging track, created by the turtle flicking sand over the nest
after filling (Bustard 1972). The location of each nest was recorded according to
beach and sector and whether it was on the dune crest, slope or base.

2.2.5 Goanna Capture and Measurements

I captured goannas by hand, noose or baited trap and they were each placed in a
hessian bag and weighed, using a Salter hanging balance (20 kg ± 0.5 kg). Snout-tovent length (SVL) and total length (TL) were measured using a flexible, fibreglass
13

tape measure. On each trip every goanna track that crossed the dune crest, onto the
beach, was recorded according to its beach and sector and raked clear. I collected
goanna scats and recorded their location; the contents were subsequently analysed
(Chapter 5). I tagged go anna burrows with flagging tape, tied to nearby vegetation.
Deep burrows were examined using a burrowscope (Dyer and Hill 1991; Dyer and
Aldsworth 1998) to detennine occupancy andlor possible use. Any visual
observations of goannas were also recorded.

2.2.6 Other Fauna

I counted grasshoppers, monthly from July 1997 to June 1998, while walking
through the grassland immediately behind the dunes of sectors 4-13 behind Beach 2
and sectors 1-10 behind Beach 3 and 4.
I recorded the number and location of Merops ornatus burrows each month
from April to November 1998 and those larger than 38 x 38 mm were examined
using the burrowscope. The number and location of birds considered a potential
predator on turtle hatchlings were identified to species [using Simpson et al. (1996)]
and recorded.
I counted Ocypode burrows in the wet season (December 1997-January 1998)
and dry season (June-July 1998). All counts were done at low tide. Each sector was
divided into three transects, every 33 m, and partitioned into intertidal, beach and
dune areas. The number of Ocypode burrows was recorded for each area, along
transects, in all sectors.
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2.3 Developing a Spatial Database
2.3.1 Rationale

Maps derived from imagery (eg. satellite imagery or aerial photographs) may be used
to effectively represent attributes and locations of spatial data with the accuracy
governed by the scale (Hinton 1996; De Mers 1997). These maps may be analysed
using Geographic Information Systems (GIS) software by the merger of spatial and
other databases (Mahoney 1991; De Mers 1997). Wildlife researchers use GIS to
analyse topology, vegetation, soil profiles and long-term changes in animal habitats,
home ranges and nesting areas (Haslett 1990; Baija11996; Bryan 1997; Burke et al.
1998). Researchers in northern Australia are increasingly using GIS and remote
sensing to monitor remote ecosystems (Devonport and Waggitt 1994), including the
feeding grounds of sea turtles (Devonport et al. 1998). Although a worldwide GIS,
to map sea turtle nesting grounds, has been proposed (Groombridge 1996), there
have been few applications of GIS techniques for mapping small-scale habitats, such
as a sea turtle nesting beach.

2.3.2 Application for Fog Bay

To map the sea turtle nesting beaches at Fog Bay, a series of three aerial photographs
(resolution 1: 10,000) were obtained from the Department Lands Planning and
Environment (Northern Territory Government). These were scanned at 600 dots per
inch, mosaiced using MapInfo (MapInfo Software Corp., Troy, NY) and
georeferenced using ERDAS Imagine 8.3 (ERDAS Inc, Atlanta). Australian Map
Grid coordinates (AGD 66 datum) were assigned, from a 1:50,000 topographic map,
to selected ground control points (GCPs). The georeferenced images were then
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transferred into Arcview GIS (version 3.1; Environmental Systems Research
Institute, Redlands, CA).
Each sector border was assigned with an ADG 66, X and Y coordinate, taken
in the field by Global Positioning System (GPS; Magellan 2000, Magellan Systems,
San Dimas CA). These coordinates were added as an "event theme" to the GIS.
Polygon themes created between sector markers were all areas consisting of beach
and areas from the dune to 100 m inland. Dune height and slope (1997 and 1998)
and sand depth (mean and

st~dard

deviation) data were attributed to polygons

representing areas of beach. Vegetation data were attributed to polygons
representing areas behind the dune. Centroids (De Mers 1997) were created within
each sector, to which fauna data were attributed. The number of sea turtle nests
within each sector in 1997 and 1998 was also attributed to centroids.
Potential complications ofraster-vector conversion (Johnston and Bonde
1989; Hinton 1996) were avoided by using only the vector system, once the images
were digitised. When GPS coordinates denoting sector markers and other locations,
were entered into the GIS many were offset from their predicted positions along the
coast. This was due to GPS data points suffering random and systematic errors of up
to 100 m (Kennedy 1996; Mok 1996) which were significant due to the scale of the
maps. Random errors may be corrected for by taking more readings, however,
systematic errors are only corrected by differential techniques (Kennedy 1996; Mok
1996). In this instance positional adjustments were made when necessary by
reference to field notes and aerial photographs.

In the future input may come from remotely sensed imagery (Hinton 1996),
geostatistic applications (Burrough and Frank 1995) or field data. Points
representing crucial nesting areas may have buffers of a user-specified size around
them, to represent conservation areas where public access is limited.
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2.3.3 Output

Output from the database was made possible by combining data collected in the field
with spatial data derived from imagery and GPS. The data output below was used as
a guide to visually distinguish areas of importance for interactions between sea turtle
nests and goannas and other fauna and possible geographic interactions. More
precise statistical associations are examined in Chapters 3 to 6.

2.3.3.1 Beach Characteristics

Dune heights, slopes and sand depths are shown in Figure 2.2A and B respectively.
The heights varied from 1 to 13 metres on Beach 2, but were more consistent along
Beach 3 and 4 (all between 6 and 7 metres) except for Beach 4, sectors 7 to 10,
which were over 9 metres. The mean dune slopes measured in 1997 were Beach 2 =
37.7° (SD = 7.2), Beach 3 = 33.7 0 (SD = 3.2) and Beach 4 = 31.0 0 (SD = 2.0). All
beaches suffered erosion during the 1997/98 wet season, probably from the Tropical
Cyclone "Les", which passed in January 1998, and all slopes were steeper (Table
2.1) in 1998. Mean slopes in 1998 were Beach 2
69.6° (SD = 4.8) and Beach 4

= 66.9° (SD =

10.9), beach 3

=

= 54.0° (SD = 10.9).

Sand depths are shown in Figure 2.2C, which predicts Beach 1 and Beach 4
past sector 7 as unfavourable for sea turtle nesting due to their shallow sand profile
(all < 30 cm). Figure 2.2D shows Beaches 1 and 2 have stretches of rocky coast and
Beaches 3 and 4 are predominantly sandy. Figure 2.2E shows dune topology and
shows that between Beach 2 sector 3 and Beach 4 sector 8 the dunes are devoid of
rock, although Beach 3 has a sandstone-lined dune base.

2.3.3 .2 Vegetation

Vegetation distribution is displayed in Figure 2.2F-1. Little vegetation appears on all
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beaches apart from Beach 1, where high tide access and sand depths rule out the
likelihood of any sea turtle nesting.

2.3.3.3 Fauna

The most common predatory birds observed (Figure 2.2J) were Brahminy Kites

(Haliastur indus), Beach Stone Curlews (Esacus neglectus), Nankeen Night Herons
(Nycticorax caledonicus) and Lesser and Great Frigatebirds (Fregata ariel and F.
minor). I found no evidence from their locations or from observing tracks in the
sand that these birds preyed on sea turtle hatchlings during the study period. Figures
2.2K and L show Ocypode burrows in the wet and dry season respectively. While
some Ocypode predation on hatchlings was observed (Blamires et al. 1999), their
low abundance in the dry season would suggest it was minimal. Figure 2.2M shows
grasshopper abundance and Figure 2.2N shows Merops ornatus burrow sites. Seven
of the 73 M ornatus burrows examined contained nests or nest material (usually
dried grass and leaves woven into a nest). The depth of 32 burrows exceeded the
length of the burrowscope (approximately 2 m).
Figure 2.20 shows the location of goanna scats on the beach and dunes for all
beaches. Fifty-one out of 113 burrows examined by the burrows cope were excavated
bee-eater, ghost crab or skink burrows; the remaining 62 were probably retreats.
Only three burrows were found occupied by goannas. Every goanna seen north of
Native Point was V. panoptes (V. scalaris was common in the trees around the Lodge
of Dundee); thus, all goanna tracks, scats and burrows were assumed to belong to V.

panoptes.

2.3.3.4 Sea Turtle Nesting

Sea turtle nesting occurred on sectors 3 to 14 of Beach 2, sectors 1 and 6 to 11 on
Beach 3 and sectors 1 to 7 on Beach 4, as predicted by the sand profiles. Nesting
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densities of greater than 25 nests per sector, in either year, was found on Beach 2,
sectors 12 and 13, Beach 3, sectors 8 and 10 and Beach 4, sectors 4 to 6. These were
areas that had a deep sand profile and no rock at the spring high water mark or in the
dunes.
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TABLE 2.1. Dune slopes (0) measured in 1997 and 1998 and the change in slope.

Beach

Sector

Dune Slope '97

2

4
5
6
7
8
9
10
11
12
13
14
2
3
4
5
6
7
8
9
10
11
1
3
4
5
6
7

50
35
45
40
40
35
45
35
30
35
22
35
30
35
32
30
35
30
35
40
35
33
28
30
30
33
32

Dune Slope '98

C)

C)

3

4

61
46
80
82
68
66
75
53
74
66
65
72
75
72
64
78
67
68
71
64
65
37
48
50
60
64
65

Change in
Slope C)
+11
+11
+35
+42
+28
+ 31
+30
+ 18
+44
+ 31
+43
+37
+40
+37
+32
+48
+ 32
+ 38
+36
+24
+ 30
+4
+20
+20
+30
+ 31
+33
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FIGURE 2.1. Location of the Fog Bay study site.
Beaches and sector locations are indicated.
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FIGURE 2.2. GIS outputs.
Showing:
A. Dune heights.
B. Dune slopes (1997).
C. Sand depths.
D. Access at spring high tide line (rocky of sandy).
E. Dune topology, classified as either rocky or sandy.
F. Vegetation diversity (the number of species counted per
300x100 m block).
G. Canopy cover (as a percentage).
H. Dominant vegetation (three most dominant genera).
I. Vegetation type, classified as closed forest (CF), open

woodland (OW), closed woodland (CW), shrub land (SL),
grassland (GL) or mangrove (MY).

J. Number of predatory birds observed per sector, per month.
K. Ghost crab burrows in each sector in the dry season.
L. Ghost crab burrows in each sector in the wet season.

M. Grasshoppers counted behind the dune per sector, per
month.
N. Rainbow Bee-eater burrows counted per sector, per month
between April and December 1998.
O. Number of goanna scats found on the beach and behind the
dunes per sector, per month.
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CHAPTER 3
BIOTIC AND ENVIRONMENTAL INFLUENCES ON NEST
SUCCESS

3. BIOTIC AND ENVIRONMENTAL INFLUENCES ON NEST
SUCCESS

3.1 INTRODUCTION

In this chapter I determined which fonns of sea turtle egg mortality, other than nest

predation, were prevalent at Fog Bay. Since, preventing terrestrial predators from
destroying sea turtle nests may not necessarily contribute to an increased hatchling
output if other factors, such as insect or bacterial infestation, unsuitable nest
temperatures or other detrimental environmental influences are prevalent (Limpus et
al. 1983b; Miller 1999). The aims of this chapter are: 1) to investigate the effects of

biotic and environmental influences on N. depressus emergence success at Fog Bay;
and 2) direct management options at areas, and times of the year, where hatchling
emergence success is maximised.

3.1.1 Emergence Success

Emergence success, the number of hatchlings that reach the beach surface, is a
commonly used indicator of nest success and is measured by excavating hatched
nests and counting the remaining eggshells (#shells) and any hatchlings alive (#L) or
dead (#D) in the nest, or dead in the egg (UHT), as well as the number of unhatched
eggs with obvious embryo development (UH), without obvious embryo development
(UD). The number lost to predators (P) can be estimated if the number of eggs in the

clutch is known, or is assumed zero unless previously quantified (Miller 1999).
Emergence success is then detennined by the equation:
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Emergence Success (%) = 100% # shells - (#L + #D)
#shells + #UD + HT + #P (Miller 1999).

Several biotic facors, such as terrestrial predators, plant roots and bacteria, and
environmental factors, such as lethal temperatures and high salinity, hinder
embryonic development, hatching success and hatchling emergence from the nest in
sea turtles (Packard and Packard 1988; Wyneken et al. 1988; Johnson and Ehrhart
1995; Sivasunder and Prasad 1996). Those factors most influential at Fog Bay were
investigated herein.

3.1.2 Biotic Influences

Of the many biotic influences on emergence success, egg predation has the greatest
and most obvious affect at many rookeries (Stancyk et al. 1980; Limpus et al.
1983a,b; Sivasunder and Prasad 1996; Vanderleley 1996). Strategies aimed at
deterring large predators include egg relocation (Stancyk et al. 1980; Ratnaswamy et

al. 1997) and predator exclusion from the beach, or from individual nests (Limpus
and Fleay 1983; Ratnaswamy et al. 1997). hnplementation ofthese strategies has
had varied success, for example relocation of eggs decreased nest predation by
raccoons on a Florida rookery (Stancyk et al. 1980) but was insignificant at another
site (Ratnaswamy et al. 1997). Wire screens were an effective deterrent to predators
in the Caribbean (Hillis 1995) but not in Western Greece (Margaritoulis et al. 1996).
Since estimates of predation rely on counts of destroyed nests, when
predation is high other, less conspicuous, predators (eg. crabs, insects and
microorganisms) may be neglected but could be significant in the absence of large
terrestrial predators (Chan and Leiw 1989; Johnson et al. 1996; Wilmers et al. 1996;
Broderick and Hancock 1997), often leading to over-estimation of the impact of
predation by large predators.
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3.1.3 Environmental Influences

Environmental influences on emergence success include; exposure to lethal
temperatures (Miller 1982; Limpus et al. 1983b), flooding by tides (Hays and
Speakman 1991; Mrosovsky 1996), salinity and beach erosion (Limpus 1978;
Limpus et at. 1984a). These factors may increase egg andlor hatchling mortality,
ultimately placing greater importance on juvenile and adult survivorship to maintain
the breeding popUlation (Crouse et al. 1987). Hatchling mortality may occur in the
egg or upon hatching. Hatchlings may fail to hatch because of infection, starvation,
exposure to lethal temperature (Miller 1985) or asphyxiation (prange and Ackerman
1974) within the egg, or by unidentified causes. Hatchlings may hatch but fail to
emerge from the nest because of compacted soil (Mrosovsky 1989), asphyxia
(Prange and Ackerman 1974) or lethal temperatures (Miller 1985). Dividing
clutches have been implicated to improve the emergence success of Atlantic
Loggerhead Sea Turtles (Carretta carretta) due to smaller clutches allowing a more
even distribution of temperature and moisture within the nests (Stout 1996).

3.1.3.1 Influence of Temperature

Sand at nest depth must be sufficiently moist and within an optimum temperature
range to function as a good incubator (Miller 1982; Limpus et al. 1983b). The
influence of nest temperature on embryogenesis of sea turtles is widely documented
(Ackerman 1981, 1997; Miller 1982, 1997; Mrosovsky 1995). Eggs will seldom
hatch when incubated above 33°C or below 24°C (Limpus et al. 1983b; Miller
1997). Air temperature and sand surface temperature and moisture, due to the
thermal conductivity of sand (Ackerman 1981; Dutton et al. 1985), influence the
temperature in the nest. Depth of nests, sand colour, grain size and metabolic heat
generated by incubating eggs cause variations in the incubation temperature of
individual nests (Mrosovsky 1994; Vanderleley 1996; Godfrey et at. 1997).
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Temperature-dependant sex detennination (TSD) occurs during the middle
third of incubation (Spotila et al. 1987; Godfrey and Mrosovsky 1997; Binckleyet
al. 1998). More males are produced at lower nest temperatures, while more females
are produced at higher nest temperatures (Morreale et al. 1982). The "pivotal
temperature" is where the male to female sex ratio of hatchlings is 1: 1. Pivotal
temperatures lie between 28.5°C and 30°C for Loggerhead, Green (Chelonia mydas),
Hawksbill (Eretmochelys imbricata) and Leatherback (Dermochelys coriacea) Sea
Turtles (Miller and Limpus 1981; Mrosovsky 1988, 1992; Binckley et al. 1998). A
slightly higher (30-31 °C) pivotal temperature has been found for Olive Ridley Sea
Turtles (McCoy et al. 1983; Wibbels et al. 1998). A pivotal temperature of29.3°C
was determined for a population of N depressus in eastern Australia (Limpus
1995a). It therefore may be possible to estimate the sex ratio of hatchlings by
monitoring nest temperatures, if the pivotal temperature is known or can be
estimated.
Apart from influencing hatchling sex ratio, nest temperature influences the
incubation period, which increases as nest temperature decreases (Dutton et al. 1985;
Mrosovsky et al. 1995). An increase in incubation period may increase the potential
exposure to factors causing nest mortality (Miller 1982; Whitmore and Dutton 1985).

3.1.3.2 Influence of Tides Associated with Season

Flooding of nests usually occurs when nests are laid below the spring high water
mark (Whitmore and Dutton 1985). Mortality from high salinity may occur if eggs
encounter salt water (Sivasunder and Prasad 1996). Most sea turtles will lay their
eggs above this mark, as the dunes provide the most favourable environment for egg
incubation (Kraemer and Bell 1980; Spotila et al. 1987). Natator depressus usually
nests well above the high water mark (Bustard et al. 1975; Ehrenfeld 1989; Chatto
1998). Ifunable to find a suitable nesting site, N depressus may abandon the nesting
attempt (Bustard et al. 1975; Vanderleley 1996) or place a nest at a site potentially
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exposed to high tides (Bustard 1972; Limpus 1985). Only severe weather or an
unstable beach will cause a clutch above the high water mark to be lost to flooding
(Limpus 1985).

3.1.3.3 Influence of Erosion Associated with Weather

Erosion is a significant form of mortality at many rookeries (Limpus 1985; Le Buff
and Haverfield 1992). Erosion of the beach and dune can bring about egg mortality
by exposing eggs to air, which causes them to dehydrate or become exposed to
temperatures that are unfavourable for embryonic development (Ackerman 1981;
Limpus and Fleay 1983; Sivasunder and Prasad 1996). Tourist activities (Limpus
and Fleay 1983; Chan and Leiw 1989), high tides (Sivasunder and Prasad 1996),
strong winds and rainfall (Limpus 1985) and dense sea turtles nesting (Hays and
Speakman 1991) may heighten the chances of beach erosion. Global warming may
cause higher tides and increased rainfall, which will lead to beach erosion (Le Buff
and Haverfield 1992; Fonnia 1996; Davenport 1997).

. 3.1.3.4 Influence of Storms

In addition to causing nesting beaches to erode, severe rain may flood a nest, killing
all embryos, or reduce nest temperatures, thereby increasing incubation period and
altering hatchling sex ratio (Kraemer and Bell 1980; Mrosovsky and Yntema 1982;
Limpus 1985). Cyclones and severe storms may destroy all clutches on a particular
beach (R. Prince, pers. comm.).

3.1.4 Infertile and Undeveloped Eggs

Another important consideration in determining sea turtle emergence success is the
number of eggs without any embryonic development (Miller 1999). Embryos may
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fail to develop in the egg due to early mortality or infertility of the egg (Whitmore
and Dutton 1985; Miller 1999). The two may be difficult to distinguish (pannenter
1980; Whitmore and Dutton 1985). The presence of a white spot may aid in
differentiating between early mortality and infertile eggs (Miller 1985; Whitmore
and Dutton 1985; Chan 1989). The number of undeveloped eggs markedly affects
emergence success, for example Loggerheads in Florida produce many clutches with
a high proportion of undeveloped eggs late in the season (Le Buff and Beatty 1971).
Often the number of hatchlings reaching the sea is sufficient to sustain populations
and infertile and undeveloped eggs are not of concern, but if infertility or early
embryonic mortality is particularly high, the nests should be protected from predators
to prevent any further decreases in hatchling emergence (Miller 1985; Whitmore and
Dutton 1985).

3.1.5 Mortality Upon Emergence

A high emergence success is oflittle value for sustaining the popUlation if most
hatchlings are lost to predators while crossing the beach (Limpus and Fleay 1983).
Manynoctumal birds are predators of sea turtle hatchlings (Limpus 1978; Bustard
1972; Limpus et al. 1983c; Whiting et al. 1997). Ghost crabs maybe a significant
predator if in large numbers (Stancyk 1982). Varanids, however, would not be
expected to prey on emerged hatchlings, as their diurnal activities (King and Green
1993) would not coincide with the nocturnal emergence of N. depressus hatchlings
(Bustard 1972; Vanderleley 1996). Mammalian predators of hatchlings may include
feral cats, rats and Dingoes (Limpus 1978; Stancyk 1982).

3.1.6. Possible Influences at Fog Bay

Sea turtle nesting at Fog Bay occurs during the dry season (March to October) when
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sand temperatures at nest depth are the most favourable for egg incubation (28-30°C;
Guinea 1994a,b). At this time of year rain, storms and cyclones are unlikely (Hickey
1985; Knight 1986). The principle cause of egg mortality is predation by goannas
(Guinea 1994a; Blamires and Guinea 1998) although other causes are unquantified.
The environmental factors expected to have the greatest influence on egg
survivorship would be the incubation temperature and erosion. High tides might
contribute to egg mortality when obstacles force turtles to nest below the spring high
water mark. This may occur.on Beach 3, where high tides frequently reach the base
of the steep, sandstone lined dunes.
The Black-Necked Stork is the most prominent avian predator on emerging
hatchlings on the islands at Fog Bay (Whiting and Guinea 1999). I found no
evidence of predation onN depressus hatchlings by Black-Necked Storks, or any
other birds (Chapter 2). Ghost crabs prey on hatchlings at Fog Bay (Blamires et al.
1999), but are active in comparatively low number in the dry season (Chapter 2)
when most N depressus nests are hatching, and would be expected to have minimal
impact on the number of hatchlings entering the sea. Hatchling mortality across the
beach appears relatively low at Fog Bay and it may be assumed that most hatchlings
emerging from nests reach the sea.

3.2 METHODS

3.2.1 Fate of Nests

I monitored the nesting beaches at Fog Bay over two nesting seasons (1997 and
1998) and turtle crawls were identified, marked and those with nests associated
differentiated from those with no nest associated as described in Chapter 2. Nest
locations were grouped into those on the dune base, the slope or the crest. To
determine the nesting date so I could calculate incubation time, each nest was
classified as being: from the previous night, up to one week, one to two weeks or two
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weeks old. Those from the previous night had fresh tracks beginning at the current

high water mark. One-week-old tracks were assumed when the tracks were covered
by the recent high tide. One to two-week-old tracks were assumed if at the present
tide level, partially covered by sand and not covered by the last spring tides. Twoweeks-old tracks were covered by the last spring tides (Schroeder and Murphy 1999).
When on the beach with tides rising from neap to springs, distinguishing between
tracks that were one to two-weeks and two-weeks-old was difficult, since all were
covered by the last springs. These nests were all regarded as two-weeks-old.
Marked nests were revisited on subsequent trips until hatched, or destroyed
by predators. The ultimate fate of each nest was recorded as; a) hatched (if the nest
eventually produced emergent hatchlings), b) raided (if succumbed to predation;
regardless of how many times it was raided) or c) unaccounted for. These were
grouped into the time periods: March to May (early nesting season), June to August
(peak nesting season) or September to November (late nesting season) depending on
when they were laid. Nests that had hatched, but were subsequently raided by
predators, were recorded as hatched nests.

3.2.2 Emergence Success

As many hatched nests as possible were excavated upon encounter, the clutches were
counted and nest depths measured using a fibre glass tape measure. The eggs were
classified as hatched, hatched but live in nest, dead in nest, unhatched and
undeveloped (Limpus 1985). Distinction between infertile eggs and those in which
early mortality had occurred was not made. Emergence success was calculated as
described by Miller (1999). The differences in emergence success between MarchMay and June-August were compared by an unpaired t-test.
Thirteen nesting turtles were encountered laying over the two nesting seasons
(8 in 1997 and 5 in 1998). These clutches were counted taking caution not to alter
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the orientation ofthe eggs and taking no more than three hours from the time of
laying to prevent potential egg mortality (Limpus et ai. 1979; Parmenter 1980). A
length of surveyors flagging tape (30 cm) was left in the bottom of each nest, on
which was recorded with a permanent marker: the clutch count, date and turtle tag
number (iftagged). When counting was completed, these nests were filled in and
covered by wire mesh screens (Ratnaswamy et al. 1997). The screens were removed
prior to hatching. Since there is some evidence that wire screens impact on
emergence success (Murphy and Bjork 1996), the nests were excavated upon
hatching and the eggs classified, as described above. The emergence success of
protected nests was statistically compared with the nests not protected using a MannWhitney U-test.

3.2.3 Biotic Influences

Counts of eggshells surrounding predated nests were used to estimate damage caused
by predation. Those significantly damaged (::::40 eggshells) were assumed to be
totally destroyed and were not monitored further. Those with little damage were
continuously monitored for further predation or hatching. In hatched nests, eggs that
had no developing embryo when opened were considered 'undeveloped'. Ofthese,
any eggs with visible signs of internal or external infestation by bacteria, mould or
insect larvae (Dutton et al. 1985; Chan and Leiw 1989) were further classified as
"infested" .

3.2.4 Environmental Influences

3.2.4.1 Temperature and Global Radiation

Temperature at the sand surface (OC) and at depths of 30, 40 and 50 crn were
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recorded every 30 minutes by temperature data logger (model 6003A, Unidata
Australia, Perth) operating continuously (occasionally one or more probes were taken
out and repaired, causing small breaks in the data) between October 1995 and
October 1998. The logger was placed in a permanent position, attached to a metal
stake on top of the dune on Beach 2 sector 13. The temperature probes ran down the
stake and into the sand to their appropriate depths. Short wave global radiation (Cal
cm-2 min-!) and air temperature (OC) were recorded by a radiation probe (model 6501
D/TGH, Unidata Australia, Perth) attached to the data logger. Two data loggers

were used alternatively allowing the data to be down loaded in the laboratory and
stored on disc after every trip. The data were later examined and data sets causing
unusual peaks or troughs were eliminated from analyses.
Environmental data recorded included: 1) Air, sand surface and sand
temperature at 50 cm depth and 2) temperatures at 30, 40 and 50 cm sand depth; at
four times of year [January (non-nesting season), April (early nesting season), July
(peak nesting season) and October (late nesting season)]. The critical thermal
maximum temperature for egg incubation (34°C) was shown on plots and a pivotal
temperature of29.3°C was assumed and also shown on plots, in order to identify
seasonal exposure to lethal temperatures and the likely sex ratios. Regression
analysis was done between incubation period and mean sand temperatures at 50 em
during incubation for all nests, on beach, in each season. Multiple regression was
used to determine the relationship between mean sand temperatures at 50 em, clutch
size and incubation period on emergence success.
Mean global radiation was estimated at 0500,0900, 1300, 1700 and 2100
hours. To determine to what extent shading might possibly influence nest
temperatures, correlation coefficients were calculated between global radiation and
sand temperature at 50 cm.
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3.2.4.2 Tides and Erosion

On Beach 3, tides regularly reached the dune base. To detennine if tides influenced
hatchling emergence the number of hatched nests and their emergence success, for
nests at the dune base, were compared between Beach 3 and 2 and Beach 3 and 4 by
an unpaired t-tests, as the data was unevenly distributed (Zar 1984). Nests lost to
predation were not included in analyses. Since the beaches are in close proximity to
each other and nests of similar depths (>30 cm) were possible at all nesting sites
(Chapter 2), changes in the nesting environment caused by cloud cover, rain or winds
were assumed to be the same across the beaches.
The influence of erosion was detenmned across five 100m sectors (chapter 2)
on each nesting beach. Sectors 10-14 for beach 2; 6-10 for beach 3 and 3-7 for beach
4 were chosen for their turtle nesting densities and availability of slope data (Chapter
2). Correlation coefficients were calculated to detennine the relationship between
change in slope and change in the number of successful nests.

3.2.5 Sex Ratio of Hatchlings

The maximum and minimum proportion of female hatchlings produced for each
period, year, and beach were determined by applying the temperature data to a sex
ratio-temperature curve (Ackennan 1997), approximated to apply for all species of
sea turtle. Sand temperatures at 50 cm depth were used to estimate nest
temperatures, since this is close to the bottom of an average N. depressus nest
(Vanderleley 1996). The number of female hatchlings possibly produced in each
period, year and beach was detennined from their emergence success.
Any hatchlings found dead in the nest were placed in airtight plastic bags and
taken back to the laboratory and frozen (-20 0 e). These hatchlings were later thawed
and their kidneys were dissected, mounted on a slide, stained with a Schiff s Acid
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Reagent (Miller and Limpus 1981; Mrosovsky 1992) and examined histologically to
determine their sex, as they could not be distinguished by morphological traits
(Rimbolt et al. 1985). Criteria used for identifying the sex of hatchlings followed
Miller and Limpus (1981) (Table 3.1).

3.3 RESULTS

3.3.1 Fate of Nests

The 1997 season had over twice as many nests (329) as the 1998 season (164).
Except for two L. olivacea nesting in 1997, all were N depressus nests. Table 3.2
shows the number (and percentage) of nests laid, lost to predation and hatched at
each location for the two seasons. Hatching success was similar on the dune base in
1997 (20.9%) and 1998 (19.3%) while hatching success on the dune slope was higher
in 1998 (76.5%) than in 1997 (25.4%), overall hatching success was lower on the
dune slope (X 2 =7.02; df= 1; P < 0.001). Two nests hatched on the dune crest in
each season. There were more nests unaccounted for on the dune base in 1998
(36.6%) than in 1997 (20.2%), but fewer on the dune slope (5.9% in 1998: 17.5% in
1997), overall their were more unaccounted nests on the dune slope (X

2

= 10.2; df=

1; P < 0.001). One nest laid on the dune crest in 1997 was unaccounted for.
Table 3.3 shows the number of crawls and nests and their fate over the two
seasons. This shows there was less nesting in 1998 than in 1997 on all beaches.
Beach 2 had the most nests hatch in both seasons. The majority of nests were laid
between June and August in both seasons on all beaches. The number of nests
unaccounted for was greatest late in the season (September-November) in 1997 (42
of95: 44.2%). In 1998 the period with the most unaccounted nests was between
June and August (38 of 118: 32.2%). However, there were very few nests laid late in
the season (15) and the majority of these (13; 86.7%) were unaccounted for, possibly
due to exposure to high temperatures.
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3.3.2 Emergence Success

Eighty-five hatched nests (47 in 1997 and 38 in 1998) were excavated and their
clutches counted. Mean nest depth, mean clutch size, number of hatchlings emerged
per clutch and emergence success (overall, each season and each period and beach
with seasons combined) are presented in Table 3.4. A mean clutch size of52.7 eggs
(SD = 7.24; N = 47) and a mean emergence success of95.45% was found in 1997.

In 1998 there was a mean clutch size of50.04 eggs (SD = 10.23; N =38) and a mean
emergence success of93.63%. Beach 4 had a mean emergence success of97.07%
(SD = 3.52; N = 33), Beach 2 had 92.92% (SD = 12.68, N
89.72% (SD = 14.93, N

= 5).

=

47) and Beach 3 had

Mean emergence success for the periods March-May

(95.38%; SD = 5.06; N = 10) and June-August (93.73%; SD

=

11.68; N

= 73) were

not significantly different (t = 0.34, df= 83, P = 0.73). September-November had a
mean emergence rate of97.01 % (SD

=

4.16; N

=

2).

The majority of nests excavated were on the dune base. No nests on the dune
slope were excavated due to dune instability. One nest on top ofthe dune was
excavated and had 100% emergence success from a clutch of 57 eggs.
The Mann-Whitney U-test found no significant difference in emergence
success between nests protected with wire screens (N = 13) and unprotected nests (N

= 72; U = 438.5, Z =

0.365, P

=

0.719).

3.3.3 Biotic Influences

In every instance of nest predation during the two seasons, I observed goanna tracks
surrounding the excavated nests and therefore it was assumed they were responsible
for all nest predation. Predation was lower in 1998 (41 %) than in 1997 (58%) and
51.9% for both years combined. Beach 2 suffered the least predation in both seasons
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(Table 3.3). The number of eggs found infested by insects or microorganisms was
between nil (64 nests; 75.3%) and 26 (mean = 1.12; SD = 3.37) per nest (Figure 3.1).

3.3.4 Environmental Influences

3.3.4.1 Temperature and Global Radiation

The average air, sand surface ,and nest depth (50 cm) temperatures for the four times
of year (January, April, July and October) are shown in Figure 3.2. The sand surface
had the greatest mean temperature fluctuations throughout the day and the greatest
extremes at all times of year, with a minimum ofless than 20°C in July and a
maximum greater ofthan 48°C. Air temperature fluctuations throughout the day
were minimal in October. Mean temperature at 50 cm sand depth fluctuated the least
throughout the day with variations between the four times of year; with the lowest
temperatures being in June and the highest in April.
Table 3.5 shows mean, maximum, minimum and standard deviation
temperatures recorded at 30 em, 40 em and 50 em for the 1997 and 1998 nesting
seasons. The two seasons data were pooled in Figure 3.3 to show the mean
temperatures in January (non-nesting season), April (early nesting season), July
(mid-nesting season) and October (late nesting season). Maximum temperatures at
30 em were greatest in October, often above 34°C. In January, April and October
only minimum temperatures at 30 em and 40 em fell below the pivotal temperature
but in July temperatures at all depths were close to the pivotal temperature.
The mean incubation period was 53.2 days (SD = 10.91). A negative
relationship was found between mean sand temperatures at 50 em (assumed the nest
temperature) during the incubation period and incubation period (r = -0.246; P =
0.019; Incubation Period = 264.5 - 6.99 x Mean nest temperature; Figure 3.4).
Multiple regression showed that mean nest temperature (r = 0.018; P
size (r = 0.005; P

=

0.623) and incubation time (r = 0.001; P

=

= 0.38), clutch

0.772) did not
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significantly influence emergence success (R2 = 0.246; P = 0.298) and therefore not
useful as indicators for predicting emergence success.
There was a significant positive correlation between global radiation
fluctuations and fluctuations in sand temperature at 50 cm (Ts50) (r = 0.604; P>
0.001; Ts50 = 30.87 + 0.002 x Global radiation).
3.3.4.2 Tides and Erosion

Despite only 5 nests hatching, no significant differences were found between the
number of hatched nests on Beach 3 and Beach 2 (t = -1.97; df= 10; P = 0.077) and
Beach 3 and Beach 4 (t = -1.57; df= 10; P = 0.146) when nests lost to predation were
excluded from analyses. Beach 3 had a significantly lower emergence success than
beach 4 (t = 2.59; df= 37; P = 0.01). Beach 2 and Beach 3 however did not have a
significantly different emergence success (t = 0.57; df= 50; P= 0.57).
Change in the number of nests laid in 1997 and 1998 was not significantly
correlated with changes in dune slopes (r = 0.266; P= 0.338).

3.3.5 Sex Ratio of Hatchlings

Total hatchlings and the number of females produced for each period, beach and year
were determined (Table 3.6A-B). In 1997 a range of 1361 to 3675 (37-100%)
female hatchlings may have emerged from hatched nests, and in 1998, 605-2015 (30100%) may have emerged. Of fourteen hatchlings found dead during the study
period, nine had a visible gonadal ridge and/or paramesonephric duct. These were
identified as six females and three indeterminate.
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3.4 DISCUSSION

3.4.1 Fate of Nests

Only five of 107 nests laid on Beach 3, during the 1997 and 1998 nesting seasons.
Of the 102 nests that failed to hatch, predation accounted for 67. Based on a one-inseven hatching success, 10 of the 67 nests lost to predation might have hatched. This
level of hatchling output is of concern and may warrant eggs layed on this beach to
be relocated. In comparison, on Beach 2, 70 of the 94 nests not lost to predation
hatched. On Beach 4,41 of the 101 nests not lost to predation hatched (a two-in-five
hatching success). Beach 1 had no nests hatch but only five nests were laid there.
Based on these findings, Beach 3 must be considered a comparatively unproductive
beach.

3.4.2 Emergence Success

The mean clutch size was 51.6 ± 8.64 (N = 85) eggs per nest, which is comparable to
other N depressus clutch sizes (Cogger and Lindner 1969; Limpus 1971; Limpus et

al. 1981; Limpus et al. 1983c; Vanderleley 1996). The mean nest depth (56.9 cm)
was also similar to other N depressus populations (Limpus et al. 1981; Vanderleley
1996). Nests that survived to hatch had approximately 94.7% emergence success.
This is a better mean emergence success than for N depressus at Crab Island (4889%; Limpus et al. 1983c) and Field Island (87.6%; Vanderleley, 1996). There must
be favourable conditions for embryonic development at Fog Bay, particularly
between June and August. Since emergence success of hatched nests was high, it is
not of concern for management at Fog Bay. Of greater concern was the number of
nests that failed to hatch (ie. the unaccounted for and predated nests).

38

Although lower than previous estimates (60%; Guinea 1994a), V. panoptes
still destroyed over half of the N depressus nests (51.9%) and both of the L. olivacea
nests at Fog Bay during this study, warranting some fonn of management.

3.4.3 Biotic Influences

Very little bacteria, fungus or insect infestation of eggs occurred and few hatchlings
died after emergence. Since infertility in N depressus populations is usually low
(Limpus 1971; Limpus et al. 1981; Limpus et al. 1983c), embryonic mortality from
biotic causes may directly affect the emergence success, thus low embryonic
mortality explains the high emergence success found in this study.

3.4.4 Environmental Influences

3.4.4.1 Temperature and Global Radiation

Unlike most other Australian sea turtle rookeries, which experience summer nesting
(Limpus 1971; Limpus et at. 1983b; Lirnpus et al. 1984b,c; Prince 1994b), nesting at
Fog Bay is restricted to winter, when nest depth temperatures are the lowest for the
year (Guinea and Ryan 1990; Guinea 1994a,b). Very few nests hatched between
September and November in this study. An explanation for the number of
unaccounted nests between September-November in both seasons maybe exposure
to lethal temperatures. Maximum temperatures above 34°C at 30 cm sand depth
were recorded during October in both seasons. Given that sea turtle eggs cannot
develop over 34°C (Limpus et al. 1983b; Packard and Packard 1988; Miller 1997), if
the top of the nests were at about 30 cm deep, as may occur in N depressus nests
(Vandereleley 1996), eggs at the top of the nest may not develop and they may
prevent hatchlings at the bottom ofthe nest from escaping. The temperature-limiting
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influence on sea turtle nesting success at Fog Bay could be uncovered by further
studies.
Mean incubation period was 53.2 days, which is within the range found for
other N. depressus populations (Cogger and Lindner 1969; Limpus 1971;
Vanderleley 1996). A negative correlation was found between nest temperature
(sand at 50 em depth) and incubation period, as would be expected (Kraemer and
Bell 1980; Miller 1982; Mrosovsky et al. 1995). Emergence success was
independent of incubation period, nest temperature and clutch size. Consequently,
placing nests in shaded locations or dividing nests would not yield a greater
emergence success.
Nest temperatures increased linearly with the level of global radiation,
although heat absorption through the sand at Fog Bay is slow thus there is a time lag
between the surface sand warming and the nest warming (Guinea 1994b). Tall, steep
dunes line the Fog Bay coastline and the sun rising from the east casts a shadow over
the dune base during most of the morning. Shadowing over the dune base may
decrease the influence of global radiation on nest warming (Mrosovsky et al. 1995)
and by laying their nests at the dune base, N. depressus may be avoiding or
minimising exposure to high temperatures at Fog Bay, thus regulating hatchling sex
ratio and temperature induced egg mortality, particularly early and late in the season.
Further investigation into the influence of shading on nesting success at this site is
warranted.

3.4.4.2 Tides and Erosion

Collapse ofthe dunes during the 1997-98 wet season made them steeper and more
inaccessible to nesting turtles (Chapter 2). Although this did not influence the
number of nests laid, it may have forced turtles to nest on the beach, off the dune,
potentially exposing nests to tidal inundation (Whitmore and Dutton 1985; Horrocks
and Scott 1991). On Beach 3, spring high tides regularly reached the dune base and
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the significantly lower emergence success on Beach 3 compared to Beach 4 may be
due to tidal inundation that was insufficient to destroy entire clutches but severe
enough that fewer eggs survived to hatch. Although tidal inundation may potentially
destroy many nests, predation was the principle cause of mortality on all beaches in
this study, however, and of principle concern for management. Beach erosion may
have long-term consequences on sea turtle nesting beaches (Limpus and Fleay 1983).
Global warming (Le Buff and Haverfield 1992) and human activities (Whitmore
1994) have the potential to increase erosion on nesting beaches and the impact of
these should henceforth be monitored at Fog Bay.

3.4.5 Sex Ratio of Hatchlings

Predicted sex ratios were female biased. Even if nest temperatures were constantly
at their lowest, the maximum number of male hatchlings that could be produced was
2314 in 1997 (of3675) and 1410 in 1998 (of2015). It is unlikely that there would
ever be 100% males produced. In 1998, there may have been less of a female bias
because nests were slightly cooler in the period March-May. The period JuneAugust appeared critical for the production of males. However, all hatchlings
examined were from this period and no males were found. Therefore, it appeared
that a low number of males emerge throughout the season. Female biased sex ratios
are found at many sea turtle rookeries, for example; Hawksbills at Buck Island
(Wibbels et al. 1999), Leatherbacks in Suriname (Godfrey et al. 1996) and Flatbacks
at Mon Repos (Limpus 1995a) and Kakadu (Vanderleley 1996), without there being
any known detrimental effects to the nesting popUlation. The minimum number of
males that can be produced without compromising future breeding popUlations
remains unknown. At Fog Bay, unless the predicted number of male hatchlings was
underestimated, either because the data failed to account for metabolic heating of
nests by incubating eggs (Godfreyet al. 1997) or there were spatial variations in nest
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temperatures (Godfrey and Mrosovsky 1999), the predicted sex ratio may support
future breeding populations, provided some males are constantly being produced. It
is recommended that nest temperatures at Fog Bay continue to be monitored to
predict the likely sex ratio of N. depressus (and L. olivacea) hatchlings to ensure
there is production of both sexes. Experiments determining the pivotal temperature
for N. depressus at Fog Bay will assist in producing more accurate predictions.

3.4.6 Conservation Implications

The decline of many N. depressus popUlations (Parmenter 1994) would warrant that
their rookeries be protected if the threat of predation is high. In this study, the level
of predation was high enough to warrant the implementation of some form of
management at Fog Bay. The most beneficial strategies would be covering nests
with wire screens and/or relocating eggs, since the removal of a native predator is
contradictory to wildlife management policies (Ratnaswamy et al. 1997). Several
hazards are involved in relocating eggs, including the risk of movement-induced
mortality (Limpus et al. 1979; Pannenter 1980) and the unpredictability of the
environment into which eggs are being relocated (Whitmore and Dutton 1985). This
strategy should only be used for protecting eggs placed in locations where they might
be considered "doomed" (Ratnaswamy et al. 1997). Eggs are considered "doomed"
due to the location of the nest, for example those laid below the spring high water
mark (Whitmore and Dutton 1985; Hays and Speakman 1991). These eggs should
be relocated to other areas of the beach, to a hatchery or to a laboratory (Stancyk et
al. 1980; Whitmore and Dutton 1985). The low hatching success of nests laid late in

the season and on Beach 3 suggest these nests could be considered "doomed" and
such strategies implemented. Covering nests with wire mesh screens appeared to be
an effective strategy for protecting nests not considered "doomed" as they prevented
goannas from raiding nests, had no influence on the emergence success of hatchlings

LI.?

and were relatively easy to implement.
At Fog Bay nest protection would only be of value at certain times of year
and in certain areas, for instance low nesting densities make finding nesting turtles
difficult and exhausting in the periods March-May and September-November and the
benefit of saving as few as 10-15 nests, over three months, would not outweigh the
costs involved. During the period June-August, nesting density is high and more
hatchlings of both sexes are produced. If 50% of the nests lost to predation in JuneAugust over the two years of.this study were protected about 70 extra nests could
have hatched, producing about 3500 more hatchlings. Based on a survivorship from
nest to maturity of one in 400 for N depressus (parmenter and Limpus 1995), this
could have produced nine future breeding adults per year, provided there is also
legislated protection of adults.
Eggs may be removed for aboriginal harvest without adversely effecting the
population at Fog Bay if harvested off Beach 3 any time, or any beach between
March-Mayandior September-November.
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TABLE 3.1. Criteria used to histologically identify the sex of N. depressus
hatchlings, derived from Miller and Limpus (1981).

REGION
GONADAL
RIDGE

PARAMESONEPHERIC
DUCT

FEMALE
Dense medulla
without tubules

INDETERMINATE
MALE
Dense Medulla without Tubular medulla
with tubules not in
tubules
contact with
epithelium
Cortex with columnar Cortex degenerated or Cortex degenerated
partially developed
epithelium
Gonadal "hook"
Gonadal "hook"
Gonadal "hook"
absent
present
present
Degenerated
Partially degenerated
Developed
Without a lumen
Without a lumen
with a lumen
or lumen nearly
closed
No inner epithelium
With/without inner
Inner epithelium
columnar epithelium
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TABLE 3.2. Summary of nests laid, lost to predation (Pred.), hatched and
unaccounted for (Unacc.) at each location.
Where LOC = location along the dune; DB = dune base; DS

=

dune slope; DC

=

dune crest. Table shows data from each season (1997 and 1998). Percentages are in
parenthesis.

YEAR

LOC.

Nests Laid

Nests Pred.

1997
1997
1997
1998
1998
1998

DB
DS
DC
DB
DS
DC

263
63
3
145
17
2

155(58.9)
36(57.1)
0(0)
64(44.1)
3(17.6)
0(0)

Hatched
Nests
55(20.9)
16(25.4)
2(66.7)
28(19.3)
13(76.5)
2(100)

Unacc. Nests
53(20.2)
11(17.5)
1(33.3)
53(36.6)
1(5.9)
0(0)
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TABLE 3.3. Summary of sea turtle nesting at the Fog Bay rookery for each three
month period during 1997 and 1998.
Showing total crawls and nests laid, predated, hatched and unaccounted for (B 1 ==
Beach 1; B2 = Beach 2; B3 = Beach 3; B4 = Beach 4).

Crawls:

Laid:

Lost to
Predation:
Hatched:

Unaccount
-ed for:

Mar-May
Jun-Aug
Sep-Nov
Mar-May
Jun-Aug
Sep-Nov
Mar-May
Jun-Aug
Sep-Nov
Mar-May
Jun-Aug
Sep-Nov
Mar-May
Jun-Aug

SeE-Nov

1997
B2
B1
0
23
46
3
2
22
0
21
42
3
1
16
15
0
7
0
7
0
4
0
35
0
0
3
2
0
3
0
1
6

B3
25
25
29
25
24
28
19
20
13
3
2
0
3
2
15

B4
22
104
54
22
100
51
14
68
28
0
24
2
8
8
21

1998
B1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

B2
17
45
13
13
36
9
4
9
1
8
20
0
1
7
8

B3
6
36
4
3
25
2
2
13
0
0
0
0
1
12
2

B4
21
66
8
15
57
4
9
28
1
5
10
0
1
19
3
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TABLE 3.4. Mean nest depths, clutch size and emergence success (overall and for
each year, beach and period; when measured) for N depressus at Fog Bay in 1997
and 1998.
Where B2 = Beach 2; B3

= Beach 3; B4 = Beach 4 and M-M =

March-May; J-A =

June-August; S-N = September to November. Standard deviations are in
parentheses.
N

OVERALL

1997:
1998:
B2:
B3:
B4:
M-M:
J-A:

S-N:

85
47
38
47
5
33
10
73
2

MEAN
NEST
DEPTH
56.9 (9.8)

MEAN
CLUTCH
SIZE
51.62 (8.64)
52.7 (7.24)
50.04 (10.23)
51.66 (9.68)
51.2 (14.93)
51.63 (3.52)
52.7
50.16
52.0

MEAN No.
EMERGED
48.89 (10.16)
50.3 (6.75)
46.85 (9.28)
47.85 (10.74)
45.94 (16.4)
50.11 (7.04)
50.27 (5.06)
47.01 (11.68)
50.5 (4.0)

MEAN
EMERGENCE
SUCCESS
94.71
95.45
93.63
92.62
89.72
97.07
95.38
93.73
97.01
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TABLE 3.5. Maximums, minimums and standard deviations for sand temperatures
at Fog Bay for the 1997 and 1998 nesting season.
Depths were 30 em (TS_30), 40 cm (TS_40) and 50 em (TS_50), chosen to represent
the top (30 em), middle (40 em) and bottom (50 em) of an average Natator depressus
nest.

1997
TS 30
TS 40
TS 50
1998
TS 30
TS 40
TS 50

N

Mean

Minimum

Maximum

Std. Dev.

13493
13493
9943

31.807
31.383
31.706

28.2
29.7
30.1

34.8
33.4
33.5

1.755
0.945
1.009

9772
8231
4027

30.793
30.719
31.201

28.2
29.4
29.8

34.8
33.2
33.5

1.591
0.849
0.888
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TABLE 3.6. A. The total number of hatchlings, which emerged on each beach, for
each period.
(B1

= Beach 1; B2 = Beach 2; B3 =

1997:
Mar-May
Jun.-Aug
Sep-Nov
1998:
Mar-May
Jun.-Aug
SeE-Nov

Beach 3; B4 = Beach 4)

B1

B2

B3

B4

0
0
0

201
1762
151

151
101
0

0
1208
101

0
0
0

375
937
0

0
0
0

234
469
0
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TABLE 3.6 B. Maximum and minimum nest temperatures (Tn) and the predicted
percentage of female hatchlings (%F) produced in each period.

1997:
Mar-May
Jun-Aug
Sep-Nov
1998:
Mar-May
Jun-Aug
Sep-Nov

Max

Min

Tn

Tn

%F

29.7
28.2
30.5

34.8
32.6
34.8

65-100
30-100
85-100

28.3
28.2
29.8

34.9
32.8
33.0

30-100
30-100
72-100
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FIGURE 3.1. The number of eggs classified infested (by bacteria, fungus etc.) in all
hatched sea turtle nests examined in the 1997 and 1998 nesting seasons.

(/

1-5

6-lO'

11-15

16-20

21-25

> 25

EGGS I7'lFESTED

51

FIGURE 3.2. Mean temperatures of air, sand at the surface, and 50 em depth

throughout the day at four times of year.
Where T_AIR = air temperature; TS_O = sand surface temperature and TS_50 =
sand temperature at 50 em and January, April, July and October represent the
non-nesting, early nesting, peak nesting and late nesting periods respectively.
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Regression equation:
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CHAPTER 4
INFLUENCE OF NEST SITE ON PREDATION

4. INFLUENCE OF NEST SITE ON PREDATION

4.1 INTRODUCTION

Chapter 3 examined the biotic and environmental factors influencing the
survivorship of N depressus nests at Fog Bay. Goannas (V panoptes) were the
principle predator of eggs laid in each year of the study. During this period, the
majority of nests were constructed at the dune base. The fate of nests had they not
been at the dune base has, however, not been investigated. The aims of this chapter
were to investigate the behaviour associated with nest site selection for N depressus
and the susceptibility of nests to predation by goannas at different heights on the
dune face.

4.1.1

Nest Site Selection by Sea Turtles

Once sea turtles enter the sea as hatchlings, they rarely come ashore. Apart from
adult green turtles of both sexes, which sometimes display aerial basking (Whittow
and Balasz 1982; Garnett et al. 1985; Green 1998; R. Prince, pers. comm.), females
emerge only to lay their eggs. Some nesting females may die from stress, exhaustion
or predation during nesting (Ehrenfeld 1989; Miller 1997).
Various descriptions have given bet\veen 7 and 11 arbitrary steps involved in
nesting, depending on the species of sea turtle (Hendrickson 1958; Bustard et al.
1975; Hendrickson 1982; Chan and Leiw 1989). Bustard et al. (1975) identified nine
stages of nesting in N depressus: coming ashore, selecting a course of crawl,
selecting a nesting site, excavating a body pit, digging the egg chamber, laying eggs,
filling in the nest, filling in the body pit, and returning to the sea.
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4.1.1.1 Coming Ashore and Crawl Selection

Natator depressus usually nest at night during the high tide (Bustard et al. 1975;
Limpus et al. 1981; Vanderleley 1996). However, daytime emergence has been
observed and may even be preferred at some rookeries (Bustard et al. 1975; Limpus
et al. 1981, 1983c, 1989). Daytime emergence places heat stress on nesting turtles
and may possibly alter nesting behaviour (Spotila and Standora 1985).
Nesting around the time of high tide may help N depressus over come
offshore obstacles such as mud banks (Vanderleley 1996). They can also use the
swell to enter the beach at this time thus emergence is often in the same direction as
the surfbreak. Turtles crawl up the beach slowly and arduously stopping frequently
for breath and orientation (Bustard et al. 1975). During the crawl, a turtle may
change direction several times as it orientates toward the area on the beach where it
wishes to nest (Bustard et al. 1975). Natator depressus crawl times have been
described as one of the shortest among sea turtles (Bustard et al. 1975; Miller 1997).
In this study I determined if N depressus crawl behaviour at Fog Bay has distinct

attributes compared to a population from Western Australia; as this, rather than the
grade of the dune slope, may be an explanation for their dune base nesting
preference.

4.1.1.2 Selecting a Nesting Site

At any time during the crawl a turtle may either select a nesting site or return to the
water (Chan and Leiw 1989). The cues used to initiate nesting are poorly understood
(Hendrickson 1982). Although body size influences the energetics of nesting
(Spotila and Standora 1985), the size of individual turtles does not appear to
influence the decision of where to nest (Eckert 1987). Encountering the berm-scarp
interval, or the appearance of vegetation on the dune have been proposed as possible
cues (Bustard 1972). However, this fails to explain why N depressus often continue
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to crawl further after encountering the dune bank or why they often nest in areas
devoid of vegetation (Bustard 1972; Bustard et al. 1975). Sand structure and depth
(Limpus 1978; Vanderleley 1996), elevation (Horrocks and Scott 1991) and sand
surface temperatures (Grant and Beasley 1996) have been implicated as other cues
influencing the choice of nesting site. A variety of these cues may influence the
decision of where N. depressus chooses to nest.
At Fog Bay N. depressus nests predominantly at the dune base, which is
uncharacteristic of N. depressus at other locations, where they generally nest high on
the primary dune, or beyond it if accessible (Limpus 1971; Bustard et al. 1975; Hope
and Smit 1998). It would appear that the dune topology (Chapter 2) forces most
nesting to occur at the dune base at Fog Bay. Nonetheless, it remains to be
quantified how far from the sea N depressus will nest, if able to crawl beyond the
primary dune.

4.1.1.3 Depositing Eggs and returning to Sea

Once the female turtle has selected her nesting site, she digs a body pit and an egg
chamber (Bustard 1972). Flatbacks have been known to abandon the construction of
a body pit or an egg chamber if disturbed, the egg chamber fills in, or obstacles
impede its construction (Bustard et al. 1975; Vanderleley 1996; Miller 1997). If the
egg chamber is dug successfully the eggs are deposited (Bustard 1972). Upon
depositing eggs, the nest is filled in and the female turtle returns to the sea. The cues
used by adult sea turtles to find the ocean are different from those used to find a nest
site, thus outcrawl time is expected to be independent of incrawI time (Ehrenfeld
1989). Natator depressus usually returns to the sea promptly, often taking two to 10

minutes from the completion of nesting (Bustard et al. 1975). If the nesting was
abandoned, the turtle may make more attempts to nest, further along the beach or
later that night, or on subsequent nights (Bustard et al. 1975; Vanderleley 1996;
Miller 1997).
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4.1.2 Influence of Nesting Site on Egg Predation

As on many Australasian rookeries (Limpus et al. 1983a; Sivasunder and Prasad
1996; Vanderleley 1996), varanids are the main predator of sea turtle nests at Fog
Bay (Guinea 1994a; Blamires and Guinea 1998). Predation rates at some rookeries
maybe high, for example, Vanderleley (1996) found varanids raided 70% of all nests
at Field Island in 1993-94 and 52% of nests were raided at Fog Bay in 1997-98
(Chapter 3). These rates suggest nest protection may be warranted. Nesting at the
dune base has often been associated with an increased threat of nest predation by
varanids (Limpus et at. 1983a; Sivasunder and Prasad 1996), however this remains to
be quantified at Fog Bay (Blamires and Guinea 1998).

4.1.3 Deterrents to Predators

Predators may be deterred by relocating eggs to safe areas or by the use of nest
enclosures, chemical deterrents or constructing barriers (Ratnaswamy et al. 1997). It
was recommended in Chapter 3 that in some circumstances nests should be relocated
at Fog Bay. Relocating nests to other areas ofthe beach (e.g. from the dune base to
the dune crest) may be viable when predators rely on the smell of fresh nests to
locate eggs (Stancyk et al. 1980; Ratnaswamy et at. 1997). However, if the predator
is able to visually locate nests the eggs will need to be relocated to a hatchery or
incubated in the laboratory (Dutton et at. 1985; Ratnaswamy et al. 1997).
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4.2 METHODS

4.2.1 Nest Site Selection by Natator depressus

4.2.1.1 Study Sites

I made observations of nest site selection at two sites: the Fog Bay site and
Mundabullangana (11804° 'E: 20 31' S), approximately 60 km southwest of Port
Hedland, Western Australia (Figure 4.1). I monitored the Fog Bay site as outlined in
Chapter 2. There is only one large, steep dune across most of the nesting area at Fog
Bay (Chapter 2). The maximum spring high tide range at Fog Bay is approximately
8 m and approximately 7 m at Mundabullangana.
Observations at the MundabuUangana site were made between December 7
and December 20 1998. The beach at the Mundabullangana site faces northwest
(approximately 330°). The dunes are at a similar distance from the water as at Fog
Bay. On the main nesting beach at Mundabullangana, there is a small primary dune,
backed by an often larger and steeper secondary dune up to 20 m distant. An
offshore reef flat was exposed when the tide was under approximately 3 m. The
beaches experience dense N. depressus nesting during summer (DecemberFebruaury) (prince 1994a).

4.2.1.2 Emergence and Crawl Selection

I noted the time of emergence for all turtles observed nesting at both sites. Crawl
characteristics were measured from tracks in the sand made by emerging turtles at
both sites. Only tracks that were made the previous night (as detennined in Chapter
3), were measured. The direction from the point of entry (the previous night's high
water mark) to the body pit was determined by compass (Silva; Type 3, Sweden) and
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the mean directions were detennined by statistics of circular distribution (Zar 1984).
All changes in crawl direction were recorded. The mean distance crawled was
measured at each location from the high water mark to the location ofthe body pit
(the incrawl), by tape measure (100 m), to the nearest 0.1 m.

4.2.1.3 Nesting Site Selection

\\!hether, or not, nesting occurred was noted (determined as outlined in Chapter 2).
\\!hen a turtle failed to dig a body pit, the distance of the track from emergence to
returning to sea was measured. For tracks with body pits but no nest, the distance of
each crawl between the body pits was measured. Any probable disturbance during
body pitting was noted.
To determine if the size of the nesting turtles influenced where they chose to
nest, I measured the curved-carapace length (CCL) of all turtles encountered nesting
at Fog Bay and Mundabullangana with a flexible, fibreglass tape measure to the
nearest 0.5 cm. For all turtles encountered at Mundabullangana, the nest location
was classified as at the base of the primary dune, on the primary dune or on the
secondary dune. Mean eCL of turtles, nesting at the base of the primary dune were
compared with those nesting on the crest of the primary dune by an unpaired t-test.
The mean CCL of turtles nesting on the primary dune were pooled and compared
with mean CCL of turtles nesting on the secondary dune, using an unpaired t-test

4.2.1.4 Returning to the Sea

The distance and number of direction changes each nesting turtle took to head out to
sea (outcrawl) was measured, as described for the incrawL To determine if changing
direction was a characteristic of incraw I and outcrawl, or was only a characteristic of
incrawl, in order to choose a nesting site, a correlation coefficient was calculated
between the number of direction changes of during incrawl and the number of
60

direction changes of during outcrawl. To determine if crawl behaviours were similar
at both sites, a one-way, repeated measures, ANOVA (Underwood 1997) was
calculated to determine if there were differences in the number of direction changes
during incrawl and outcrawl between the two sites.

4.2.2 Influence of Turtle Nesting Site on Predation

Once I established what causes N. depressus to nest along the dune base at Fog Bay,
it remained to be quantified if nesting at the dune base makes their nests more
vulnerable to goanna predation. I did this by making observations of predation on
natural nests and determining the ability of V. panoptes to locate buried eggs at the
dune base and dune crest as outlined below.

4.2.2.1 Predation

I measured the predation rate as the percentage of nests lost to goanna predation, at
each of the nesting locations (dune base slope and crest; Chapter 3). A MannWhitney U-test was used to detennine whether nesting site (dune base versus dune
slope) influenced predation rate. Too few nests were laid on the dune crest for
analysis.

4.2.2.2 Nest Location by Goannas

In order to assess the egg finding ability of V. panoptes I buried groups of 10 eggs of

the domestic fowl at different localities at 30 cm depth, at the dune base and crest.
The experiment was done early in the nesting season (March-April), when it was
assumed goannas would be searching for eggs, but the number of natural sea turtle
nests would not influence the experiment. I chose four sites for the experiment, one
on each beach. Two of the sites (Beach 1, sector 9 and Beach 2, sector 2) were in
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non-nesting areas while the other two (Beach 3, sector 8 and Beach 4, sector 5), were
in nesting areas.
I marked each plot with a numbered survey flag with the wire embedded in
the ground so only the flag was visible. There were three experimental treatments: a
hole dug to 30 em with 10 eggs placed in it and refilled (treatment 1: "eggs"), a hole
dug to 30 cm and refilled (treatment 2: "no eggs") and no hole dug (treatment 3: "flag
only"). Three replicates were done for each treatment, at each site, on the dune crest
and at the dune base for a total of 72 plots.
A four-way nested ANOVA was calculated to determine if the location of
nest site influenced predation, with the factors being: beach (four levels: beach 1,2,3
and 4), beach type (two levels: nesting and non-nesting), location(two levels: dune
base and dune crest) and treatment (three levels: eggs, no eggs and flag only).
Predation was scored 1 (predation) or 0 (no predation). Beach was nested within
beach type (beach 1 and 2 within non-nesting and beach 3 and 4 within nesting). A
Tukey's HSD test was done to determine which set of means differed and the
variables causing them to differ.

4.3 RESULTS

4.3.1 Nest Site Selection by Natator depressus

4.3.1.1 Emergence and Crawl Selection

All N depressus nesting observed at Fog Bay occurred between 2100 h and 0600 h,
close to the high tide, although one turtle unsuccessfully attempted to nest south of
Beach 1 at approximately 0800 h on July 20 1997 (M. Guinea pers. comm.).
At Mundabullangana 241 Flatbacks were observed nesting over the 14 nights
of observations. Emergence times were between 1555 hand 0605 h. All
emergences occurred 3.5 h either side of the high tide, presumably this was when
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flooding of the reef flat enabled turtles access to the beach. Fifty-four turtles were
observed nesting during the afternoon (1555 h to 1900 h), on falling tides betw'een
December 8 and December 121998. No turtles nested on a morning tide later than
0605 h.
Twenty-eight tracks at Fog Bay and 12 at Mundabullangana were measured.
Of these, 18 at Fog Bay (six each in March-May, June-August and SeptemberNovember) and eight at Mundabullangana were successful nests. The mean crawl
direction of tracks at Fog Bay was 102°, a 12° deviation from straight up the beach,
probably influenced by the direction of the surf, since it would be used to assist
emergence. At Mundabullangana, the mean crawl direction was 153°, a deviation of
3° from straight up the beach and probably also influenced by the direction of the
surf, since nesting was also associated with the high tide and the surf would have
been used to assist emergence. The mean distance crawled before body pitting was
25.2 m (SD = 18.6; N = 23) at Fog Bay and 24.7 m (SD = 11.2; N = 9) at
Mundabullangana. Mean distance of tracks (incrawl + outcrawl) where no body
pitting occurred was 71.2 m (SD = 31.9; N = 5; range = 18.9-97.4 m) at Fog Bay and
38.4 m (SD = 5.0; N = 3; range = 36.0-44.2 m) at Mundabullangana. At Fog Bay
each track had a mean of3.8 (SD = 2.6; range = 1-8) direction changes before body
pitting. At Mundabullangana each track had a mean of 4.9 (SD = 1.6; range = 1-10)
direction changes before body pitting. Twenty-tw'o (84.6%) ofthe 26 tracks
measured at either site changed direction less than five times before body pitting.
One turtle track at Mundabullangana changed direction 10 times.

4.3.1.2 Nesting Site Selection

At Fog Bay, the mean number of body pits per nest was 1.1, with 16 nests requiring
one body pit and tw'o nesting on the second attempt. Two turtles attempted to climb
the dune before making a body pit. All the observed nests were at the dune base.
Five turtles, which did not nest, attempted betw'een one and four body pits before
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returning to sea and five others returned to sea without attempting a body pit. Two
turtles that dug a body pit had also dug egg chambers, one after its first and only
body pit, the other after its fourth body pit.
At MlUldabullangana the mean number of body pits per nest was 1.4, with six
nesting in the first body pit, one nested on the second attempt, and one nested on the
third. Seven of the observed nests were on the primary dune and one on the
secondary dune. No evidence of any attempts to excavate an egg chamber was
fOlUld. Body pit construction appeared to be abandoned because of loose sand on all
occasions at both Fog Bay and Mundabullangana.
Carapace lengths of N depressus at Fog Bay were similar (mean eeL = 89.3
cm; SD = 2.1 cm; N = 13) to those at Mundabullangana (mean eCL of 88.7 cm; SD

= 2.6 cm; N = 241).

All the turtles encountered at Fog Bay nested at the dune base.

At Mundabullangana, 61 turtles nested at the base of the primary dlUle, 124 nested on
the crest of the primary dune and 56 nested on the secondary dune. There was no
significant size difference between turtles which nested at the base of the primary
dune and those that nested on the crest ofthe primary dune (t = -1.36; df= 60; P =
0.179). There was also no significant size difference between turtles that nested on
the primary dune and those that nested on the secondary dune (t = -1.09; df= 55; P =
0.281).

4.3.1.3 Returning to the Sea

The mean distance travelled in returning to the water was similar to the distance
traveled to nest at Fog Bay (25.4 m; SD = 7.3) and at Mudabullangana (25.1 m; SD =
9.3). The mean number of direction changes made on outcrawl was 2.9 (range = 1-4)
at Fog Bay and 4.1 (range = 3-6) at Mundabullangana. No correlation was found
between the number of direction changes on incraw1s and outcrawls (r = 0.148; df=
24; P = 0.471). No data transformations were necessary for the repeated measures
ANOVA (Cochran's C-test; Incrawl: e

= 0.381; df=2; P = 0.945; Outcrawl: e

=
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0.387; df= 2; P = 0.933), which found no significant difference in the number of
direction changes during crawls between sites (F = 4.325, df= 1,24; P = 0.081).

4.3.2 Implications of Nest Site on Egg Predation

4.3.2.1 Predation Rates

At Fog Bay, the number of nests lost to predation increased at all locations on the
dune throughout the season but were offset by increased nesting (Figure 4.2). There
was a slightly higher mean predation rate per beach on the dune base (51.7%) than
the dune slope (37.8%; Figure 4.3). Accordingly, there may some temporal
variations in the relationship between predation and nest location, however there was
no statistically significant difference, overall, in predation rate of nests on the dune
base and dune slope (Mann-WhitneyU = 216.00; Z adjusted;::: 1.542; P = 0.123).
However, no nests on the dune crest suffered predation during this study.

4.3.2.2 Nest Location by V panoptes

Table 4.1 shows: ofthe 18 false nests placed on each beach, three were raided on
beach 1, two on beach 2, six on beach 3 and four on beach 4. Of the 36 false nests
placed on the dune crest, 11 were raided, while only four at the dune base were
raided. Eight of the 24 "egg" treatments were raided, seven of the 24 "no egg"
treatments were raided and none of the 24 "flag only" treatments were raided.
No transformations were made for the four-way nested ANOVA (Chochran's
C test; C;::: 4.765, P = 0.057) which found significantly greater predation offalse
nests on the dune crest than the dune base (F = 7.0; df= 1,48; P = 0.011; Table 4.1).
There were also significant differences among treatments (F;::: 8.143; df= 2,48; P <
0.001; Table 4.1), beach and location (F = 10.429; df= 2,48; P < 0.001; Table 4.2)
and beach, location and treatments (F = 4.0; df= 4,48; P = 0.007; Table 4.2).
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Tukey's HSD test showed that except for the "no egg" treatment at the dune base of
the non-nesting beaches, all ofthe "no egg" treatments had significantly greater
predation than an "flag only" treatments (all P = 0.025).

4.4 DISCUSSION

4.4.1 Nest Site Selection Behaviour

Natator depressus nested predominantly along the dune base at Fog Bay, while at
Mundabullangana, and several other rookeries (Limpus 1971; Bustard et al. 1975;
Hope and Smit 1998), th~y often nest on, or beyond, the dune crest. Even though
nesting site selection differed between Fog Bay and Mundabullangana, nesting was
close to the high tide at both sites. Emergence was always at night at Fog Bay but it
was as early as 1555 h at Mundabullangana, however no influence on nesting
behaviour according to emergence time could be implied. Natator depressus at both
sites changed direction 3-5 times on incrawl agreeing with Bustard et ai. (1975),
describing N depressus as fast and direct in their crawl up the beach. There were
fewer (2-4) direction changes on outcrawl than incrawl and these were independent
of the number of direction changes during incrawl at both sites, suggesting that once
nested, N depressus returns to the sea more promptly than they crawl up the beach,
probably by orientating toward light reflecting off the ocean (Ehrenfeld 1989). The
size of the nesting turtle did not affect its choice of nesting site. Since all crawl
attributes are similar at Fog Bay and Mundabullangana, it seems most likely that the
steepness of the dunes forced nesting along the dune base at Fog Bay.
At Mundabullangana 73% of nesting was beyond the primary dune face,
unlike at Fog Bay where over 80 % of nests were at the dune base (Chapter 3).
Varanids raided over half of all nests at Fog Bay during the study period (Chapter 3).
Varanid predation of N depressus nests rarely occurs at Mundabullangana (prince
1994a). There may be varanids inhabiting the area around the Mundabullangana
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rookery but sea turtle eggs are not targeted as a food source as the nests may be
difficult to find. If this is the case, may be possible that relocating eggs to the dune
crest is a viable management strategy to prevent V. panoptes raiding nests at Fog
Bay.

4.4.2 Implication of Nest Site on Egg Predation

The number of nests raided by goannas varied throughout both seasons in accordance
to the density of nesting at Fog Bay. There to was no statistically significant
difference in the rate of predation on the dune base or dune slope. Low nesting
numbers on the dune slope however, meant few nests needed to be raided to
influence the proportion of nests lost to predation. Predation on the dune crest could
not be quantified because few nests were laid there.
The experiments with hens eggs that found V. panoptes raided more false
nests on the dune crest than at the dune base, probably because V. panoptes traverses
the dune to access the beach and these nests were encountered as they crossed the
dune crest. This implied that if nests were located on the dune crest they would be
more susceptible to predation. There was no significant difference in predation rates
between the "no egg" treatment and the "egg" treatment. No "flag only" treatments
were predated. This implied that disturbed sand must act as a cue for V. panoptes to
locate nests. Pianka (1968) reported V. eremius actively searches freshly disturbed
sand, suggesting the ability to locate buried prey using sand disturbances as a cue
may be common among varanids. A sea turtle, once nested, flicks sand for several
minutes over the nest, creating a large, wide sand mound, thus the exact position of
the eggs is not easily located visually (Bustard 1972). Chemoreception is a strong
sense in many varanids (Stamps 1977) and it is possible V. panoptes uses
chemoreception, and to some extent, vision for locating sea turtle eggs.
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4.4.3 Deterring Varanids at Fog Bay

Techniques, such as nest relocation and chemical deterrents, have been used
effectively to protect sea turtle nests from predation by raccoons (Stancyk et al.
1980; Ratnaswamy et al. 1997). These maybe ineffective at preventing the go anna
V panoptes at Fog Bay if they use vision to locate sand disturbances. The usefulness

of chemicals to deter V. panoptes at Fog Bay requires investigation. Smoothing over
nests (Hamilton and Standora 1994) may not be effective if chemoreception is also
used to locate nests. Wire screens have been effectively used to deter predators at
many rookeries (Wyneken et al. 1988; Margaritoulis et al. 1996; Ratnaswamy et al.
1997). Wire screens did not influence hatchling emergence success at Fog Bay
(Chapter 3) and this, therefore, may be an effective strategy to deter goannas from
raiding nests between June and August at this rookery. When relocation is necessary
(e.g. for clutches layed on Beach 3 or below the high water mark; Chapter 3) the
eggs should be taken to a hatchery, or a laboratory, rather than relocated to the dune
crest.
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TABLE 4.1. Numbers of false nests raided by goannas in hens-egg experiment.
Treatments were "Egg", "No Egg" and "Flag Only" according to beach (1,2,3 or 4),
beach type (N = nesting; NN = non-nesting) and location (DC

= dune crest; DB =

dune base).

TREATMENT
Beach

NESTING:

Flag Only

No Egg

DC

DB

DC

DB

DC

DB

1

2

0

1

0

0

0

2

0

1

1

0

0

0

3

3

0

3

0

0

0

4

0

0

1

1

0

0

NONNESTING:

Egg
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TABLE 4.2. Results of a four-factor, nested ANOVA for predation experiment.
All F and P values are shown for all significant variables. DF = the degrees of
freedom. NS = not significant. Beach was nested within beach type.

Effect

DF

F

P

beach

2,48

0.715

NS

beach type

1,48

3.571

NS

location

1,48

7.0

0.011

treatment

2,48

8.143

<0.001

beach x location

2,48

10.428

<0.001

beach type x location

1,48

0.143

NS

beach x treatment

4,48

0.286

NS

beach type x treatment

2,48

1.0

NS

beach x location x treatment

4,48

4.0

0.007

beach type x location x treatment

2,48

0.143

NS
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FIGURE 4.1. Location ofthe Mundabullangana rookery.
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FIGURE 4.2. Total nests layed and gross predation at Fog Bay for the1997 and 1998
nesting seasons.
For the periods: Mar-May, June-Aug and Sep-Nov and the locations: dune base
(DB), dune slope (DS) and dune crest (DC).
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FIGURE 4.3. Mean predation rates for clutches layed on the dune base, dune
slope and dune crest for each beach at Fog Bay during each period.
Error bars show ± 1 SD.

50

40

--"
~

'-'

Z

30

~
~

20

--<
0
Eo-

~

1

T

1

T

~

10

o

,...,
DUNE BASE

DUNE SLOPE

DUNE CREST

LOCATION

73

CHAPTER 5

INFLUENCE OF SEA TURTLE NESTING ON GOANNA
ACTIVITY AREAS AND DIET

5. INFLUENCE OF SEA TURTLE NESTING ON GOANNA
ACTIVITY AREAS AND DIET

5.1 INTRODUCTION

Chapters 3 and 4 discussed survivorship of sea turtle nests and the implications for
future management strategies for the Fog Bay rookery. In Chapter 3, I found
predation by goannas accounted for 52% of nests, warranting some form of
management at Fog Bay. In Chapter 4, I found that predation did not vary according
to where on the dune nests were laid and relocating eggs from the dune base to the
dune crest was not a viable management strategy, as this may make the eggs more
susceptible to goanna predation. It was suggested that the most useful strategy
would be to protect nests with wire mesh screens and, in certain cases, relocating
eggs to a hatchery or laboratory. It, however, remains to be determined how these
strategies will affect V. panoptes. Carr (1968) speculated that many predators
migrate to sea turtle nesting beaches from far inland in order to feed on sea turtle
eggs. It remains to be determined if V. panoptes moves long distances to the nesting
beaches at Fog Bay specifically to feed on sea turtle eggs. In order to investigate
this, I measured the activity areas of V. panoptes throughout the sea turtle nesting
season to determine if changes in activity area size coincided with changes in sea
turtle nesting density. I also examined the scat material of V. panoptes to detennine
their seasonal diets and feeding habitats. This chapter reports the results of these
investigations.

5.1.1 Home Range

The home range of animals can be defined as the total area traversed during its
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activities of food gathering, mating and caring for its young (Burt 1943). To
determine home range according to this definition, however, requires sighting, or
capturing, an animal in all areas it might occupy (Anderson 1982). Since home
range estimates increase in proportion to sampling time (Anderson 1982; Gautestad
and Mysterud 1995), an estimate of home range requires a large sample size and
considerable time and effort. Several methods have been proposed to estimate home
ranges from smaller samples, usually by creating polygons (Southwood 1966),
matrices (Jennerich and Turner 1969) or ellipses (Jennerich and Turner 1969; Samuel
and Garton 1985) around capture/sighting points. The occasional sighting of an
animal a substantial distance away from the area it normally occupies; or outlier, if
incorporated into the estimates of home range may result in a significant
overestimates of home range (White and Garrott 1990). Methods have been devised
to minimise the effect of these outliers on the calculation of home range size. These
include taking a percentage ofthe estimated area (usually 95%) to represent home
range (Jennerich and Turner 1969; Seaman and Powell 1996). Alternatively, in a
weighed analysis, where outlying points are assigned less weight than those closer to
the centroid ofthe area frequented, the mean of the weights is used to estimate the
home range area (Samuel and Garton 1985).
Lizard home ranges often vary with season, reproductive state, sex, food
abundance and foraging mode (Rose 1982; Christian and Waldschmidt 1984). Most
varanids have a carnivorous diet, large body size and forage widely, making home
range difficult to measure accurately over short periods of time (Thompson 1994).
Thus, most researchers measure a portion of the home range, the activity area, which
represents the total area where a varanid is likely to be seen during a certain period
(Thompson 1994; Thompson et al. 1999).
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5.1.2 Activity Area

Dixon and Chapman (1980) defined activity area as the region within the home range
occupied with the greatest frequency. Others have also called such an area the
arithmetic mean centre of activity 0' an Winkle et al. 1973) or the core area
(Christian et al. 1986). Varanids activity areas vary in size, from 0-2 ha for the
arboreal Varanus olivaceus (Auffenberg 1988) to over 400 ha for the large V.
komodoensis (Auffenberg 1981), comprise a core area and foraging area and may be

indistinguishable from home range in long-term studies (Auffenberg 1981, 1988).
Males generally occupy a larger area than females, particularly during courtship
(Auffenberg 1988; Thompson et al. 1999). Other influences on activity area size
include individuals' size (related to age andlor sex; Christian and Waldschmidt
1984), food availability, (Auffenberg et al. 1991; Phillips 1995), rainfall (Auffenberg
et al. 1991), hours of sunlight (Thompson 1992) and water turnover (Green and King

1978). Accordingly V. panoptes at Fog Bay probably alters its activity area
throughout the year, as the reproductive period is during the dry season (April to
September; Blamires 1999; Appendix 1) and in the wet season, changes in rainfall,
humidity and hours of sunlight may influence activity area size.

5.1.3 Subsets of Varanus Activity Areas

Varanids may partition their activity area into core, foraging and other areas. These
areas may overlap or be distinct areas (Auffenberg 1981; Thompson 1994;
Thompson et al. 1999).

5.1.3.1 Core Area

For varanids core area is a subset of activity area, calculated as the portion of area
most frequently occupied, comprising at least 50% of all sightings/captures
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(Auffenberg 1981, 1988). The core area may also be identified as an area where
there is a high scat andlor burrow abundance (Auffenberg 1981; Thompson 1994).

5.1.3.2 Foraging Areas

While the core area may be relatively confined, a varanids foraging area may be
large and may overlap the core area (and other areas). The size of the foraging area
may have a large influence on the size of the activity area (Auffenberg 1981, 1988).
Distances in excess of one kilometre per day may be covered by some large species
ofvaranid while foraging (King 1977; Auffenberg 1981; Pianka 1994). Since the
caloric return from prey consumed dictates the foraging time (Charnov et al. 1976),
abundance of prey would result in increased foraging, which may increase the area
searched and, possibly, activity area size. This implies that if V. panoptes at Fog Bay
were utilising an area, in this case the beach, specifically for searching for sea turtle
eggs, their activity area size should change with changing sea turtle nesting density.

5.1.3.3 Other Uses of Activity Area

Auffenberg (1981) reported V. komodoensis occupied a scavenging area, an
extension of the foraging area, but its use is not restricted to feeding. Some varanids
utilise particular thermoregulation areas, which may be distant from the core area and
influences the size of the activity area (Auffenberg 1981; Auffenberg 1988). Some
arboreal varanids may occupy particular roost sites, to which they may travel large
distances (Thompson et al. 1999). Male varanids may travel extended distances to
obtain mates during the breeding season utilising areas not normally occupied
(Phillips 1995; Thompson et al. 1999). Females of some species have been
implicated to migrate to certain areas to oviposit their eggs in termitaria, returning at
some time, post hatching, to attend to hatchlings (Carter 1994). The use of these
areas may cause increases in the activity area measured.
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To determine the influence of sea turtle nesting on V. panoptes activity area
use and size and seasonal diet, I measured activity areas and identified the habitats
occupied for V. panoptes at Fog Bay using radio tracking and scat analysis. I made
inferences about the likely core area from the radio tracking points and foraging
areas and diet from the scat analyses. Identifying areas of high scat and burrow
abundance helped make inferences about the core areas of V. panoptes not tracked.

5.2 METHODS

5.2.1 Radio Tracking

In this study, I used radio tracking to determine movements of individual varanids.

Rather than plotting locations on map grids (Auffenberg et al. 1991), I plotted
locations onto georeferenced aerial photographs (Chapter 2) and estimated activity
areas using Arcview GIS software.

5.2.1.1 Capture and Radio Tagging of Animals

Five goannas were captured, measured and weighed (see Chapter 2). Each goanna
was sexed by doubling and squeezing the tail base to evert the hemipenis of males or
examining the thickness and scales at the tail base (Auffenberg et al. 1991). I fitted a
2-stage radio transmitter (TX2-ICP-l; Biotel, Adelaide) to the base of each lizard's
tail using linen adhesive tape (3M). Each transmitter was 15 cm in length, weighed
approximately 24 g and had approximately eight months of battery life.

5.2.1.2 Locating Goannas

I attempted to locate each goanna once per day on each trip, using a Biotel RX3 radio
receiver connected to a 2EY two-element direction antenna. The location of each
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goanna was detennined by homing in on the pulse sound emitted by the transmitter
(Brander and Cochran 1971). On occasions, tracked goannas were able to detect my
presence and moved away as I searched for a fix. On such occasions, triangulation
(Brander and Cochran, 1971) was used to determine a likely area of occupation
based on compass bearings in the direction of maximum signal strength at first
encounter. Three directions were taken from sector markers at an angle of at least
30° from the goannas likely location. Error polygons were applied to account for
signal reflection (Garrott et al. 1986). Ifunable to obtain a fix after 3 h searching I
abandoned attempting to locate the goanna in question. If continually unable to
locate an individual, tracking was ceased and the animal was recaptured (if possible)
to examine the transmitter.
Four habitats were recognised from the aerial photographs of the study site:
beach, dune/grassland, mangroves and salt flats. A georeferenced map ofthe area
was obtained, onto wr.J.ch polygons representing the habitats were created (Figure
5.1). The beach, sector and habitat of each location point (fix) were recorded.

5.2.1.3 Measuring Activity Area

The locations of fixes were added as numbered "point themes" to the spatial database
described in Chapter 2. Activity areas were plotted by creating minimum. convex
polygons (Southwood 1966) around all fixes and calculated using Arcview GIS
spatial analysis (Kennedy 1996). Varanus panoptes was never observed swimming
in the creek or the ocean and tracks did not indicate they crossed the creek, therefore,
if the activity area estimates were derived from polygons containing portions of
creek or ocean the amount of area these portions occupied was subtracted from
activity area estimates.
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5.2.1.4 Influences on Activity Area

I used two-way ANCOVA to determine ifvaranid activity area varied in accordance
to sea turtle nesting seasonality or was related to courtship or other factors.
ANCOVA was done for activity area with body mass as the co-variable to correct for
the size effect on activity area (Thompson et al. 1999). The factors 1) sex (two
levels: male and female) and 2) period (three levels: "early nesting"; from MarchMay, "peak-nesting"; from June-August and "late nesting"; from SeptemberNovember) were used for analyses. There were an inadequate number of fixes made
during the non-nesting period (December-February) for analyses.
The period of tracking encompassed the breeding season for V panoptes at
Fog Bay (Blamires 1999; Appendix 1). Unless females move large distances to
oviposit eggs, the size of male activity areas are expected to increase at this time but
the size of female activity areas are not (Auffenberg 1988; Thompson et al. 1999),
thus differences in activity area size between sexes (ie. males> females) would be
assumed due to courtship. Periodic changes in activity area size, of either sex, were
assumed to be associated with influences other than reproduction. If periodic
changes in activity area coincided with periodic changes in sea turtle nesting density,
it may be assumed that the size of V. panoptes' activity area is influenced by sea
turtle nesting at Fog Bay.

5.2.1.5 Measuring Core Habitat

Any habitat having at least 50% of all fixes within it was assumed to represent the
core habitat for each tracked go anna and its area (the core area) was calculated as the
amount of area, within a goannas activity area, it covers. Scat and burrow abundance
(determined in Chapter 2) was also used as an indicator of core habitats for the V.

panoptes population.
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5.2.2 Scat Analysis

5.2.2.1 Detennining Foraging Areas and Diet

To detennine if V. panoptes changed their feeding habitats in response to the sea
turtle nesting season, I collected all goanna scats encountered throughout the study
period (Chapter 2). All scats were placed in an air-sealed plastic bag, on which the
beach, sector and date were recorded. Each month the contents of the scats were
sorted into the prey types: insect, crustacean, fish, reptile, mammal, bird, turtle egg,
bird egg, sand, soil, plant and others. Encounter rates were detennined as the
number of scats each prey type appeared in per month.
To obtain dry weights of prey and identify them to the lowest possible
taxonomic level so the habitats theY,were most likely encountered in could be
identified, the scats were soaked in 70% alcohol for 24 h, rinsed through a sieve (150
m; Endicott, London) and dried in an oven (l05°C) for seven days. Dried prey was
weighed on an electronic balance (Type 1507, Sartorius, Gottingen, Germany),
identified to the lowest taxonomic level from bone and scale (reptiles and fish)
remains using museum specimens as keys and grouped according to their most likely
habitat of occurrence: beach, dune/grassland, mangroves or salt flats. Prey types
assumed encountered on the beach include sea turtle eggs, ghost crabs, fish and water
rats (Hydromys chirogaster). Prey from the mangroves would include mudskippers

(Periopthalmus spp.), fiddler crabs (Uca spp.), seasarmids (Searsama spp.) and
Homolopsin snakes (Macnae 1968). Prey from the salt flats would include the fidler
crabs Uca elegans and Uca signata (Nobbs and McGuiness 1999). All other prey
(including most insects, mammals and reptiles) were assumed encountered in the
grasslands. Dry weights of identified prey were used as an indicator of the amount
of consumption of each prey.
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5.2.3 Visual Observations

The date, location and behaviour of all non-tracked V. panoptes observed at Fog Bay
were recorded. Scat, burrow and track counts, made in Chapter 2, were also used to
identify activities of non-tracked individuals. Regression analyses were done
between V. panoptes burrows on the beach and Merops ornatus burrows on the
beach (measured in Chapter 2) and V. panoptes tracks, scats and tracks combined (to
give a "goanna activity index") behind the dunes and grasshopper densities behind
the dunes (measured in Chapter 2) to detennine if M ornatus and/or grasshopper
activities influenced V. panoptes activities.

5.3 RESULTS

5.3.1 Goanna Activity Areas

Table 5.1 sumrnarises the size, sex, period of tracking, fixes taken and the eventual
fate of each V. panoptes radio tracked. Activity areas of males (3 and 5) were 62.22
ha and 92.21 ha (mean = 77.22 ha). Activity areas offemales (1, 2 and 4) were 38.04
ha, 31.47 ha and 28.67 ha (mean = 32.73 ha). Mangrove was the dominant habitat
type in all of the

v. panoptes activity areas, constituting 56-64 % of the activity areas

(Table 5.2).
ANCOVAs were conducted after ensuring the slopes were homogeneous (all
P < 0.05). All data were 10glO transformed prior to analysis (as Chochran's test was
significant for activity area: C = 0.74; P < 0.001, and mass: C = 5.773; P < 0.001).
Sex affected the activity area size (ANCOVA: F = 14.77; df= 1,17; P = 0.001) but
period did not (ANCOVA: F = 0.239; df= 1,17; P = 0.79) (Table 5.3).
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5.3.1.1 Core Habitats

For all V panoptes radio-tracked, more than 70% of fixes were in the grassland/dune
habitat (Table 5.4) and the majority of scats (56%) were found among the dunes,
indicating that these areas were frequently occupied by all V. panoptes thus this
habitat was assumed to constitute the core habitat and the amount of area it covered
within activity areas was assumed the core area. Core areas thus covered between 9
and 28 ha, constituting between 29 and 40 % of the activity area. Mean core areas of
males (24.89 ha) were larger than mean core areas of females (11.42 ha).

5.3.2 Scat Analysis

5.3.2.1 Foraging Areas and Diet

Prey items identified from the 212 scats sampled are listed in Table 5.5. The five
major prey types encountered were insects, crustaceans, sea turtle eggs, small reptiles
and mammals. Although many birds inhabit the area, there was little evidence to
suggest birds or bird eggs were being consumed by V panoptes.
Encounter rates (Figure 5.2) show that most encounters of the major prey
types occurred between June and August in both years. Dry weights of prey (Figure
5.3) show there was a low consumption of all major prey types throughout the year
with a peak in consumption of sea turtle eggs in July-August and October in 1997
and 1998.
Of 1093 g of dry matter, 555 g (50.8%) were prey items most likely
encountered on the beach and 538 g (49.2 %) were items most likely encountered in
the dune/grassland habitat. No prey items, likely to have been found in mangroves
(e. g. fidler crabs or mudskippers ) and/or salt flats (e.g. Uca elegans) were recovered,
although one seasarmid carapace was found it was from a species I have only ever
seen among the dunes. The major prey items from the beach were sea turtle egg (312
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g) and ghost crab (89.7 g), while the major grassland items recovered were Rattus

rattus and Macropus agilis remains (161 g combined) and insect (112 g). Feeding on
M. agi/is indicated carrion feeding and dead M. agilis were occasionally found near
the vehicle paths behind the dunes (pers. obs.). Varanus panoptes at Fog Bay
therefore appeared to feed exclusively among the dune/grassland and beach habitats.
The area these habitats covered within each goannas activity area was therefore
considered their foraging area and constituted between 12 and 30 ha, (31-42%) of the
activity area. The mean foraging areas occupied was larger in males (26.41 ha) than
females (11.41 ha).

5.3.2.2 Use of Other Habitats within the Activity Area

Between 9 and 13% of fixes were made within the mangrove and salt flat habitats
(Table 5.5) therefore these habitats were occasionally visited by V. panoptes. Thirtyone observations of active, non-radio-tracked V. panoptes were made over the study
period. Fifteen were seen behind the dune, 14 were seen on the beach and one each
was seen in the mangroves and salt flats in February 1998 and May 1998
respectively. Goannas sighted behind the dunes nearly always retreated into the
mangroves on my approach. Of the goannas seen in the mangroves and salt flats one
was resting and one was walking slowly.
Regression analyses showed goanna burrow abundance was negatively
associated with Merops ornatus burrow abundance on the beach (r = -0.291; P =
0.043; # Goanna burrows = 14.17 - 0.49 # M ornatus burrows) and goanna activity
index was positively associated with grasshopper densities behind the dunes (r =
0.31; P = 0.03; Goanna activity index = 2.89 + # Grasshoppers).

84

5.4 DISCUSSION

5.4.1 Seasonal Activity Areas of V. panoptes

Male activity areas were significantly larger than female activity areas. Time period
did not influence activity area size. The tracking period encompassed most of the
likely breeding season for V. panoptes at Fog Bay (Blamires 1999; Appendix 1).
The size of male activity areas has been found to increase during courtship in other
varanids (Auffenberg 1988; Phillips 1995; Thompson et al. 1999). Larger activity
areas for male V. panoptes throughout the tracking period therefore could be
attributed to courtship. Very little successful tracking was done between December
and February so it was difficult to determine if V. panoptes of either sex occupied
different activity areas at this time.
Estimated activity areas for male and female V. panoptes at Fog Bay,
resembled those of the similarly sized V. griseus inhabiting a coastal plain in Israel
(Stanner and Mendelsson 1987). It may be that activity areas of V. panoptes at Fog
Bay are typical for a varanid of its size in a coastal environment, selecting a habitat
of high abundance of preferred prey for the majority of its activities.
The habitat V. panoptes occupied the most, its core habitat, at Fog Bay was
the dune/grassland habitat with 2:.70% of all fixes taken within it (Table 5.4). The
size ofthe core areas (the amount of activity area made up of core habitat) differed
between male and female V. panoptes representing 29-40% of the activity area.
Outlying fixes must have been of considerable distance from the core area to cause it
to be a considerably small portion of the activity area (White and Garrott 1990),
particularly among males. Although they constituted up to 68% of the radio-tracked
individuals' measured activity area, the mangrove and salt flat habitats were
occupied on a limited basis and there was no evidence of feeding in these habitats.
The mangrove habitats appeared to be used mainly as a refuge by V. panoptes, since
most fixes in mangroves were from triangulation and the goannas may have moved
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there after detecting my presence while I was tracking them. Using triangulation
may overestimate activity area, although this was accounted for by the application of
error polygons (Garrott et al. 1986). Undisturbed behaviours were observed of V

panoptes within mangroves or on salt flats. Similar observations were made of V
panoptes in the mangroves of Darwin Harbour (Blamires and Nobbs In press;
Appendix II). This was unlike the behaviour of V panoptes on the beach (except
when basking in the inter-tidal zone) or among the dunes, where they would
invariably flee when in my presence. It therefore appears that V panoptes uses these
mangrove and salt flat habitats as retreats, suggesting that retreating individuals may
be responsible for outlying fixes.

5.4.1.1 Diet and Foraging Area

There was a wide variety of prey consumed by V panoptes over the study period.
Sea turtle eggs were the most abundant item and were consumed between March and
November with peaks in July-August and October for both seasons. These months
had the greatest turtle nesting, and hatching activity respectively, thus fresh nests
may be raided in July and hatched nests are being targeted in October, probably
because V panoptes recognisedthe freshly excavated soil from hatchlings leaving the
nest.
Less prey was consumed overall in the non-nesting period (DecemberFebruary), although insects, reptiles, mammals and crustaceans were consumed in
similar amounts as during the nesting season, suggesting the areas searched to obtain
prey did not differ in the non-nesting period. There was little evidence of bird
predation and V panoptes activities on the beach were inversely proportional to the
number of Merops ornatus burrows, probably because M. ornatus burrowed on areas
of beach where there was little turtle nesting, thus were rarely encountered by V

panoptes. There was a positive correlation between the number of grasshoppers seen
behind the dunes and goanna activity behind the dunes. This was probably because
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when sea turtle nesting ceases in the wet season, grasshoppers were abundant behind
the dune. Accordingly V. panoptes spent more time searching for grasshoppers at
this time.

5.4.2 Implications on Sea Turtle Rookery Management

This chapter found that goanna activity area sizes do not change in response to sea
turtle nesting, rather they occupied the dune/grassland habitats throughout the year,
from which they foraged on the beach and among the dunes year round. It was
apparent that V. panoptes relied heavily on sea turtle eggs as a food source during the

dry season at Fog Bay. The coastal V. panoptes populations had an extended activity
period into the dry season compared with floodplain V. panoptes populations that
spend much ofthe dry or late dry season inactive (Christian et ai. 1995). Therefore
protecting sea turtle nests may have a negative impact on the goanna population at
Fog Bay. Upon investigation of the energetic value of sea turtle egg consumption by
V. panoptes (Chapter 6) it can be evaluated how to manage the sea turtle rookery
without affecting the caloric balance of V. panoptes at Fog Bay.
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TABLE 5.1. The sex, size, tracking period and the cause of termination of tracking (fate) for each goanna radio tracked at Fog Bay.

00
00

Goanna

Sex

SVL (cm)

MASS (kg)

Tracking Period

1

Female

34.0

1.7

2

Female

41.5

2.2

3

Male

58.0

3.2

4

Female

57.0

2.6

5

Male

55.6

2.8

May-June 1997
(38 days)
June-Dec. 1997
(174 days)
April-Sept. 1998
(161 days)
July-Sept. 1998
(78 days)
July-Dec. 1998
(129 dai:s)

#
Fixes
5

Fate
transmitter damaged

48

transmitter failed (battery?)

27

transmitter damaged

10

found dead behind dune

33

recaptured, transmitter recovered

TABLE 5.2. Goanna activity areas and the area occupied by each habitat (in
hectares).
Habitats are beach, dune/grassland, mangrove and salt flats. The proportion of the
activity area each occupies is in parenthesis.

HABITAT:
GOANNA
1
2
3
4
5

beach

dune/grassland

mangrove

salt flat

Activity
Area

0.12 ha
(0.32%)
0.69 ha
(2.19%)
1.3 ha
(2.09%)
0.43 ha
(1.5%)
1.74 ha
(1.89%)

13.24 ha
(34.8%)
9.18 ha
(29.17%)
21.9 ha
(35.2%)
11.84 ha
(40.3%)
27.88 ha
(30.24%)

24.5 ha
(64.41 %)
18.87 ha
(59.96%)
37.85 ha
(60.83%)
16.11 ha
(57.19%)
55.76 ha
(60.47%2

0.18 ha
(0.47%)
2.73 ha
(8.67%)
1.17 ha
(1.88%)
0.29 ha
(1.01 %)
6.83 ha
(7.41 %)

38.04 ha
31.47 ha
62.22 ha
28.67 ha
92.21 ha
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TABLE 5.3. Results of a two-way ANCOVA for mass-corrected activity areas
between sex and period.
Where sex = male or female and period = early, mid and late nesting season. Pvalues are shown for the significant variables, NS

F

DF

p

SEX

14.77

1,17

0.001

PERIOD

0.239

1,17

NS

SEX x PERIOD

0.299

1,17

NS

= not significant.

FACTOR
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TABLE 5.4. Distribution of fixes for each goanna across the four habitats.
Percentage of fixes is in parenthesis.

GOANNA
1
2
3
4
5

FIXES/ HABITAT:
BEACH
DUNE!
GRASSLAND

MAN-

1(20)
6(12.5)
4(14.8)
2(20)
5(15.2)

4(80)
36(75)
19(70.4)
7(70)
25(75.8)

GROVE

SALT
FLATS

TOTAL
FIXES

0
4(8.3)
3(11.1)
1(10)
2(6.1)

0
2(4.2)
1(3.7)
0
1(3.0)

5
48
27
10
33
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TABLE 5.5. Identifiable prey items found in goanna scats at Fog Bay.
All items identified to the lowest taxonomic rank possible.

PREY-TYPE:
CLASS
Mammal

Reptiles

Crustaceans

Insects

ORDER
Rodents

Marsupials
Squamates:
-Skinks
-Pygopods
-Gekkos
-Varanid
-Colubrid
Sea Turtle
EggslHatchlings
Brachyuria:
-Ocypodid
-Seasarmid
Grasshoppers
Beetles
Cockroaches

SPECIES
Rattus rattus
Hydromys
chrysogaster
Melomys burtoni
Macropus agilis

IDENTIFIED
FROM
Teethlbone
Teethlbone
Teethlbone
Teethlbone

Boiga irregularis

Tail
Tail
Bone
Bone
Bone/Scale
Teeth

Natator depressus

Egg shelVscutes

Ocypode spp.

Carapace/claw
Carapace
Cuticle/legs
Cuticle
Cuticle

Carlia spp.
Ctenotus spp.
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FIGURE 5.1. Habitat partitioning of the area, into beach, dune/grassland, salt flats
and mangroves.
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FIGURE 5.2. Seasonal number of encountered insect, crustacean, reptilian

(excluding sea turtle eggs), sea turtle egg and mammal prey in goanna scats.
Graph shows mean values ± 1SD.
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FIGURE 5.3. Seasonal dry weights of insect, crustacean, reptilian (excluding turtle
eggs), turtle egg and mammal prey recovered from goanna scats.
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CHAPTER 6
IMPACTS OF TURTLE NESTING ON GO ANNA FORAGING

6. IMPACTS OF TURTLE NESTING ON GOANNA FORAGING

6.1 INTRODUCTION

The prey finding ability of V. panoptes at Fog Bay was discussed in Chapter 4, where
it was found they were highly adept at locating sea turtle nests on the dune crest and
base. Disturbed sand and chemoreception appeared to be used as nest locating cues.
Chapter 5 investigated the influence of turtle nesting on V. panoptes activity areas
and no relationship between sea turtle nesting density and activity area size was
found. It was found that V. panoptes inhabited the grassland habitats associated with
the dl~nes and they limit foraging to within these areas and on the beach. Sea turtle
eggs were the most consumed prey item during the sea turtle nesting season (MarchNovember). The impact of turtle nesting on V. panoptes at Fog Bay needs to be
further quantified by examining the strategies employed when foraging for sea turtle
eggs and the energetic consequences of searching for and consuming sea turtle eggs,
to determine how many eggs are required by the population to ensure energy balance
so sea turtle rookery management can allow for this number of eggs to be consumed.
The aims of this chapter were therefore to determine the influence of sea turtle
nesting on the foraging behaviour of V. panoptes by applying foraging models to
search paths measured on the beach.

6.1.1 Foraging Theories

There are several factors a foraging animal has to consider in deciding what prey to
hunt. The most simplistically defined theory is that a predator evaluates its prey
according to likely caloric return, or its energetic "profitability" (pyke 1984; Lengren
1986; Arnold 1993). The size of the prey item is usually an indicator of caloric
return (Schoener 1971; Pyke 1984; Arnold 1993). However, other considerations
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such as the handling time (Lengren 1986; Arnold 1993), and the likelihood of
consumption (Arnold 1993) are also important considerations and may eliminate
prey which are energetically profitable, but difficult to either handle or consume.
Most optimal foraging models are concerned with a foraging area, or "patch"
(Charnov et al. 1976; Green 1984; Pyke 1984; Lengren 1986; Real and Caraco
1986). An optimal patch residence time (R), which maximizes energetic gain from
the patch, is determined by the equation:

R = E(Tnl
(Tt + Tp). (Equation 1)(Lengren 1986)
Where E is the net energy intake, Tp is the patch residence time and T t is the average
time of travel between patches. E is derived from: E = El (Ts + AI) + E2(Ts + 1,.2) + ...
En(Ts + A-n) (Equation 2) (Lengren 1986), where Ei is the energetic return of
consuming prey i, Ts is the search time between each prey encounter and Aj is the
encounter rate for prey i.
According to the theory of Charnov et al. (1976) a forager maximizes the
residence time so that the rate of energy gain, at the time of leaving the patch, equals
the long-term mean rate of energy intake for that patch. Animals use many
indicators to identify a patch that is no longer profitable, which may vary according
to the predictability of encountering prey. One theory (Green 1984) suggests one of
three patch abandoning strategies may be implemented at varying times: 1) the
"fixed-time" strategy, the most "risk-prone" but possibly the most rewarding
strategy, implies an animal stays at the patch until it has been extensively searched.

2) The "give-up time" strategy, implies an animal gives up foraging after a certain
time of encountering no prey; and 3) the "assessment" strategy, implies a decision is
made based on encounter rates of prey over a period oftime. The "assessment"
strategy is the most robust, yet the most conservative, approach (Green 1984).
The movements of a foraging animal may be divided into segments, which
have length and direction. Each of these has a probability of heading in a certain
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direction depending on the location of the food (e.g. PE = probability of moving east,
Pw = probability of moving west, PN = probability of moving north, Ps = probability
of moving south), the mean of these values is called the directionality (Pyke 1984).
Pyke (1984) proposes that mean directionality is low if an animal does not know
where to find the nearest source of food. If an animal knows the direction of a food
source and an optimal path is followed, mean directionality will be high (0.8-1.0).
At Fog Bay most sea turtle nests are laid along the dune base (Chapter 3), therefore if
V. panoptes searched directly along the dune base it would be expected to have a
high foraging directionality.

6.1.2 Foraging Strategies of V. panoptes

Two dichotomous foraging modes have been described for lizards: a sit-and-wait or
wide-ranging foraging mode (Schoener 1971; Huey and Pianka 1981; McLachlan
1989), however many argue that these two modes simply represent the extremes of a
continuum of strategies (Huey and Pianka 1981; Perry 1999). Some species alter the
mode employed in differing conditions (pietruszka 1986). Varanids will generally
adopt an intensive, wide-ranging foraging mode (Stamps 1977; Greer 1989; King
and Green 1993) but this may change according to species or reproductive, body
mass, energetic, temporal, or habitat restraints (Greer 1989; Auffenberg 1994).
Except for the frugivorous Varanus olivaceus (Auffenberg 1988), all varanids are
carnivorous or insectivorous, generally depending on body size (Losos and Greene
1988). In large species the burden of wide-ranging, intensive foraging and a
carnivorous diet is overcome by having metabolic capacities superior to most lizards
(Gleeson 1981; Thompson and Withers 1997).
Varanus panoptes is a wide-ranging forager that usually scavenges or digs for
prey (Shine 1986), but may also obtain prey by diving (Martin 1990) or searching at
night (Greer 1989; Irwin et al. 1996). In areas where prey densities fluctuate
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seasonally, V. panoptes becomes inactive when prey availability is low, usually
during the dry or late dry season (Christian et al. 1995). Varanus panoptes at Fog
Bay was found to be active throughout the year, particularly during the dry season,
coinciding with the timing of sea turtle nesting (Chapter 5). The most consumed
prey of V. panoptes at Fog Bay was sea turtle eggs (Chapter 5) and V. panoptes
appears to extend its activity period at Fog Bay to utilise this food source. Since the
preferred prey is that which maximizes net energy intake (Lengren 1986; Stephens
and Krebs 1986; Arnold 1993), sea turtle eggs must be an energetically important
prey for V. panoptes at Fog Bay.

In this chapter, I measured V. panoptes tracks to construct an energy budget
to determine the energy requirements of V. panoptes foraging for sea turtle eggs on
the beach. Using the caloric content of sea turtle eggs and the energy budget, the
number of eggs required by V. panoptes to replenish energy expenditure could be
estimated. I investigated the foraging strategies employed and the directionality of
foraging paths each month to investigate if V. panoptes maximised its foraging
efforts.

6.2 METHODS.

6.2.1 Foraging Strategies of V. panoptes

Each track that traversed the beach was recorded, according to the beach it occurred
on and the month of occurrence. The paths taken by V. panoptes on the beach were
detennined by following tracks from the point where they first crossed the dune to
the point where they exited the beach. The beach on which each track occurred was
noted. Track directions were detennined by the direction of footprints. Only clear,
fresh tracks, with no interference from other animal prints or dispersed sand were
followed. The distance and direction (the angle at which segments of track was
heading) were measured by tape measure and compass (Silva; Type 3, Sweden)
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respectively. The number of sea turtle nests that each track encountered was also
recorded.

6.2.1.1 Energy Budget

A simplified monthly energy budget was constructed to detennine the energetic costs
incurred by V. panoptes when searching for sea turtle eggs on the beach, ignoring
other fonns of energy expenditure such as reproduction, growth and consuming other
prey (Kitchell and Winde111972), based on track measurements. Mean time spent
searching the beach (patch residence time; PRT) was detennined each month from
track distances; assuming V. panoptes walked at a mean speed of 2.6 m min-I, as
estimated for foraging V. gouldii (Thompson 1995). A field metabolic rate (FMR) of
143 kJ kg -1 day -1 for V. panoptes walking for 3.5 h each day (Christian et at. 1995)
was used to estimate energy requirements. Goannas captured in Chapter 5 had a
mean mass of2.5 kg (SD = 0.57; N = 5) and this was assumed to represent the mean
mass of adults. Thus the monthly energy expended (MEE) was detennined from the
mean search times by the equation:
MEE (kJ) = 143 (kJ kg -1 day -1) x 2.5 kg x [PRT(min.)/21O min.] x 30
days (Equation 3).
This was assuming a prey handling expenditure of 0 kJ.
Thirty-three N depressus eggs found intact in raided nests were taken back to
the laboratory, re-hydrated and weighed. Four of these eggs were freeze dried (15°C) and re-weighed. The shell was removed and the remaining contents burned to
determine the protein, fat, carbohydrate and ash content, from which mean energy
content ofthe eggs (EEC; kJ g-l) was determined, at the Symbio Alliance laboratory
(National Association of Testing Authorities, Brisbane). Thus the energy (E) derived
per egg was determined by the equation:
E per egg (kJ) = EEC (kJ g-l)

X

egg weight (g) (Equation 4).

Monthly consumption of sea turtle eggs required each month to replenish
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monthly energy expended was determined by the equation:
Monthly egg requirement = MEEI E per egg (Equation 5).
The number of nests needing to be encountered each month (MNE) to replenish
monthly energy expenditures was calculated from the equation:
MNE = Monthly egg requirement/50 (eggs nesr 1) (Equation 6).
To account for digestive efficiency (Kitchell and Windell 1972), monthly nest
requirements were divided by a factor of 0.9.

6.2.1.2 Search Strategies

Correlation coefficients were calculated for track distances and sea turtle nests
encountered each month, between March and November, to determine whether
search times were optimal. A strong correlation would indicate an optimal but
potentially "risk-prone" searching strategy and no correlation indicated a
conservative searching strategy. A weak correlation would indicate neither a "riskprone", nor a conservative searching strategy. The patch abandoning strategies:
"fixed time"; "assessment" or "give up time" were assigned each month depending
on whether searching was "risk-prone" ("fixed time"), conservative ("assessment") or
neither (" give up time").

6.2.1.3 Directionality

Varanus panoptes enters the beach by walking over the dunes, which face west at
Fog Bay, therefore they may go west, north or south onto the beach. Since most sea
turtle nests, at Fog Bay, line the dune base, if a goanna walked over a dune and lmew
where to forage, it would immediately head north or south. A probability value of
1.0 therefore is given to tracks heading north or south, while a probability value of 0
is given to tracks which head west. On the beach goannas may walk north, east, west
or south, however if foraging for turtle nests they would be expected to continue
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walking north or south, therefore tracks heading west would also be given a
probability value ofO. A track is assumed north ifit runs 315-45°, south ifit runs
135-225°, east ifit runs 45-135° and west ifit runs 225-315°. Since the number of
straight lengths oftrack available decreases with the number of bearings from each
track incorporated into analyses, mean probabilities of the first ten compass bearings
of each track were used to determine monthly mean directionalities. If a monthly
mean directionality between 0.8 and 1.0 was found, optimal foraging directionality
would be implied, ifbetween 0.6 and 0.8, sub-optimal foraging would be implied and
less than 0.6 would imply random foraging (Pyke 1984).

6.3 RESULTS

6.3.1 Foraging Strategies of V. panoptes at Fog Bay

6.3.1.1 Number of Tracks

In 1997 the mean number of goanna tracks appearing on the beach per day peaked in
October for Beaches 1, 3 and 4 but Beach 2 peaked in June (Figure 6.1). In 1998,
Beaches 1 and 3 had a similar daily track numbers as 1997, with the peak in October.

In 1998, Beach 2 had the greatest daily number of tracks in July and on Beach 4 the
most tracks traversing the dune daily was between May and July (Figure 6.2).
A total of91 tracks were followed in every month during the study period, except in
January 1998 when I found most tracks either completely or partially erased by rain
and/or wind, thus no tracks were followed in this month. The mean track distances
and patch resident times of these tracks are shown in Table 6.1.

6.3.1.2 Energy Budget

Mean protein, fat, carbohydrate, ash and energy content of the N depressus eggs are
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shown in Table 6.2. The mean hydrated mass of the eggs was 59.23 g (SD

= 5.03)

and a mean energy content of3.67 kJ g-l of wet weight was found, thus each egg
yielded 217.37 kJ. Table 6.3 shows the monthly energy expenditure and monthly sea
turtle egg and nest requirements to replenish energy expenditure for V. panoptes
foraging on the beach. Table 6.3 also shows the corrected monthly nests
requirements to allow for a digestive efficiency. Table 6.4, shows the number of
turtle nests encountered per track in each month. Except for February, March and
December, the number of nests encountered easily exceeds the monthly requirements
to replenish energy expenditure. This assumed that all nests were raided and that all
eggs within the nest were consumed.

6.3.1.3 Patch Residence

Overall, a weak positive correlation was found between track distance and sea turtle
nests encountered (r = 0.307; P = 0.033; R2 = 0.09; Figure 6.3). This may be
interpreted as V. panoptes employing neither "risk-prone" nor conservative searching
(using the "give-up time" patch occupancy rule) all year round. On a monthly basis,
however, correlation coefficients (displayed in Table 6.5) show that for all months
"risk-prone" searching strategies ("fixed-time" patch occupancy rule) appeared to be
employed, except in September when a conservative searching strategy
("assessment" patch occupancy rule) appeared to be employed (Table 6.5).

6.3 .1.4 Directionality

Mean directionalities of tracks showed that they headed in a direction that was suboptimal for encountering a maximum number of sea turtle nests all year round (Table
6.6). A mean directionality of 0.56 in June was interpreted as random foraging,
according to the criteria. No monthly change in mean directionality of foraging path
was evident, thus, it appeared that directionality of foraging was not affected by
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patch residence time or energy requirements.

6.4 DISCUSSION

6.4.1 Foraging Strategies of V. panoptes

The number of tracks on the beach was greatest from May to July in 1998,
particularly on beach 4. Few tracks were seen in September on any beaches or in
either season, this was consistently followed by an increase in October. High activity
in the mid-dry season is similar to patterns in V panoptes inhabiting a Northern
Territory floodplain where V. panoptes moves vast distances to find food at the edges
of the receding water bodies (Christian et at. 1995). In these habitats however, there
is decreased activity in the late dry season, due to a decrease in food availability
(Christian et al. 1995). At Fog Bay, activity appeared to remain high throughout the
dry season. This may be due to continued searching for sea turtle eggs with the most
searching being done between May and July and in October.
The V. panoptes popUlation at Fog Bay needed at least 0.55 nests per month
to replenish energy expended in searching the beach and this number was exceeded
in all months except for February, March and December, assuming all eggs in each
nest were eaten. Nests that had been raided by V. panoptes always had a number of
whole eggs and partially destroyed eggs around the opened nest. This suggested that
fewer than 50 eggs were consumed per nest encountered. The number of nests
required may be higher than that estimated. The assumption of a 0 kJ handling
expenditure for the excavation of sea turtle eggs causes further underestimation of
the number of nests required, as there would be some energy expense incurred by
digging. Nonetheless 52% of the 493 sea turtle nests laid over the study period were
raided (Chapter 3) so the number of eggs consumed would still vastly exceed
requirements, even if underestimated.
An estimated 28 individual V. panoptes inhabited the area over the study
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period (Blamires In press) and each oftheir requirements may be 1128 that of the
population each, if all individuals were consuming sea turtle eggs. It, however,
remains to be known if all V. panoptes in the area consumed sea turtle eggs, as
complicated telemetric techniques would be required to accurately measure the
number of individuals consuming sea turtle eggs.
Despite the seasonal availability of sea turtle eggs, it would be expected that
V. panoptes at Fog Bay would never experience an energy debt. Between April and
November they consume sea .turtle eggs, easily replenishing the energy expended
searching for them. Between December and February there is no sea turtle nesting
but other food sources are abundant, for example ghost crabs are active in greater
abundance at this time (Chapter 2). Varanus panoptes still used the beach between
December and February and they may have been foraging for ghost crabs at this
time. In March, V. panoptes encountered low numbers of sea turtle eggs, but they
consumed an abundance of alternative prey from the beach and amongst the dunes
(e.g. insects, small mammals and reptiles; Chapter 5). These prey items are expected
to be abundant at this time (Christian et al. 1995).
Christian et al. (1995) found that V. panoptes had an extended activity period
when near floodplains compared to those in woodland habitats. It may be that the
coastal habitat allows for year round activity irrespective of the availability of sea
turtle eggs. On Beach 1, there was little sea turtle nesting (Chapter 3) and daily V.
panoptes activities were low at all times on this beach (Figure 6.1 and 6.2), probably
because few V. panoptes inhabited this area. This indicated that V. panoptes
preferred to inhabit the areas near the nesting beaches. Yet, Beach 1 had similar
habitats, more shade and availability of other prey items (Chapter 2).
When the sea turtle nesting season begins in March there may be a substantial
energetic windfall for V. panoptes that locate nests. Each egg yields about 220 kJ of
energy and each nest contains approximately 50 eggs or approximately 11,000 kJ. It
is expected that V. panoptes will search further to locate nests. This appeared to
occur at Fog Bay because track distances in March were by far the greatest for the
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year. Likelihood of encountering nests was low at this time, as there was relatively
few nests on the beach. In this situation, a "risk-prone" foraging strategy (using the
"fixed time" patch occupancy rule; Green 1984) was employed searching extensively
for all nests (Lengren 1986; Real and Caraco 1986).
A "risk-prone" foraging strategy continued to be used throughout the nesting
season, except in September, when the number of nests began to decline. There was
however, a peak in the number of tracks crossing the dunes in October in both 1997
and 1998 and a return to "risk-prone" foraging. The dry weight of sea turtle eggs
consumed also peaked at this time (Chapter 5). It appeared that V. panoptes targeted
hatched nests at this time. Varanids have also been reported to target hatched sea
turtle nests elsewhere (Limpus et al. 1983a). Hatched nests may be targeted because
they are easily located from the sand disturbance caused by hatchlings leaving the
nest or there may be considerable energetic gains by consuming unhatched eggs and
any hatchlings remaining in the nest.
On a long, narrow beach, such as at Fog Bay, movement distances would be
expected to be predominantly in a North-South direction. In a more regular or square
shaped foraging area, the directions would be more variable. Accordingly at Fog
Bay, foraging directionalities would be expected to be high regardless of the purpose
of the path. A foraging directionality of 0.8 may not necessarily indicate that these
paths represent searching for every sea turtle nest, but the likelihood of nest
encounter would be considerably higher (Pyke 1984). Despite this, mean
directionalities of foraging paths measured were, according the criteria ofPyke
(1984), sub-optimal for locating a maximum numbers of turtle nests in most months
and random in July, with little monthly variation. It may be that V. panoptes foraged
North to South along the dune base, but obstacles forced the direction changes.
However, most of the measured deviations from North to South were large, with
tracks often moving a great distance to the West into the intertidal area. It is unlikely
these deviations constitute a more extensive search, as few turtle nests were ever laid
away from the dune base. It was unknown if V. panoptes foraged in the water, but a
106

lack of fish bone found in scat material (Chapter 5) makes it unlikely. They may
have been moving into the intertidal area to search for tide washed carrion, ghost
crabs, or water rats. There was no evidence of a consumption of marine carrion
(most of which was fish) in the scat analysis, but they did consume both ghost crabs
and water rats (Chapter 5). Searching for these prey may be an explanation for their
inter-tidal movements. Vandedeley (1996) reported that varanids found turtle nests
by walking along the high tide line and following fresh turtle tracks up the beach. I
rarely observed this, nearly all raided sea turtle nests had V. panoptes tracks running
along the dune base, encountering the nests along their course. Some varanids are
thOUght to use waterways for thermoregulation (Wickramanayake and Green 1989;
Christian et al. 1996). Twice I saw a V panoptes resting on the wet sand in the
intertidal area. Thermoregulation may be an explanation of their use of this area. It
appears that V. panoptes uses the beach at Fog Bay for many purposes in addition to
searching for sea turtle eggs.

6.4.2 Consequences of Goanna Foraging on Turtle Conservation

Sea turtle nesting has important consequences on the diet and seasonal activities of
V. panoptes at Fog Bay. The high energy and water content of N. depressus eggs

(Table 6.2) allows V. panoptes at Fog Bay to have a significantly extended activity
and reproductive (Blamires 1999; Appendix I) period. Without the availability of sea
turtle eggs, V. panoptes would probably become inactive at certain times of the year
to conserve energy, as it does in other habitats (Christian et al. 1995). Conservation
strategies aimed to deny varanids access to sea turtle nests should not have a negative
consequence on the population dynamics of V. panoptes at Fog Bay if allowed access
to a small number of nests. The early sea turtle nesting season (March-May) is an
important time for V. panoptes to feed on sea turtle eggs at Fog Bay, as it may result
in considerable caloric intake. Few of the nests laid at this time survive to hatch
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(Chapter 3) and these eggs may be considered "doomed" and could be left to be
consumed by goannas rather than being transported to hatcheries or a laboratory, as
suggested in Chapter 3. Other nests considered "doomed" because of where they
were laid might be left for goannas to consume. All nests laid between June and
August, above the high water mark, on Beaches 2 and 4 should be protected, as
discussed in Chapter 3 and 4.
There is a risk that by being denied access to a naturally occurring, high
energy prey source, V panoptes may be forced to hunt alternative prey, moving
closer to domestic areas to scavenge and this might cause nuisances to residents or
may expose goannas to unnatural diets that may not be beneficial (McCoid and
Hensley 1994; Thompson 1996). Only if consideration is given to not interfering
with the natural habits of V panoptes, while maximizing sea turtle hatchling output
can viable sea turtle rookery management strategies be undertaken at Fog Bay.
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TABLE 6.1. Summary of tracks followed each month.
Total tracks followed (N), the mean distance of beach covered by each track
(standard deviations are in parentheses) and the patch resident time (PRT).

MONTH

N

FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC
TOTAL

6
4
6
7
4

11
8
16
30
7
2
91

MEAN TRACK
DISTANCE(m) (+ lSD)
38.25 (21.93)
274.98 (365.6)
73.5 (42.68)
120.83 (58.94)
116.55 (71.17)
71.1 (59.81)
85.36 (62.48)
85.95 (82.1)
70.73 (50.37)
55.77 (47.02)
85.09 (89.33)
85.09 (89.33)

PRT (min)
14.71
105.76
28.27
46.47
44.83
27.35
32.83
33.06
27.2
21.45
32.73
32.73
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TABLE 6.2. Dry and wet mass and percent water, protein, fat, carbohydrate and ash
and energy content (kJ g-l) of Natator depressus eggs collected at Fog Bay.
Standard deviations are in parentheses (N = 4).

MASS (g)
WATER(%)
PROTEIN(%)
FAT (%)
CARBOHYDRATES (%)
ASH (%)
ENERGY (kJ g-l)
ENERGY (kJ)

DRY (+ 1 SD)
9.63 (5.03)
0.0
52.0 (0.9)
32.8 (004)
9.5 (0.3)
5.0 (0.3)
22.6 (0.1)
217.37

WET (+ 1 SD)
59.23 (5.03)
84.3 (6.36)
8.35
5.23
1.44
0.71
3.67
217.37

llO

TABLE 6.3. Monthly energy budget, for V. panoptes foraging on the beach at Fog
Bay.

Monthly energy expended (MEE) was determined from equation 3 in the text. The
mean monthly eggs required (MER) was determined from equation 5 in the text and
the mean monthly nests needing to encounter (MNE) was determined from equation
6 in the text. MNE/0.9 was calculated to determine nest encounter requirements
taking into account digestive efficiency.

MONTH
FEB
MAR
APR
MAY

JUN
JUL
AUG

SEP
OCT
NOV
DEC

MEE
750.8
5405.4
1447.9
2370.2
2284.4
1396.4
1673.1
1683.8
1394.3
1094.0
1673.1

MER
3.5
24.9
6.7
10.9
10.5
6.4
7.7
7.7
6.4
5.0
7.7

MNE
0.1
0.5
0.1
0.2
0.2
0.1
0.2
0.2
0.1
0.1
0.2

MNE/0.9
0.11
0.55
0.11
0.2
0.22
0.11
0.22
0.22
0.11
0.11
0.22
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TABLE 6.4. The mean monthly number of sea turtle nests encountered by each
track followed.
Standard deviations are in parentheses.

MONTH
FEB
MAR
APR
MAY

JUN
JUL

AUG
SEP
OCT
NOV
DEC

MEAN NESTS ENCOUNTERED
(+ 1SD)
0(0)
0.5 (0.58)
1.1 (1.1)
1.14 (1.46)
1.0 (1.41)
1.09 (l.45)
1.88 (3.83)
1.73 (3.96)
2.03 (2.16)
1.57 (1.81)
0(0)
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TABLE 6.5. Correlation coefficients between track distance and the number of
turtle nests encountered for each month.
Also indicated are the search strategy ("risk-prone", conservative or neither) and the
patch abandoning rule implied (FT = "fixed-time" rule, GUT = "give-up time" rule
and Assess = "assessment" rule).
MONTH

r

P

MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV

0.67
0.042
-0.34
-0.51
0.38
0.28
0.74
0.31
-0.09

0.33
0.93
0.46
0.49
0.25
0.18
<0.001
0.1
0.84

SEARCH
STRATEGY
risk-prone
risk-prone
risk-prone
risk-prone
risk-prone
risk-prone
conservative
risk-prone
risk-prone

ABANDONING
RULE
FT
FT
FT
FT
FT
FT
Assess
FT
FT
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TABLE 6.6. Mean directionality of goanna foraging on beaches at Fog Bay per
month.
Calculations were derived from track directions given that most sea turtle nests are
along the dune base. The probability of a track heading north (315- 45) or south
(135- 225) was assumed to equal 1.0, while the probability of a track heading east
(45- 135) or west (225- 315) was assumed = O. All these directionalities were
interpreted as sub-optimal, with June interpreted as random (see text for details).

MONTH
FEB
MAR

APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

MEAN
DIRECTIONALITY
0.69
0.62
0.60
0.69
0.56
0.65
0.66
0.65
0.62
0.64
0.60
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FIGURE 6.1. Mean daily number oftracks traversing the dune between March

1997 and February 1998.
Graph shows mean ± 1 SD.
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CHAPTER 7

SYNOPSIS AND CONCLUSIONS

7. SYNOPSIS AND CONCLUSIONS

The geography, flora and fauna of the study site were mapped. Areas crucial for sea
turtle nesting were identified according to beach characteristics such as sand depth
and beach access at the spring high tide line. The activities of fauna, other than

Varanus panoptes, appeared to have minimal direct impact on sea turtle nests. A
spatial database was established using GIS software, and changes in beach topology
caused by climatic events, animal or human impacts were monitored.
Twice as many nests were laid in 1997 (329) than in 1998 (164). Most
(82.7%) nests were laid at the dune base. Eighty-five hatched nests were excavated
and the emergence success was determined according to Miller (1999). An
emergence success of 94.7% was found, which is a higher rate than reported for
other N depressus popUlations (Bustard 1972; Limpus et al. 1981, 1983c;
Vandereley 1996). Exposure to lethal temperatures at 30 cm below the sand surface,
during the incubation period late in the season may cause egg mortality in the top of
the nest and not allow hatchlings from the bottom to emerge. Beach 3 was the least
productive beach and Beach 2 the most productive at producing emerging hatchlings.
Although high tides reached the dune base on Beach 3 and may have inundated many
nests, predation was the greatest cause of the nest mortality. Collapse of dunes in the
1997/98 wet season did not directly influence the number of nesting sea turtles on

any stretch of beach, although it may have forced nesting closer to the spring high
water mark in 1998, potentially exposing them to inundation. Erosion may cause
long-term impacts on turtle nesting and should be monitored in the future. There was
a female hatchling sex ratio estimated at all times of year with male hatchlings only
likely to be produced between June and August, when temperatures at 50 cm below
the sand surface were close to the assumed pivotal temperature (29.3°C; Limpus
1995). The pivotal temperature at Fog Bay needs to be determined to confirm these
findings. Nests layed outside the June-August period appeared to experience higher
118

non-predatory mortality, due to high nest temperature and, possibly, high tides.
Accordingly, conservation strategies would only potentially benefit the population by
targeting the period June-August.
Natator depressus nested predominantly along the dune base at Fog Bay but

at Mundabullangana, Western Australia, whose dunes were of shallow slope and
easily climbed, they nested predominantly on the primary dune crest. The
emergence and crawl paths of N depressus were similar at both sites. Size of the
nesting turtle did not influence its choice of nesting site. It was therefore concluded
that the Fog Bay population would prefer to nest on the dune crest but were forced to
nest at the dune base because of the height and gradient of most dunes. Predation,
however, was not significantly influenced by nest location and experiments revealed
that nests layed on the dune crest were more likely to be raided by V. panoptes
probably because they were encountered as they moved to and from the beach.
Varanus panoptes appeared to locate nests using disturbed sand as a cue to locate

nests, and probably located eggs using chemoreception.
Activity area size of V. panoptes at Fog Bay were typical for coastal varanids
of its size and were influenced by sex (males> females) but not period of tracking
(March-May = June-August = September-November). The areas of greatest
occupancy (core areas) were among the dune grasslands, in close proximity to the
beach. Based on dry weights of prey recovered from scat material, V. panoptes
appeared to forage on the beach and among the dune grasslands throughout the year
and only the consumption of sea turtle eggs varied throughout the year with a peak in
July, August and September.
Varanus panoptes employed an energetically "risk-prone" foraging strategy

when active on the beach in all months between March and November, except for
September. There may be a significant energetic advantage gained by locating nests
early in the season and the caloric expense of "risk-prone" foraging mode would be
outweighed by a caloric windfall of up to 11,000 kJ per nest. "Risk-prone" foraging
appears to be preferred throughout June-August when the sea nesting density is
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relatively high. Conservative foraging was adopted in September, since this wais the
time when the sea turtle nesting density declined. Varanids returned to "risk-prone"
foraging in October to locate hatched nests. There may be an energetic advantage in
consuming dead hatchlings and unhatched eggs.
Due to the high energetic value of N. depressus eggs, V. panoptes at Fog Bay
need only consume 0.55 nests per month to replace the energy expended searching
for nests, assuming 90% digestive efficiency. Even if all V. panoptes inhabiting the
area do not consume sea turtle eggs and every egg in each nest is not consumed, this
requirement was easily met as 52% of all nests were consumed. Most of V. panoptes
beach activities were on the beaches where sea turtles nest (Beaches 2-4). The
availability of sea turtle eggs appeared to allow V. panoptes an extended activity
period beyond that found for this species in other habitats (Christian et al. 1995).
The directionality of foraging was sub-optimal for encountering a maximum
number of sea turtle eggs throughout the season. It therefore appears that V.
panoptes used the beaches for purposes other than searching for sea turtle eggs (eg.

searching for other prey, thermoregulation). This may explain their presence on the
beach between December and February.
Some management strategies were suggested these included; relocation and
covering nests with wire-mesh screens. Since trials showed that wire-mesh screens
had no effect on hatchling emergence success, this strategy may be the most useful if
there is a low chance of non-predatory causes of egg mortality, therefore only eggs
laid well above the spring high tide line between June and August should be
protected. Nest relocation to other parts ofthe beach would be ineffective as V.
panoptes will readily locate the nests and nest relocation to hatcheries or a laboratory

involve considerable risks, handling and expenses. Nests laid below the spring high
tide line between June and August should be relocated to hatcheries or a laboratory,
where experiments could be done to find the pivotal temperature, and other egg
incubation parameters, of N depressus at Fog Bay. At other times relocation is not
necessary as it appears that if V. panoptes consumes a substantial amount of sea
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turtle eggs early and late in the nesting season they will easily replenish energy
expenditure at this time, alleviating the requirement to consume eggs between June
and August. Since many N depressus nests are potentially exposed to lethal sand
temperatures in March-May and September-November, it would not adversely affect
hatchling output if they were left in place for V. panoptes to consume at this time.
Aboriginal egg harvesting could also be supported in the area if N depressus
eggs were taken between March and May and September and November from any
area and from Beach 3 at anytime of year. Considering its endangered status (Green
and Ortiz-Crespo 1982; Raja Sekhar and Subba Rao 1994; Limpus 1995a; Pritchard
1997), any L. olivacea nests laid, at any time of year, should be protected or
relocated.
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A NOTE ON THE REPRODUCTIVE SEASONALITY OF VARANUS
PANOPTES IN THE WET-DRY TROPICS OF AUSTRALIA
The wet-dry tropics of Australia are characterised by a marked seasonal change in
rainfall and humidity between the wet and dry seasons, with most of the rain falling
between November and April (Taylor and Tulloch, 1985). The reproductive
seasonalities of several lizard taxa of the region have been examined and most were
found to be reproductive during the wet season (James and Shine, 1985). Little is
known regarding reproductive seasonalities in most monitor lizards (Varanus spp.) of
the wet-dry tropics however.
The monitor lizard Varanus panoptes [nomenclature as in Cogger (1992: 370)] is a
ground-dwelling, often riparian monitor lizard of the wet-dry tropics (Shine 1986,
Cogger 1992). The only previous accounts of reproduction of this species were by
Shine (1986), who observed courtship behaviour in July and found females of
reproductive condition among specimens collected in February. R. Pengilley (pers.
comm.) observed mating V. panoptes in Darwin in May. Some further observations
of reproduction in this monitor, made at Fog Bay (12 43'S; 1300 20'E) - 150 km
south west of Darwin, and around Darwin (12 25' S; 131 0 50' E), Northern Territory,
Australia, are described herein.
Three adult specimens, one male and two females, were found dead at Fog Bay and
taken to the laboratory at the Northern Territory University and dissected and their
gonads were examined for signs of reproductive condition. The two females
appeared to have been hit by vehicles but the cause of death of the male was
unknown. Another female specimen, found at Ludmilla Creek, Darwin Harbour, by
M. Nobbs, was also dissected in the laboratory and its gonads were examined for
signs of reproductive condition. This specimen appeared to have died from attack by
another animal. The male specimen from Fog Bay was discarded as it was beginning
to decompose. One female specimen from Fog Bay was frozen and kept by the
Museum and Art Galleries of the Northern Territory (unregistered), the second
female specimen from Fog Bay and the Ludmilla Creek specimen are held at the
Northern Territory University. The stomach contents of the specimens were also
examined. SVL = snout-vent length; TL = total length.
The male specimen from Fog Bay (SVL = 43.1 cm, TL = 111.9 em) was found in
July, its testes appeared enlarged, however volume was not determined so it was
inconclusive whether this specimen was reproductive. This specimen's stomach was
full with eggs of the Flatback sea turtle (Natator depressus). One female from Fog
Bay (SVL = 42.5 cm, TL = 104.3 em) was found in May, it clearly had regressed
ovaries. The major food retrieved from its stomach was insects, mostly grasshoppers
and cockroaches. The other female from Fog Bay (SVL = 40.3 cm, TL = 98.8 cm)
was found in October, this specimen had five developed but unshelled eggs within its
ovaries. The stomach contents of this specimen were largely indistinguishable,
containing mostly dirt and some insects (cockroaches and crickets). The female
specimen collected from Ludmilla Creek (SVL = 44.0, TL = 109.0 cm) was found in
April and had seven shelled eggs within its ovaries. This specimen had two
0

0
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cockroaches in its stomach.
Four small Varanus panoptes were captured by hand at Fog Bay and were
measured. Their total lengths were 24 cm, 27 cm, 28 cm and 30 cm. These were
about the regular size of V. panoptes at birth (Bennett, 1998: 178, as V. gouldii). Two
were seen in October and one was seen in both January and February. A further
capture of a hatchling (TL = 30.5 cm) was made in Darwin in February. I have never
witnessed mating or egg oviposition by this species.
The above evidence suggests mating by Varanus panoptes in May and, based on
Shine's (1986) observations, possibly in July. Shine (1986) found enlarged ovarian
follicles in a female specimen in February, this does not necessarily mean it was
mating at this time, but is indicative of reproductive condition. I found gravid female
specimens in April and in October, and thus breeding must occur at these times. It
appears that gravid females eat relatively little, probably to conserve energy spent on
foraging.
.
King and Green (1993: 34) estimated incubation periods for monitor lizard eggs
based on adult body length, and since the specimens examined were between 98 and
112 cm body length, an incubation period of around 140 days may be assumed.
Hatchlings were observed in October-February, therefore oviposition might begin
around May/June and continue until around September/October. This would agree
with Shine (1986), who suspected dry season ovipositing in this species.
These observations suggest that V. panoptes breeds during the dry season,
beginning between February and April and continuing until around October. Eggs
are probably laid between April and November and hatchlings probably emerge
between September and March. Some lizards in the wet-dry tropics however have
year round breeding seasons (James and Shine, 1985), and this should not be ruled
out for V. panoptes under favourable conditions. The observations herein were made
only at Fog Bay and Darwin and those of Shine (1986) were made only in the Jabiru
area. By examination of more specimens and making further field observations, over
wider geographic areas, more may be learned regarding the breeding season in this
monitor lizard of the wet-dry tropics.
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Appendix II
Observations of mangrove habitation by the monitor lizard Varanus panoptes
SEAN J. BLAMIRES and MADELEINE NOBBS

Faculty of Science, Northern Territory University, Darwin NT 0909
Several species of monitor lizard (Varanus spp.) may be found in mangrove
ecosystems. Mangrove specialists include Varanus salvator in fudo-Malaysia
(Sasekumar 1970) and fudia (Pandav & Choudhury 1996), V indicus on Guam
(Wiclcramanayake & Dryden 1988), Indonesia (Harvey & Baker 1998) and the
Solomon Islands (Sprackland 1994) and V semiremex in north Queensland (Cogger
1992). Some monitors, such as V bengalensis (Auffenberg 1994; Traeholt 1997),
may exploit mangroves on a limited basis. The Northern Territory coastline is lined
predominantly with mangroves (Stodart 1977) however only V indicus has been
recorded to occupy them (Cogger 1992).

Varanus panoptes is found throughout tropical northern Australia (Cogger 1992). It
is largely terrestrial (Cogger 1992) but may occupy riparian (Shine 1986) and coastal
habitats (Blamires & Guinea 1998) ~d is a capable swimmer (Martin 1990).
Despite an association with tropical coasts and waterways, no previous
documentation exists, apart from the observations herein ofthis species utilising
mangrove habitats.
0

We made observations at two sites: Ludmilla Creek (12 25' S; 130° 51' E), Darwin
Harbour, and Fog Bay (12° 43' S; 130· 20' E), approximately 150 Ian south-west of
Darwin, as part of on-going ecological studies at these areas. Ludmilla Creek is a
localised mangrove system surrounded by urban development. The Ludmilla Creek
mangroves are described in detail by McGuinness (1997). The Fog Bay observations
were made on the mainland, in mangroves behind beaches, near Patterson Point.
Blamires & Guinea (1998) describe these beaches in detail.
MN made observation at Ludmilla Creek over the period April 1996 to September
1998 and SJB made observation at Fog Bay between March 1997 and December
1998. We each made two observations of active monitors within the mangroves.
Size was estimated and behaviour and time of day was noted for each sighting. MN
recovered a dead V. panoptes from Ludmilla Creek in April 1998. This was
dissected in the laboratory and the stomach contents were examined.

Observations
Ludmilla Creek.
The first sighting was in August 1996. The monitor was approximately 1-1.2 m long
and was observed on the creek bank, within the mangroves, at approximately 1300
hours. The monitor had a dark green to brown colored back, a yellow to white throat
and belly and distinguishable tail stripes, therefore more likely to be V. panoptes than
V. indicus (Cogger 1992). The monitor fled into the mangrove forest not long after
being seen.
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The second sighting was in May 1998 at approximately 1400 hours, near the
mangrove edge, within a man-made drainage channel, which drains into Ludmilla
Creek. This monitor (0.6-0.8 m long) was observed lying in shallow water and at
first did not move when approached. It was not until the animal was about to be
handled, that it fled, with its limbs by its side. The lizard swam to a creek-bank
upstream and then fled across the bank into the forest lining the creek. This monitor
was again recognised as V. panoptes from its color, size, spots and tail (Cogger
1992).
Fog Bay.
The first observation at this site was made from a 4WD vehicle in February 1998. At
approximately 1330 hours, a 1-1.2 m long V. panoptes was observed on salt flats
surrounded by mangroves. It ran into nearby mangrove upon the vehicle stopping.
The mangrove was searched, but the lizard could not be found.

The second sighting was in May 1998 when a small (0.6-0.8 m long) V. panoptes
was observed at approximately 1200 hours lying in mud in mangroves approximately
1 km behind the sand dunes. This monitor slid through the mud on approach, as in
the second observation at Ludmilla Creek but was slow in response to approach.

Specimen Examination
A dead specimen (total length = 109 cm; snout to vent length = 44 cm) was found
behind mangroves at Ludmilla Creek in April 1998. The specimen had wounds
suggesting it may have been attacked by a dog/dingo. A dingo was seen in the
mangroves just three days prior to this specimen being found. The specimen was a
gravid female with seven shelled eggs within its oviducts (see Blamires in press). It
had two cockroaches in its stomach. It had therefore not been foraging in the
mangroves.
Both of these sites were monitored weekly to fortnightly for 21 (Fog Bay) to 31
(Ludmilla Creek) months, four sightings is a low count for a species, common to the
areas surrounding these mangroves. It is likely that V. panoptes does not spend a lot
oftime in mangrove habitats. The stomach contents of the specimen examined
showed no evidence of feeding in mangroves. Further studies into the diet of V.
panoptes at Fog Bay suggest only the beachfront and dunes are utilised for foraging,
where they feed on turtle eggs, insects, small mammals, reptiles and crustaceans
(Blamires 1999). Mangrove specialists, such as V. indicus (Dryden 1965) and V.
salvator (pandav & Choudhury 1996) feed on a variety of crabs and fish from
mangrove habitats. However, despite an apparent abundance of possible prey, for
example; fiddler crabs may be found in densities of up to 151m2 at Ludmilla Creek
(Nobbs & McGuiness 1999), V. panoptes prefers to obtain food from areas outside
the mangrove forest.
The fact that most sightings occurred between 1200 and 1400 hours suggest that V
panoptes retreats to the mangroves to escape the hottest time of day. SJB has also
observed V. panoptes sitting in the intertidal zone and in the water at the surfbreak at
this time of day. The behaviour of lying in mud/water within the mangroves is
probably thermoregulatory, since similar observations were made for
thermoregulation in V salvator (Wickramanayake & Green 1989; Traeholt 1995).
Varanus panoptes appeared to flee less readily when in this position and this is may
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be because the lizard may be overheated and sacrificing escape to avoid heat stress,
alternatively submergence might be an escape response itself. Retreat to the
mangroves is also an escape response by V. panoptes. I (SJB) have often observed
V. panoptes fleeing into the mangroves from the dune crest, when startled, at Fog
Bay.
From the evidence above, it can be concluded that, although is found on many
tropical coastlines, V. panoptes, does not appear to forage within mangrove habitats.
However, mangroves, appear to serve other important purposes in the ecology of this
monitor lizard, as a transient habitat, a refuge, and a cool, moist microclimate for
escaping the hottest and driest times of day.
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